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  Cardiovascular diseases (CVDs) have persistently been the principal cause of disease burden and mortality throughout the world as well as in Latin America (LATAM)1,2. Congruently, as CVDs continue to grow, the research production in this discipline has followed the same trend; global CVD publications have been increasing in the last decades3,4. However, as with other health-related topics, disparities in the quantity of research exist when comparing low- and middle-income countries with high-income nations3,4.

  Despite the simultaneous increasing trend in CVD research output in LATAM, this region is clearly behind in terms of publications when compared to North America or Europe. A bibliometric analysis of CVD papers in PubMed® identified that 4% of them were from LATAM, as opposed to 40% from European countries5. Even between Latin American countries, disparities also exist, with Argentina, Brazil, and Mexico being the most represented countries in published research in the region5,6.

  As a reader, when assessing collaborative or pooled studies such as clinical trials or systematic reviews, there seems to be a lower representation of the Latin American population, publications, and/or journals. This could possibly be explained due to language barriers, as Spanish or Portuguese publications are excluded in many cases from systematic reviews, or due to the lack of indexation of many Latin American medical journals in major international databases such as PubMed®/MEDLINE®7,8.

  In our recent experience, we identified that information about the Latin American population’s characteristics of infective endocarditis (IE) was lacking. Therefore, our approach was to conduct a systematic review including the two major international databases, as well as two regional Latin American databases. We identified and described compiled information on the major characteristics of IE that hopefully will be useful, or at least be a starting point for clinicians, researchers, and local guidelines9. Efforts to develop a unified knowledge, via systematic reviews, have also been conducted by other authors in the field of CVDs in LATAM10,11. For instance, Ciapponi et al.10 assessed the burden of heart failure (HF) in the region. They described crucial data on the prevalence, readmission, and mortality rates due to HF providing an overall assessment of this disease situation in LATAM. Similarly, Carrillo-Larco et al.11 produced essential information on the prevalence of dyslipidemia as well as the trends among the lipid profile levels in Latin American population-based studies. Besides the mentioned value of these systematic reviews, this type of study is also key to identify what is missing in the literature, such as more robust multicenter studies, registries, and/or population studies9,10.

  Population-based or national registries in CVDs have proven to be useful in the generation of information and research that will ultimately improve the quality of patient care12,13. On the topic of IE, a great example of multicenter studies is the “Infective Endocarditis in Argentina” study, which has now published its third cohort (EIRA-3), in which 48 centers throughout that nation reported information on IE to generate updated information on this disease14. Likewise in the HF literature, based on the need for this type of work, national registries such as those in Argentina15, Brazil16, and Colombia17 have been developed. Moreover, the “Brazilian Registry of Adults Undergoing Cardiovascular Surgery” is an example in which the clinical outcomes of cardiovascular interventions can be systematically assessed18. In addition to these examples of national efforts, collaborations between researchers from distinct Latin American countries (with or without researchers from other regions) have also been generated or are being conducted on topics such as traditional risk factors and CVD (PURE study19), coronary heart disease (ACCESS20 and INTERASPIRE21 registries), and, more recently, coronavirus disease 2019 (COVID-19) cardiovascular complications (CARDIO-COVID 19-20 registry22). These examples demonstrate that research collaborations between Latin American researchers are feasible and should continue to grow over time.

  There are multiple benefits of developing local and regional research such as obtaining truthful information about CVDs as well as identifying the needs in healthcare or research6, but most importantly, there has been described an inverse relationship between the number of publications and cardiovascular burden4. In other words, research output may be related to an improvement in CVD-associated death rates and disability-adjusted life years4, which should be the most important motivator for researchers.

  In conclusion, as a region, LATAM is heading in the right direction in CVD research, but there is still work to do. The current momentum and research efforts should be continued with the aim of improving and continuously creating consolidated research in the region. This could be attained by using systematic reviews and meta-analyses, but more importantly, by developing collaborative strategies between researchers to produce high-quality primary research data.
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    ABSTRACT

    INTRODUCTION: Pediatric heart transplantation is the definitive therapy for children with end-stage heart failure. This paper describes our initial experience in pediatric heart transplantation in a tertiary center in Brazil

    METHODS: This is a historical prospective descriptive cohort study based on a review of the medical records of children undergoing heart transplantation at Hospital de Base and Hospital da Criança e Maternidade de São José do Rio Preto. Variables were displayed as frequency, mean, or median. Statistical analysis and Kaplan-Meier actuarial curve were obtained with the aid of Microsoft® Excel® 2019 and STATSDirect version 3.3.5.

    RESULTS: Between January 2010 and December 2020, ten children underwent bicaval orthotopic heart transplantation, 30% of which were under one year of age. Nine patients had end-stage heart failure (International Society for Heart and Lung Transplantation-Heart Failure D) and 50% of the recipients were transplanted under conditions of progressive clinical deterioration (Interagency Registry for Mechanically Assisted Circulatory Support ≤ 2). Forty percent of the recipients had a panel-reactive antibody > 20% on virtual crossmatch. In the postoperative period, 80% of patients required high dose of inotropic support (vasoactive-inotropic score > 10) for > 48 hours. The death-free survival rate at 131 months was 77.1±14.4%. Most patients (88.9%) in late follow-up had an episode of active cytomegalovirus infection. Cellular rejection, with or without clinical repercussion, was present in 44.4% of the patients.

    CONCLUSION: Pediatric heart transplantation produces acceptable and feasible outcomes as definitive therapy for children with end-stage heart failure.

    Keywords: Heart Transplantation; Pediatric; Heart Failure; Cardiology; Treatment Outcome.
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  INTRODUCTION

  Pediatric heart transplantation is the definitive therapy for children with end-stage heart failure1.

  According to the International Society for Heart and Lung Transplantation (ISHLT), by June 2017, more than 14,000 pediatric heart transplants were reported worldwide, of which < 5% were performed in South America2. Advances in surgical technique, selection criteria, graft preservation, postoperative management, immunosuppression, and the development of ventricular assist devices (VADs) have led to an increase in 10-year post-transplant survival rate to almost 70% in centers of excellence3.

  Between 1990 and 2020, 592 pediatric heart transplants were performed in our country, according to the annual reports of the Associação Brasileira de Transplante de Órgãos. Thirty-nine of those took place in 2020 in 11 transplant centers, mostly located in capitals and large cities4.

  This paper describes our initial experience in pediatric heart transplantation in a Brazilian tertiary center located in a medium-sized city in the State of São Paulo, Brazil.

   

  METHODS

  To describe the clinical characteristics of patients undergoing pediatric heart transplantation at Hospital de Base and Hospital da Criança e Maternidade de São José do Rio Preto (São Paulo, Brazil), a historical prospective descriptive cohort study was carried out, based on a review of the medical records of children undergoing transplantation between January 2010 and December 2020.

  This study was approved by our institution’s human research ethics committee via Plataforma Brasil (CAAE: 45710921.5.0000.5415) and term of free and informed consent was waived based on the characteristics of the research (opinion no. 4,713,004 of May 14, 2021).

  During the study period, ten children underwent orthotopic heart transplantation, three of which were under one year of age. Their weight ranged between 5.8 and 32 kg. Six were male and none had any genetic syndrome. Perioperative procedures were performed per protocols following the Third Brazilian Guidelines on Heart Transplantation4.

  Recipients

  Transplantation was indicated in patients with end-stage heart failure that were refractory to optimized therapy, with a life expectancy of less than two years and/or unacceptable quality of life. A transdisciplinary approach — medical, physiotherapeutic, nutritional, nursing, and psychosocial — was adopted for a complete assessment of the candidate and clinical management, aiming at preoperative optimization.

  All children were primarily diagnosed with cardiomyopathy. No child was transplanted for congenital disease or had undergone previous cardiac surgery. There was a 30% prevalence of failure to thrive with weight-for-height Z-score <-3, categorized as “very low” based on World Health Organization indices.

  The pre-transplantation assessment included a thorough review of clinical history, physical examination, chest X-ray, echocardiogram, electrocardiogram, ergospirometry, and hemodynamic evaluation with pulmonary artery catheterization (in three patients). Holter monitoring and an invasive electrophysiology study were performed on a candidate with tachycardiomyopathy.

  Patients’ heart failure severity was stratified based on the age-based Modified Ross classification system, Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS), and ISHLT-Heart Failure for the pediatric population.

  Laboratory tests included cultures, cytomegalovirus (CMV) immunoglobulin M (IgM) and immunoglobulin G (IgG) serology, Epstein-Barr virus (EBV) IgM and IgG, toxoplasmosis IgM and IgG, rapid human immunodeficiency virus (HIV) test, anti-hepatitis B surface antigen (HBsAg), anti-hepatitis C virus (HCV), venereal disease research laboratory (VDRL) test, polymerase chain reaction (PCR) for coronavirus disease 2019 (COVID-19) (in the year 2020), panel-reactive antibody (PRA), blood classification, and typing.

  Liver (alanine aminotransferase, aspartate transaminase, alkaline phosphatase, gamma-glutamyl transferase, lactate dehydrogenase, albumin-bilirubin score, and prothrombin time) and kidney (urea, creatinine, urinalysis, glomerular filtration rate calculation by Bedside Schwartz Formula, and pediatric Risk, Injury, Failure, Loss, End-stage Renal Disease score) were evaluated, and, if any anomalous phenotypical finding was identified by the pediatric cardiology team, a posterior evaluation by the genetics team was performed; if necessary, a laboratorial investigation by molecular chromosomic tests, including quantitative fluorescent-PCR and single nucleotide polymorphism array, was conducted. Kidney and liver imaging (ultrasound) were performed as needed. Active infection was also ruled out through cultures screening and clinical evaluation. All recipient candidates were screened for HIV, hepatitis A virus, hepatitis B virus (HBV), HCV, EBV, CMV, HTLV 1-2, and since 2020, reverse transcription-PCR testing for COVID-19.

  The average waiting time for an organ was 35.5±27.9 days (Table 1).
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  Donors

  Individuals with verified brain death who were determined to be potential organ donors by the Brazilian Central de Notificação, Captação e Distribuição de Órgãos were considered after excluding contraindications that might cause risk to recipients, such as patients with complex heart diseases, evidence of myocardial dysfunction, active bacterial or fungal infections, viral infections, such as HIV, HBV, HCV, and HTLV 1-2, ABO incompatibility, and inadequate graft size for the recipient. The mean age of the donors was 8.9±6.8 years, with 60% comprised of males (Table 2).
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  Donor laboratory evaluation included a virtual crossmatch to detect the presence of donor-specific antibody (DSA), CMV IgM and IgG, toxoplasmosis IgM and IgG, rapid HIV test, anti-HBsAg, anti-HCV, VDRL test, COVID-19 PCR (in 2020), endotracheal, urine, and blood cultures, in addition to strict clinical management to maintain hemodynamically stability in an effort to preserve the viability of the heart.

  Operation

  Donors received intravenous (IV) cefuroxime, IV methylprednisolone, and 500 units/kg of heparin prior to aortic clamping, also, Custodiol®-histidine-tryptophan-ketoglutarate (HTK) cardioplegic solution in the aortic root after decompression of the right (partially cutting through the inferior vena cava) and left (opening the right superior pulmonary vein) cavities. To preserve long vascular stumps, cardiectomy was performed by cutting through the vessels (superior and inferior vena cava, aorta, and pulmonary trunk) as distally as possible from the heart. In the case of simultaneous lung collection, the remnants of the left atrium and pulmonary artery were reduced, and the same was applied to the inferior vena cava in case of liver collection. The heart of the donor was kept in a sterile environment composed of a glucophysiological solution at 4°C.

  Specimens of the donor’s spleen and lymph nodes were also resected to perform an actual crossmatch.

  Recipients received intraoperative antibiotic prophylaxis with IV cefuroxime. Intraoperative monitoring included near-infrared spectroscopy and placement of a transesophageal echocardiography (TEE) probe to be used in the assessment of the graft at any point during the transplant and before (and/or after) weaning from cardiopulmonary bypass (CPB).

  All patients underwent median sternotomy, heparinization, and placement of aortic and bicaval CPB cannulas. The perfusate consisted of metabolically corrected and heated Plasmalyte®, and all blood products underwent leukocyte removal and irradiation. CPB was conducted while keeping the patient moderately hypothermic (25 to 28°C). Aortic cross-clamping and explantation of the native heart were performed using the bicaval orthotopic technique. Isoproterenol was routinely initiated for hemodynamic or chronotropic support during weaning and separation from CPB. Milrinone and adrenaline infusions are also used for hemodynamic support as needed intraoperatively. In addition to conventional ultrafiltration, all patients underwent modified ultrafiltration for five to 12 minutes, depending on the patient’s hemodynamic status. Heparin was reversed with protamine (1:1.2), temporary pacemaker wires, chest, and mediastinal tubes were placed, and the chest was closed prior to transporting the patient to the intensive care unit (ICU).

  Postoperatively, vasoactive medications such as nitroprussiate, milrinone, epinephrine, norepinephrine, vasopressin, and isoprotherenol were titrated to achieve optimal hemodynamics based on clinical status (i.e., warm, well perfused, urine output, etc.), laboratory evaluation of end-organ function, and oxygen delivery (i.e., arterial blood gas, central venous blood gas and co-oximetry, lactate, blood urea, creatinine, etc.).

  Ventilator support and fraction of inspired oxygen (FiO2) were titrated as necessary to achieve normal gas exchange. Mechanical ventilation was guided to optimize metabolic homeostasis and decrease pulmonary vascular resistance (PVR) (FIO2 100%, pH 7.40-45, positive end-expiratory pressure [PEEP] 5 cmH20, tidal volume 6-8 ml/kg, peak inspiratory pressure 10-15 cmH20 above PEEP I/E rate 1:2-3, partial pressure of carbon dioxide [or PCO2] 30-35, partial pressure of oxygen [or PaO2]/FiO2 ratio > 300, and delicate canula fluid aspiration). Nitric oxide (NO) at 20 ppm was initiated intraoperatively if TEE had shown signs of right ventricular (RV) failure or increased PVR. Postoperative pain management and sedation were achieved with titration of opioid, paracetamol, dexmedetomidine, etc.

  Patient management decisions were discussed and planned with input from our multidisciplinary team, consisting of nurses, respiratory therapists, infectious disease consultants, immunology consultants, pharmacists, etc., to assure rigorous immunosuppression routine, monitor for signs of rejection in the pediatric population, and prophylaxis against opportunistic infections. All blood derivatives underwent white blood cell removal and irradiation.

  Our center’s protocol for timing post-transplant cardiac catheterizations and endomyocardial biopsies is as follows: from zero to four weeks - two biopsies, one at seven and another at 30 days; four to 12 weeks - monthly biopsies; three to 12 months - quarterly biopsies; over 12 months - annual biopsy or when rejection is suspected.

  Immunosuppression

  Immunosuppression induction therapy for heart transplant recipients included IV methylprednisolone (20 mg/kg/dose, every 12 hours for 48 hours), cyclosporine (0.1 mg/kg/min, starting one hour before surgery and reinitiated after the end of CPB, subsequently administered orally), and human immunoglobulin (400 mg/kg/dose, every other day, five doses).

  Triple oral maintenance therapy included steroids (prednisone 1 mg/kg/dose or prednisolone 1 mg/kg/dose), a calcineurin inhibitor (cyclosporine or tacrolimus at a dose titrated to reach the desired serum levels), and an antiproliferative agent (mycophenolate mofetil 20 to 40 mg/kg/day, 12/12 hours).

  Choice of medication regimen for rejection was based on the patients’ clinical status, signs and symptoms (i.e., arrhythmias, fever, and symptoms associated with inadequate cardiac output and oxygen delivery such as nausea, vomiting, dyspnea, etc.), and the underlying etiology, determined by pathological findings of endomyocardial biopsy specimens, (i.e., cellular vs. humoral, myocyte inflammation vs. graft vasculopathy, and severity based on ISHLT classification), according to ISHLT classification, hemodynamic catheterization, and echo findings (i.e., global dysfunction, decreased cardiac output, new atrioventricular valve regurgitation, increased PVR, etc.).

  Post-Hospital Follow-up

  All transplant patients underwent periodic transdisciplinary assessment with outpatient visits and complementary tests including chest X-ray, electrocardiogram, echocardiography, calcineurin inhibitor (cyclosporine or tacrolimus), serology monitoring, and hemodynamic assessment with endomyocardial biopsy. Serum drug monitoring goal for oral cyclosporin was 300-350 ng/mL (0-3 months after transplant), 250-300 ng/mL (3-6 months), 200-300 ng/mL (6-12 months), and 100-200 ng/ml (after one year). Serum drug monitoring goal for tacrolimus was 10-15 ng/ml (0-6 months) and 5-10 ng/ml (after six months).

  Statistics

  Nominal qualitative variables were expressed as frequency, and continuous quantitative variables were expressed as mean and standard deviation. Discrete quantitative and continuous quantitative variables without Gaussian distribution were expressed as median and interquartile ranges. Survival analysis was obtained using a Kaplan-Meier actuarial curve. The database was created in Microsoft® Excel® 2019, and the descriptive statistics calculation was performed with the STATSDirect software version 3.3.5 of March 2021.

   

  RESULTS

  More than half of the transplants were performed in the last three years, as shown in Figure 1.
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  Prior to transplant, 50% of the patients waiting for a heart had a modified Ross score ≥ 10 and INTERMACS ≤ 2; 90% of them were in an ICU receiving continuous infusion of inotropic agents for hemodynamic support and were, therefore, assigned to a higher priority level on the waiting list. EBV IgG antibodies were present in 80% of patients, CMV IgG antibodies in 60%, and toxoplasmosis IgG antibodies in 10%.

  In the preoperative period, the median left ventricular ejection fraction (LVEF) according to the Simpson’s method was 16 (12-24) %. PRA > 20% was observed in four patients, and none underwent desensitization therapy.

  Fifty percent of the recipients had some degree of pulmonary hypertension (mean pulmonary artery pressure [MPAP] > 20 mmHg), and two were transplanted in severe cardiogenic shock, with mechanical ventilatory assistance, dialysis, and high doses of inotropic and vasoactive drugs.

  Most of the donors had neurological events that led to brain death. The mean donor/recipient weight ratio was 2.0±0.8 ranging from 0.8 to 3.9. Actual crossmatch after collection did not indicate evidence of DSA.

   Table 3 displays the characteristics of the surgical procedure. Donors were at centers located from 276.5-491 km from our center, where the recipients were cared for and would be receiving their heart transplants. The mean CPB time was 101.5±16.5 minutes, and all grafts were transplanted with a total ischemia time of < 240 minutes. Seventy percent of the patients required high-dose vasoactive drugs (vasoactive-inotropic score [VIS] > 10) after weaning from CPB, and two patients required temporary pacing due to inadequate chronotropy in the first six hours. All patients were transfused intraoperatively with packed red blood cells and fresh frozen plasma (even for CPB priming, if indicated).
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  Eight patients were extubated before the fifth postoperative day, six (60% of the total) in the immediate postoperative period. After the first 48 hours, 80% of transplant recipients maintained VIS > 10. Three patients used NO, and two progressed to renal failure requiring dialysis. Three patients presented intraoperative RV failure with estimated MPAP > 20 mmHg on TEE, therefore NO was added in the operating room until at least 72 hours postoperatively.

  Median ICU length of stay was 25.2 (20.2-52.5) days. One child died due multi-organ failure 76 days after surgery (patient 3) secondary to bacteremia and sepsis, further complicated by subsequent fungemia.

  In the immediate postoperative period, 40% of the patients had clinical sepsis, with negative blood cultures. No child developed chylothorax, diaphragmatic paralysis, required permanent pacemaker implantation, or underwent unanticipated urgent catheter-based intervention or surgical revision (Table 4).
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  Median follow-up time was 15.6 (9.6-24.5) months. During post-hospital follow-up (Table 5), all patients presented some degree of cellular rejection verified by at least one endomyocardial biopsy evidencing ISHLT ≥ 1 and indicating at least mild cellular rejection, though not all patients were symptomatic nor did all of them require significant changes to their immunosuppressive medication. Those that did exhibit significant symptoms and/or require a change, increase, or IV dosing were admitted to the hospital for monitoring during initiation or increased dosing of their immunosuppressive agents.
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  Non-elective hospitalizations of different etiologies were frequent (on average greater than one hospitalization per year), occurring in 44.4% of patients. The main causes were related to fever, fatigue, decreased oral feeding, respiratory symptoms, and diarrhea, some of which were later identified as early manifestations of CMV.

  During late follow-up, eight (88.9%) children had episodes of active CMV infection. None were affected by toxoplasmosis, HIV, HBV, HCV, herpes simplex virus (HSV), or COVID-19. At the end of the study, no child had developed chronic kidney disease, graft vasculopathy, post-transplant lymphoproliferative disease, other malignancies, or underwent re-transplantation.

  A second child (patient 2) died 320 days after surgery as a result of humoral rejection.

  Therefore, overall death-free survival rate was 77.1±14.4% at 131 months of follow-up (Figure 2). Median follow-up time was 15.6 (9.6-24.5) months.
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  DISCUSSION

  Up until 2015, > 85% of pediatric heart transplants reported to the ISHTL were performed in North America and Europe. Worldwide, most transplant centers are considered low-volume, performing from one to four transplants per year. As in our experience, low-volume centers account for approximately 80% of transplants performed in developing countries5.

  In 2009, the center of Cardiologia e Cirurgia Cardiovascular Pediátrica of the Hospital de Base and Hospital da Criança e Maternidade de São José do Rio Preto initiated a scientific-educational partnership with the American non-profit organization Children’s HeartLink (or CHL), whose mission is to foster the development of pediatric cardiology care in developing countries. This alliance allowed the center to be later included in the International Quality Improvement Collaborative for Congenital Heart Disease (or IQIC), an initiative whose purpose is to identify the contributing factors to postoperative child mortality following cardiovascular surgery6.

  Over time, the elimination of weaknesses and the institutional improvement led to an increase in the number and complexity of surgeries, in addition to a significant decrease in infection and mortality rates. This increase in quality is reiterated by the increase in the number of transplants performed in the last three years.

  Age stratification of recipients shows that, in our sample, 30% of transplant recipients were younger than one year of age, and 40% were between one and ten years of age, a ratio compatible with medium (5-9) and large (10+) annual volume centers around the planet7.

  There are geographical differences regarding age and primary diagnosis of recipients. In North America, the majority of pediatric heart transplant recipients are infants and children with congenital heart disease, whereas in Europe and other parts of the world, dilated cardiomyopathy accounts for the highest proportion8. In our study, the predominance of recipients transplanted due to cardiomyopathies is in line with data from developing countries, like ours. In the 2000s, in São Paulo, Azeka et al.9 reported that cardiomyopathies had been the indication for heart transplant in 97.3% of children over one year of age.

  In the pediatric primary care setting, recognizing and diagnosing cardiomyopathy can be quite challenging, especially since most of those patients have structurally normal hearts and are not followed by a pediatric cardiologist. Reports of multiple hospitalizations for the treatment of nonspecific respiratory, digestive, and infectious conditions are frequent. With the delay in being referred to a tertiary center, 90% of the study patients were hospitalized in end-stage heart failure (ISHLT-Heart Failure D). By the time of transplant, 50% of recipients had demonstrated significant clinical deterioration despite IV inotropic therapy (INTERMACS 2), some of which developed refractory, uncompensated cardiogenic shock (INTERMACS 1), situations where a short-term VAD would be indicated as a bridge for decision in selected cases10.

  In countries with limited resources, providing advanced care in pediatric cardiology and cardiac surgery is a challenge11. During the study, the center did not have circulatory assist devices to provide metabolic rescue to severe patients, which, in some cases, was a temporary contraindication to the listing and, in others, required the transplantation to be carried out before the clinical condition became irreversible.

  In a similar situation, Jatene et al.12 described the evolution of 22 children with dilated cardiomyopathy who presented uncompensated cardiogenic shock while waiting for transplantation; 42.9% of these children died while on the waiting list and eight transplants were performed. The clinical course of those patients who underwent orthotopic heart transplant emergently was similar to those that underwent transplant electively.

  Across the world, the number of children in need of heart transplants exceeds the number of donors, and mortality on the waiting list remains high. It is important to be able to identify which recipients should be prioritized on the waiting list before their condition becomes too severe to survive a transplant (or even until an organ becomes available) and from which donors in borderline clinical condition, the so-called marginal donors, it is justifiable to leverage the risk of accepting a suboptimal organ13.

  In 2020, the ISHLT published a consensus focusing on donor management and organ acceptability, identifying features that could negatively impact short and long-term outcomes. Among such features, the following must be highlighted: donor more than five years older than the chronological age of an adolescent recipient or donor > 25 years old, donor LVEF < 40%, West Nile virus infection, Chagas disease (Trypanosoma cruzi), untreated fungal infections, non-bacterial meningoencephalitis, hematologic malignancy, and ischemic time > 4 hours. Interestingly various donor factors are not associated (or literature is still inconclusive) with negative outcomes: donor/recipient weight ratio between 0.6 and 3.0; bacterial infections, donors killed by the Influenzae virus, diabetes, hypertension, history of anaphylaxis, other tumors, genetic syndromes, history of cardiopulmonary resuscitation, cause of death, use of inotropic agents and vasopressors, electrocardiographic alterations, and troponin, creatine kinase myocardial band, B-type natriuretic peptide (BNP), and pro-BNP levels14.

  In our casuistic, we identified one transplantation performed with a donor-recipient age difference greater than five years without negative consequences observed during the follow-up period.

  When analyzing data from the Pediatric Heart Transplant Study (or PHTS) registry, Das et al.15 identified that sensitization of receptors to human leukocyte antigen (HLA) is common and about 26% had a PRA > 20% for HLA class I or II before transplantation. Patients with PRA > 20% were more likely to have congenital heart disease, to have undergone previous cardiac surgery, requiring extracorporeal membrane oxygenation support at the time they were listed for transplant (or at any point thereafter, until the time of transplant), and to have waited longer for an organ than those with PRA < 20%. PRA > 50% was independently associated with shorter graft survival during the first month following transplantation, with greater probability of a positive crossmatch, and with the presence of DSA. Forty percent of patients in our sample had PRA > 20%, and there were no patients with specific antibodies against the donor.

  Long-term graft survival and recipient survival are also dependent on graft preservation strategies. The use of a hypothermic HTK solution applied for a certain period and at low pressure to the aortic root has been the center’s standard since the first transplantation. In 2020, Shaw et al.16 compared the 30-day, one-year, and long-term survival (10 years after heart transplantation) of 3,102 children undergoing heart transplantation whose grafts had been preserved with different solutions. The authors found no significant differences between the following solutions: Celsior, University of Wisconsin, and Custodiol®-HTK.

  Approximately 40% of pediatric heart transplant recipients have arrhythmias. Those who develop bradyarrhythmia may need temporary pacing, if they do not have an adequate chronotropic response to isoproterenol in the immediate postoperative period, or permanent pacemaker implantation, if persistent. In a meta-analysis of 7,198 pediatric heart transplant recipients, Mylonas et al.17 reported a prevalence of 1.9% (137) of that requiring permanent pacemaker implantation. Sinus node dysfunction and complete atrioventricular block were the main indications, more frequently in patients operated using the Lower-Shumway technique. We used the bicaval technique in all transplant recipients and two children (20%) that required a temporary pacemaker for a few hours in the immediate postoperative period. No patient required placement of a permanent pacemaker.

  Acute RV dysfunction is a potential complication after heart transplant. It may occur since intraoperative graft reperfusion and encompass/covers a broad spectrum of presentation and can be triggered primarily or consequently to left ventricular failure. Mild RV dysfunction frequently occurs in the early postoperative period (managed by ventilation, hemodynamical optimization, and pharmacological measures) but, in worst cases, severe RV dysfunction can culminate with graft failure requiring VAD or even waitlist relocation for a new organ. Factors such as prolonged graft ischemia time, prolonged cardiopulmonary resuscitation of the donor, mechanical ventilation, and pre-transplant elevated PVR are risk-increasing for fatal outcomes18.

  Forty percent of our recipients had an RV fractional area change (FAC) < 35%, and 50% had MPAP > 20 mmHg as their worst echocardiographic measurements while in the ICU. Association with NO was required in three of them. In 2019, a study involving 2,833 patients in 28 American centers described a frequency of 36.5% NO use after transplantation. Prolonged use (> 5 days) was associated with decreased survival and a significant increase in costs and was considered a marker of severity19. It is important to highlight that acute RV dysfunction is a physiopathologic condition distinct from hyperacute humoral rejection, a rare (nowadays), dramatic, and often lethal immune-mediated response usually occurring 24 hours post-transplantation.

  As for pharmacological support in the first 24 hours after transplantation, 90% of the children required high doses of inotropic and vasoactive drugs (VIS > 10), and at 48 postoperative hours, 80% of all patients remained at VIS > 10. In 2019, Tadros et al.20 reported that patients with a high maximum and medium VIS in the first 24 hours and 24-48 hours had longer hospital length of stays, prolonged need for mechanical ventilation, and inotropic support. They also tended to have more adverse cardiac events and were more likely to have suffered acute kidney injury. The cutoff point for risk stratification based on a VIS of 10 is suitable for pediatric cardiac recipients (area under the receiver operating characteristic curve > 0.8).

  The greatest risk of viral infections happens around six to eight weeks after surgery. Eight out of nine patients (88.9%) discharged from the hospital had episodes of active CMV infection, requiring specific antiviral therapy. CMV infection is frequent in the pediatric population, however, death resulting from this specific cause is uncommon. Seronegative recipients receiving organs from seropositive donors are at greater risk. Other opportunistic viral agents include HSV, varicella-zoster virus, influenza viruses, and EBV21.

  Four of the nine patients (44.4%) in post-hospital follow-up underwent endomyocardial biopsies (elective or urgent), indicating a histological pattern of moderate or severe cell rejection. These patients were readmitted for adjustment of immunosuppression or initiation of rejection therapy based on other clinical and echocardiographic findings with corroborating findings on physical exam. According to the ISHLT, > 10% of transplant patients experience episodes of acute rejection within the first year requiring treatment and/or hospitalization22.

  The death-free survival rate was 77.1±14.4% at 131 months of follow-up. The standard error is of probability (survival rate), not of the absolute number of survivors. The main causes of death in children following heart transplantation were graft dysfunction, infections (non-CMV), acute rejection, and graft vasculopathy. Their frequency varies according to the time elapsed after transplant. Infections (non-CMV) and acute graft rejection rank second and third among the leading causes of death between 31 days and one year following heart transplantation23.

  Two of our patients died following transplant, with etiology, clinical course, and cause of death similar to what has been described by others in the literature.

  The first patient was a 12-year-old child; it was an incredibly high-risk transplant due to extremely poor pre-transplant clinical and nutritional statuses (Body Mass Index Z-Score-2.1, idiopathic dilated cardiomyopathy, INTERMACS 1, LVEF 10%, FAC > 35%, MPAP 30 mmHg, presenting hepatic disfunction, and requiring vasoactive infusions, mechanical ventilation, and dialysis). Her waitlist time was of ten days, the female donor was 15 years old, weighting 55 kg, who died of hemorrhagic stroke, with total ischemia time of 235 minutes (cold, 190 minutes; warm, 45 minutes) and VIS 32 at recipient ICU admission. Cause of death was sepsis-associated multi-organ failure at 76 days post-transplant. This patient presented bacteremia with positive urine and blood cultures for Pseudomonas aeruginosa and went on to develop fungemia (non-albicans Candida sp.). During ICU course, there were multiple invasive devices including indwelling central lines, nasoenteral feeding tube, total parenteral nutrition, orotraqueal tube, tracheostomy, peritoneal dialysis catheter, Foley catheter, and multiple thoracic drainages, among other procedures. Multiple efforts had been made to optimize hemodynamic and infectious scenarios. During the studied period, our center did not have circulatory assist devices to provide metabolic and hemodynamic rescue to severely ill patients.

  The second patient was a eutrophic toddler transplanted at 22 months of age, diagnosed with idiopathic dilated cardiomyopathy, INTERMACS 3, LVEF 11%, FAC 35%, MPAP 14 mmHg, using minimal vasoactive support. He had a waitlist time of 12 days, a female donor of seven years old, weighting 26 kg, and he was extubated on the third postoperative day and submitted to standard immunosuppression protocol with hospital discharge without major complications. After hospital discharge, there were five non-programed readmissions related to CMV infection/diagnostic/control. He died 356 days post-transplant, likely a consequence of noncompliance with the immunosuppressant medication regimen by the patient’s guardians. The patient had evidence of significant humoral rejection, as immunohistochemical staining of endomyocardial biopsy specimens were positive for C4d on myocardial microvasculature.

  Successful intermediate and long-term pediatric heart transplant is highly dependent on patients’ parents/caregivers being vigilant with the child’s immunosuppression regimen and attending follow-up cardiology appointments after discharge from the hospital. Stone et al.24 observed that children cared for by parents with an unfavorable psychosocial evaluation had a 2.4 times greater risk of experiencing episodes of acute rejection and 2.9 times greater risk of having subtherapeutic levels of calcineurin inhibitor (cyclosporine or tacrolimus). These at-risk children could benefit from in-home monitoring and solid psychosocial support. Considering the literature and our clinical experience with late death, we have become more rigorous in our evaluation of patients’ psychosocial and economic situation prior to offering heart transplantation as a treatment option for our patients with cardiomyopathy and end-stage heart failure.

  Limitations

  The purpose of this study was to describe our initial experience with heart transplantation for pediatric patients with cardiomyopathy and end-stage heart failure. Due to the small number of patients, the study is not adequately powered to draw any conclusions with respect to possible and statistically significant associations between variables. Further, data was extracted from review of medical records, some of which were older and difficult to obtain. Another limitation of our study is that the VIS calculation does not include isoproterenol, which is essential to the perioperative medical management of pediatric heart transplant recipients. Therefore, VIS does not reflect all of the vasoactive medication required by any given patient.

  Finally, most of the transplants took place in the last three years, therefore the sample follow-up time is short. This explains the lack of late complications, such as chronic kidney disease, graft vasculopathy, post-transplant lymphoproliferative disease, other malignancies, or patients undergoing re-transplantation.

   

  CONCLUSION

  Pediatric heart transplantation is feasible and is consistently associated with excellent immediate, short-, and medium-term outcomes when employed as definitive therapy for children with cardiomyopathy and end-stage heart failure. It is very important to consider the risk based on the patient’s clinical and nutritional statuses. Further, success is dependent on compliance with immunosuppressive medication regimens and attendance at scheduled follow-up appointments.
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    ABSTRACT

    OBJECTIVE: We aimed to investigate whether C-reactive protein to albumin ratio (CAR) predicts the early and late mortality in patients undergoing transcatheter aortic valve replacement (TAVR).

    METHODS: This study was retrospectively designed and includes 170 TAVR patients with a mean age of 78.4±7.1 years. Patients were divided into 2 groups as those who died and those who survived, taking into account the follow-up period. Complete blood count, serum CRP and serum albumin were obtained on admission. The CAR value of all patients was calculated and the relationship of CAR with early (≤30 days) and late mortality (>30 days) was evaluated.

    RESULTS: The median follow-up period was 19 [7-31] months (maximum 66 months). Early mortality was observed in 20 (11.8%) patients, whereas late mortality was observed in 39 (22.9%) patients, most of them male (61.1%, P=0.04). Non-survivors had greater CAR value, higher baseline serum CRP level and lower baseline albumin level than survivors (P<0.01, for all parameters). According to multivariate analysis models, CAR (HR: 1.020, P<0.01) and TVAR score (HR: 1.294, P<0.01) were found to be independent predictors of early mortality while CRP and albumin were not. The area under the curve (AUC) for CAR was 0.73 with a P <0.01. A CAR >15.6 predicted the early mortality with 80% sensitivity and 57% specificity.

    CONCLUSION: The novel inflammatory marker CAR can be used as a reliable marker in predicting 30-day mortality in patients undergoing TAVR.

    Keywords: Transcatheter Aortic Valve Replacement; Serum Albumin; C-Reactive Protein; Mortality; Aortic Stenosis.
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  INTRODUCTION

  Transcatheter aortic valve replacement (TAVR) is well-established treatment option for patients with symptomatic severe aortic stenosis (AS) who are not candidates for surgery or who are considered to be at high surgical risk1. Although various aetiological risk factors for degenerative AS have been identified, it has been described as an inflammatory-based disease that shares common pathophysiology with atherosclerosis, including calcification, accumulation of lipoproteins and chronic inflammation2. Because AS is the result of a dynamic inflammatory process, not just ageing, it has been suggested that inflammatory biomarkers can predict outcomes in patients receiving TAVR3. It has been reported that persistently elevated levels of circulating plasma inflammatory proteins following TAVR are associated with increased cardiovascular and all-cause mortality4.

  C-reactive protein (CRP) is a nonspecific acute-phase reactant that is classically related to inflammation and is thought to play a critical role in both progression and severity of degenerative AS2,5. Although elevated CRP level was found to be associated with increased risk of subsequent aortic valve replacement6, there are conflicting data about the prognostic importance of high CRP level in patients who have undergone TAVR2,5,7. Serum albumin is a negative acute-phase reactant and, as a marker of malnutrition, is part of the frailty criteria8. There is evidence that serum albumin is associated with an increased risk of cardiovascular disease mortality in various clinical conditions and in patients who undergo TAVR9. Recently, a newly defined inflammatory marker, the CRP to albumin ratio (CAR), has been found to be a more valuable predictive biomarker than either CRP or albumin alone due to its incorporation of two measures (increased CRP and decreased albumin) to predict inflammatory status and prognosis in various clinical settings10,11. It has also been proposed that CAR is strongly associated with increased mortality rates in patients undergoing surgical aortic valve replacement (AVR)12.

  To our knowledge, there are no data available on the prognostic accuracy of CAR in patients who underwent TAVR. Therefore, in this study, we sought to investigate the predictive role of CAR in determining early and late mortality in patients who underwent TAVR.

   

  METHODS

  One hundred eighty-four consecutive patients who underwent TAVR were retrospectively analysed. Data collected as a part of routine clinical practice at Bagcilar Training and Research Hospital between January 2015 and December 2019 and compiled in a database were reviewed. Data from each patient, including clinical assessment, electrocardiogram, chest radiography, echocardiogram, multislice computed tomography of the aorta and branches, cine coronary angiography and laboratory tests, were obtained from a computerised system, patient file records and/or patients’ follow-up visits.

  Severe AS is defined as by an aortic valve area of <1.0 cm2 and/or <0.6 cm2/m2, and/or a mean transaortic pressure gradient of >40 mmHg and/or a peak aortic jet velocity >4.0 m/s. Exclusion criteria of the current study were simultaneous percutaneous coronary intervention (n=2), life expectancy shorter than 1 year (n=3), severe mental impairment (n=2) and lack of data (n=7). Following the exclusion criteria, the remaining 170 patients with a life expectancy of at least 1 year who were considered to be at high risk based on clinical assessments by a multidisciplinary heart team constituted the study population1. The heart team used a guideline based on a risk model developed by the EuroSCORE II (ES II) to estimate the risk of death after the index TAVR procedure. EuroSCORE II and ACC/STS TAVR scores were calculated using online tools (www.euroscore.org and https://tools.acc.org/tavrrisk)

  The default access for TAVR was transfemoral; alternative routes (transapical, carotid and subclavian) were used in only 3 patients. The valve choice was at the discretion of the heart team. The procedure was performed in the cardiac catheterisation laboratory under general anaesthesia or sedoanalgesia with transoesophageal echocardiography guidance. All patients received aspirin (81 mg) and clopidogrel (≥300 mg) before the procedure and heparin during the procedure; patients continued to take aspirin indefinitely and clopidogrel for a minimum of 1 month. After the index procedure, all patients were followed up for 30 days, 6 and 12 months and yearly thereafter. Since our study was retrospectively designed, written informed consent from participants could not be obtained, but our study protocol was approved by the Ethics Committee of our institution.

  Ethical approval for this study was obtained from Bagcilar Training and Reseach Hospital Ethics Committee under number: 2020.02.1.10.028.

  Laboratory Measurements

  Routine complete blood cell count and blood evaluations for determining glucose, creatinine, albumin and CRP levels were performed using the admission blood samples. Serum albumin and CRP levels were measured using a Roche Diagnostics Cobas 8000 c502 analyser (Roche Holding AG, Basel, Switzerland). CAR was calculated as the ratio of serum CRP level (mg/L) to serum albumin level (mg/L), multiplied by 100 to facilitate interpretation, as done in previous studies12. The estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in Renal Disease formula.

  Study Endpoint

  Outcomes (overall mortality, cardiovascular mortality, pacemaker requirement, overall bleeding, major bleeding, cerebrovascular accident, major vascular complications and overall vascular complications) were adjudicated according to Valvular Academic Research Consortium-2 (VARC-2) criteria13. The primary endpoint of the study was all-cause mortality within 30 days (defined as early mortality) and at more than 30 days (defined as late mortality) for the study cohort. The follow-up rate was 100% for all patients after the index operation. All events were independently reviewed by an independent group of clinicians who were blinded to patients’ baseline CRP values.

  Statistical Analysis

  The continuous variables were given as mean ± standard deviation if the data were normally distributed and median (interquartile range) if the data did not have a normal distribution. The categorical variables were presented as percentages. The Chi-square (χ2) test was used to compare the categorical variables between the groups. The Kolmogorov-Smirnov test was used to assess whether the variables were normally distributed. Student’s t-test or Mann-Whitney U test was used to compare the continuous variables between groups according to whether data were normally distributed. To identify predictors of early and late mortality, univariate and multivariate Cox proportional hazards regression analyses were performed. For all regression analyses, only variables with a P<0.1 in univariate analysis were incorporated into the multivariate model, with results reported as the hazard ratio (HR) and 95% confidence interval (CI). Variables already included in the ACC/STS TAVR score were not considered separately in multivariate analysis, independent of their significance in univariate analysis. Receiver operating characteristic (ROC) curve analysis was used to evaluate the sensitivity and specificity of the CAR and its optimal cut-off value (Youden index) for predicting early mortality. Kaplan-Meier survival curves were used to depict the early survival pattern of patients who were stratified into high- and low-risk groups using the cut-off CAR score ≥15.6 in our cohort. All statistical analyses were carried out using the Statistical Package for the Social Sciences version 24.0 (IBM Corp., Armonk, NY, USA).

   

  RESULTS

  Baseline Characteristics

  The median follow-up period was 19 (7-31) months, with a maximum of 66 months. The mean age was 78.4±7.1 years and 85 (50%) patients were male. Admission diagnosis was heart failure in 122 (71.5%), angina or angina equivalent symptoms in 237 (22.0%) and presyncope or syncope in 11 (6.5%), and none of the patients suffered sudden cardiac death. Mean aortic valve area was 0.72±0.15 cm2 and the mean transvalvular gradient was 48.2±9.0 mmHg. Seventy-four (43.5%) patients had severe symptoms, defined as New York Heart Association (NYHA) class III/IV. Median ES II was 5.0 (3.4-9.9), and median TAVR score was 3.9 (2.6-5.3). Compared to surviving patients, patients who died had higher CAR values (28 [12-68] vs. 11 [7-28], P<0.01), higher basal serum CRP levels (10 [4.7-24] vs. 4.6 [3-11.6], P<0.01) and lower basal albumin levels (3.7±0.32 vs. 4±0.32, P<0.01). Detailed demographic, clinical, laboratory and echocardiographic characteristics of the population are summarised in Table 1.

  
    

    [image: Table 1]

  

  The procedure was performed using conscious sedation in 146 (85.9%) patients and general anaesthesia in 24 (14.1%) patients. Seventy-one (41.8%) patients received the PORTICO (St. Jude Medical; Minneapolis, MN, USA), 56 (32.9%) received the Edwards-SAPIEN XT (Edwards Lifesciences), 20 (11.8%) received the EVOLUTE-R (Medtronic Inc.) and 23 (13.6%) patients received other valve types, including Direct Flow and Acurate valves. Among the major VARC-2-defined procedure-related complications, 19 (11%) patients needed new pacemaker insertion, 25 (14.7%) had any VARC-2-defined major vascular injury, 41 (24.1%) experienced major bleeding and 6 (3.5%) suffered cerebrovascular accident. In addition, acute kidney injury developed in 41 patients and myocardial infarction occurred in 2 patients. None of the patients needed surgical intervention peri-TAVI or post-TAVI. Periprocedural characteristics of the study population are summarised in Table 2.
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  Parameters Associated with Mortality

  During the follow-up period, 59 patients died. Twenty (11.8%) deaths occurred within 30 days, and 39 (22.9%) in a later period (>30 days). Death was more common in male patients (P=0.04). Patients who died had higher frequencies of cerebrovascular accident (CVA, P<0.01) and NYHA class III-IV (P<0.01) than survivors. As revealed in echocardiographic examinations, left ventricular ejection fraction (LVEF) was lower in patients who died (P<0.01), whereas mean aortic valve area, mean aortic valve gradient and pulmonary artery systolic pressure were not different between the groups (P>0.05 for all). Compared to those who survived, those who died had lower eGFR and serum albumin (P<0.01 and P<0.01, respectively) and higher initial serum CRP levels and CAR values P<0.01 and P<0.01, respectively). Furthermore, ES II and TAVR score were significantly higher in patients who died than in survivors (P<0.01 and P<0.001, respectively). Additionally, pericardial tamponade, acute kidney injury and rehospitalisation due to cardiovascular conditions were more frequent in patients who died (P<0.01, P<0.01 and P=0.02, respectively). Detailed clinical, laboratory and procedural features of both groups are summarised in Tables 1 and 2.

  Independent Predictors of Early-Term Mortality

  Decreased LVEF, higher TAVR score, higher serum CRP level, hypoalbuminemia, higher CAR value and postprocedural acute kidney injury were associated with early mortality in univariate Cox regression analysis (P<0.05). To determine the independent predictors of mortality using variables that exhibited statistically significance in the univariate analysis, we performed two multivariate Cox regression analyses, as we believed that CRP and albumin alone or together would negatively affect the statistical significance of CAR in predicting early mortality. In addition, parameters such as age and NYHA class in the TVAR scoring system were not included in the regression analysis. Furthermore, ES II is mainly used in clinical practice to estimate surgical risk prior to surgical AVR and is not a TAVR-specific scoring system to stratify patients undergoing TAVR14. Thus, ES II score was not included in the multivariate regression model. On the other hand, the STS/ACC TAVR risk score, which was recently developed to predict the risk of in-hospital mortality in patients undergoing TAVR, was included in the regression analysis model. Additionally, since tamponade was observed in only a small number of patients (n=5), we did not conduct a statistical analysis for in-hospital mortality. CAR was a statistically significant predictor of mortality in model 1 (HR: 1.020, P<0.01), while CRP and albumin levels alone were not found to be independent predictors of early mortality in model 2 (P=0.20 and P=0.12, respectively). In addition, in both Cox regression analysis models, the TAVR score was found to be an independent predictor for early mortality (HR: 1.294, P<0.01 and HR: 1.331, P<0.01, respectively; Table 3). To test the predictive performance of CAR, we performed ROC curve analysis. The area under the curve for 30-day mortality was 0.73 (95% CI: 0.62-0.85, P<0.01) with a cut-off value of 15.6 (80% sensitivity, 57% specificity; Figure 1). The Kaplan-Meier curves in Figure 2 represent mortality in patients divided into low-risk (CAR <15.6) and high-risk (CAR ≥15.6) groups during the 30-day follow-up.
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  Independent Predictors of Late Mortality

  Univariate analysis revealed that decreased LVEF, higher TAVR score, higher serum CRP level, hypoalbuminemia, higher CAR value and postprocedural acute kidney injury were also associated with late mortality. Moreover, in addition to these parameters, late mortality was associated with CVA history and cardiovascular hospitalisation. Both multivariate regression analysis models (1 and 2) showed that CVA history (HR: 4.985, P<0.01 and HR: 4.738, P<0.01, respectively), higher TAVR score (HR: 1.249, P<0.01 and HR: 1.241, P<0.01, respectively), lower LVEF (HR: 0.954, P<0.01 and HR: 0.953, P<0.01, respectively) and the development of postprocedural acute kidney injury (HR: 2.240, P<0.01 and HR: 2.189, P<0.01, respectively) were independent predictors for late mortality (Table 3).

   

  DISCUSSION

  The main findings of the present study are as follows: (i) elevated baseline serum CRP and low serum albumin levels are associated with early and late mortality, but these are not predictors of short- or late-term mortality; (ii) although there is an association between short- and long-term mortality and CAR, CAR was found to be a predictor of only short-term mortality; and (iii) patients with a CAR score >15.6 points are at high risk of adverse early-term cardiovascular outcomes.

  AS is a degenerative valvular disease characterised by an inflammatory response and an active process of atherosclerosis, calcification and ossification15. TAVR is increasingly being used as an alternative to surgical AVR in the treatment of symptomatic patients with severe AS at high surgical risk or who are inoperable1. It has been suggested that AS is associated with a dynamic inflammatory process, not simply a result of ageing alone, and that increased levels of inflammatory biomarker before and after TAVR may predict outcomes in patients treated with TAVR3,4,16.

  CRP is a marker of systemic inflammation and has been proposed to be increased in patients with degenerative AS, similar to the increase found in patients with atherosclerosis17. There are also studies suggesting the prognostic importance of CRP in various cardiovascular diseases14,18 and outcomes after cardiovascular interventions such as percutaneous coronary intervention and coronary artery bypass grafting19,20. There have also been several previous studies investigating the prognostic value of CRP in patients undergoing TAVR3,5,16,21. Similar to the results of our study, Ruparelia et al.5 found that baseline CRP levels did not predict 30-day mortality in patients who underwent TAVR5. In contrast to our study, Hioki et al.16 found that high CRP on admission was significantly associated with an increased risk of all-cause mortality in the first 3 months after TAVR. However, consistent with the current study, they also demonstrated that CRP is not a predictor of long-term mortality (>6 months). Additionally, in line with our study, another study also demonstrated that baseline CRP value did not predict one-year mortality22. Overall, the results of the previous studies on the prognostic importance of CRP in predicting short- and long-term mortality in TAVR patients are conflicting3,5,7,16,22. The impact of CRP on mortality may be linked to the burden of co-morbidities (coronary artery disease, diabetes, atrial fibrillation, etc.) with chronic inflammation. Moreover, several previous studies suggested that patients with high CRP levels have more severe conditions and comorbidities such as diabetes, atrial fibrillation and vascular disease3,23. In the present study, when the patient population was evaluated in terms of comorbidities associated with chronic inflammation, no statistical difference was observed between the groups. This may be a reason why CRP does not predict short- and long-term mortality.

  Serum albumin, as a negative acute-phase reactant, is a marker of systemic inflammation and has previously been shown to be associated with an increased risk of cardiovascular disease mortality in various patient subgroups9,11,24. Moreover, as a marker of malnutrition, serum albumin is part of the frailty criteria9. In contrast to the current study, several previous studies proposed that preprocedural serum albumin level was independently associated with mortality in patients who underwent TAVR. In addition, we know that serum albumin levels are influenced by vascular injury, renal injury, and levels of various cytokines. It also has an important role in controlling serum electrolyte levels and has antioxidant effects. Additionally, it can interact with free fatty acids and steroid hormones25. Due to these various functions, beyond its being a marker associated with mortality, it is very difficult to determine the direct relationship between serum albumin level and mortality and/or the exact mechanism of this relationship.

  First described by Fairclough et al.10, CAR has been reported to have a favourable prognostic value in elderly patients with acute exacerbations of chronic disease and is a better predictor of long-term mortality in intensive care unit patients than CRP levels alone. It has also been suggested that it is more valuable than either serum CRP or albumin level alone in predicting the inflammatory status and prognosis in various clinical conditions10,11. Adverse clinical events are more prominently seen in the chronic inflammatory state in various clinical conditions10,12. Literature data reveal that increased inflammation is harmful for the heart endothelium and valve tissue, as seen in coronary atherosclerosis. Therefore, cardiac valvular degeneration can be seen more distinctly, and its progression and prognosis can be worse. A higher inflammatory state is also associated with an increased risk of mortality even if the valvular disease is treated. Recently, in a study by Kahraman et al.12, an elevated baseline CAR level was found to be associated with increased mortality rates in patients with isolated severe degenerative AS after surgical AVR. The authors also observed a higher rate of rehospitalisation due to cardiovascular causes in patients with increased CAR. To the best of our knowledge, this is the first study to verify the clinical importance of a high CAR on admission for early mortality after TAVR. Since acute-phase reactants do not exhibit similar responses for each inflammatory status, inflammation-based prognostic scores were found to provide more stable regulation. CAR contains both CRP and albumin parameters and reflects not only the proinflammatory state, but also nutritional status. As a prognostic score, this combination also provides stability between fluctuating CRP and albumin levels in diseases in which inflammation plays an important role. As a result, the combination of albumin and CRP in a single index may be more valuable than either measure alone and provide both inflammatory and nutritional information.

  Limitations

  Our study has some limitations that should be noted. First, this study employed a retrospective design, had a relatively small sample size and relied on the experience at a single centre. Since our patient number was relatively small, this study may be underpowered to detect the predictive value of CAR on long-term mortality. Second, we measured only baseline CRP and albumin levels on admission, and changes that would be observed by serial measurements may have an additional predictive value. Third, we did not observe an association between the baseline CAR value and the major adverse events, such as pacemaker requirement, major vascular complications and cerebrovascular accident. Finally, the unknown aetiology of mortality was another important limitation in the study group due to the retrospective analysis of follow-up visits.

   

  CONCLUSION

  Our findings suggest an independent role of CAR in early mortality in patients with isolated severe degenerative AS after TAVR beyond conventional inflammatory markers. From a clinical standpoint, we think that preoperative CAR is an easy, inexpensive and promising predictive inflammatory parameter and may be a part of the cardiovascular examination to identify high-risk individuals for the TVAR procedure. CAR could assist clinicians in their decision-making and may advise individual patients of their risk due to its ability to predict early mortality in patients undergoing TAVR. However, to evaluate the predictive value of CAR, and especially its prognostic value in patients who underwent TAVR, large-scale and prospective studies are still required.
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    ABSTRACT

    INTRODUCTION: Aortic valve bioprostheses ring fracture in valve-in-valve procedures has shown low complication rates and presents as an option in the treatment of patients at high risk for conventional surgery, avoiding high transvalvular gradients, which are associated with increased mortality. Some prostheses available in the market cannot be fractured. In an ex vivo test, the possibility of ring fracture of aortic valve bioprostheses produced in Brazil when submitted to radial force application using a high-pressure non-compliant balloon was evaluated.

    METHODS: One unit of each aortic valve bioprosthesis model, sizes 19 and 21 mm, produced by Brazilian companies (Braile Biomédica, Cardioprótese, and Labcor), was used. In the experiment, a non-compliant high-pressure balloon (Atlas®-Gold), 1 mm larger than the external diameter of the prosthesis, was positioned inside the valve annulus and inflated gradually aiming to fracture the prosthesis. Fracture pressures and photographic and radiological images of the prostheses before and after test were recorded.

    RESULTS: All prostheses were fractured. In the models with metal ring, the fracture pressures were between 23 and 25 atm. In the other prostheses, the rupture occurred between 10 and 13 atm. No deformations in the structure were observed, which could potentially damage the aortic root.

    CONCLUSION: All the Brazilian prostheses evaluated were fractured, although the presence of a metal ring in the prosthesis framework increases the pressure required for fracture. The information obtained helps in the planning of valve-in-valve procedures in patients with aortic valve bioprostheses.

    Keywords: Aortic Valve; Transcatheter Aortic Valve; Cardiovascular Diseases; Bioprosthesis; Balloon Valvuloplasty.
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  INTRODUCTION

  Transcatheter aortic valve implantation (TAVI) emerged in 2002 as a minimally invasive treatment of native aortic valve stenosis in patients at high surgical risk for conventional open surgery1. The adaptation of this technique, performing the implantation of a transcatheter prosthesis inside a bioprosthesis, became known as valve-in-valve (VIV) procedure and allows the treatment of patients with bioprosthetic valve dysfunction, commonly observed about 10 years after implantation2,3.

  VIV procedures frequently result in reduced effective orifice area and prosthesis-patient mismatch, especially when implanted in small bioprosthetic valves (sizes 19-21 mm)4. When the post- TAVI gradient is > 20 mmHg, it is related to increased mortality in one year after the procedure5. Bioprosthetic ring fracture using a transcatheter non-compliant high-pressure balloon may increase the valve diameter and therefore its effective orifice area, reducing the gradient without related annular or aortic root rupture, coronary occlusion, or need for pacemaker. In a series with 75 cases submitted to this technique, only two patients presented transcatheter prosthesis insufficiency, resolved with the implantation of a new transcatheter valve6-8.

  Due to the great variety of bioprostheses available in the market, with different types of structures, some ex vivo tests have evaluated the possibility of ring fracture and the pressure required for it, if it occurs9. However, these studies did not include prostheses produced in Brazil. The resulting information is of great importance in the preoperative evaluation of VIV procedures, since some brands do not suffer fractures or may require too high pressures.

   

  METHODS

  The experiment was approved by the ethical committee of the Universidade Federal de São Paulo (number 2686290917). According to the Agência Nacional de Vigilância Sanitária (or Anvisa) electronic query system10, three Brazilian industries currently produce aortic bioprostheses: Braile Biomédica, Cardioprótese, and Labcor. The experiment was based on the original description of the technique11 and used one model of each bioprosthesis of nominal sizes 19 and 21 mm (external diameter) of each company. Also, Atlas Gold PTA balloons (Bard Peripheral Vascular Inc.) of 20- and 22-mm diameters were used, aiming a diameter 1 mm larger than the external diameter of the prosthesis to which it was intended. The balloon was introduced in the prosthesis to be fractured, and the balloon insufflation line was connected to one of the paths of a three-way stopcock. The other two paths were connected to an insufflator and a 60-ml capacity syringe, both filled with 0.9% saline solution.

  With the stopcock path open to the syringe, the balloon was inflated manually until resistance was reached. Then, the stopcock was opened for the inflator line and the inflation proceeded. Prosthetic ring fracture was characterized by an abrupt drop in the pressure recorded on the inflator manometer, often accompanied by a characteristic high-pitched sound. The pressure at the time of fracture was recorded. Photographs and radiographs (superior-inferior projection) were taken to compare the appearance of the structure before and after the maneuver. Finally, the lining of the prosthesis rings was removed for evaluation and photographic documentation.

   

  RESULTS

  In the experiments performed, all the prostheses were fractured at the first attempt, except the 19-mm Braile prosthesis, which required two attempts with a 20-mm balloon, because the first balloon was ruptured around 24 atm. The ring fracture with the second balloon occurred at 25 atm. It was observed that the pressure required for fracture of the prostheses produced by Braile, with metallic rings, was higher than the breaking pressure of the other models (Table 1).
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  The photographs and radiographs before the test allow the identification of the metallic ring in the models manufactured by Braile (Figures 1 and 2). After fracture, in all prostheses it was possible to evidence the site of the ring discontinuity, characterized by local deformity, which was more evident in the model with metallic ring (Figures 3 to 6).
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  A slight deformity in the ring structure was identified on palpation, keeping the Dacron reinforcement intact; no spicules were observed. After removing the Dacron lining and exposing the fracture site, linear discontinuity of the ring and absence of fragments were observed.

   

  DISCUSSION

  In the present work it was evaluated - for the first time in an ex vivo test - the possibility of ring fracture of aortic bioprostheses manufactured in Brazil, when submitted to radial force by a high-pressure non-compliant balloon.

  In VIV procedures, the use of strategies that reduce the postoperative transvalvular gradient aiming at values < 20 mmHg have an impact on symptom improvement, prosthesis durability, and mortality reduction5. The knowledge of the size of the dysfunctional prosthesis that receives the transcatheter prosthesis inside is part of the surgical planning, as well as the knowledge about the possibility of fracture in case of high postoperative gradient.

  In several studies with ex vivo tests for ring fracture of bioprostheses9,11,12, it was observed that the presence of metallic reinforcement in some models of prostheses made them unbreakable (e.g., St. Jude Trifecta and Medtronic Hancock II) or demanded a greater pressure for fracture. Because of this, in patients who need small-sized surgical prostheses (19 or 21 mm), if it is not possible to perform an aortic annulus enlargement technique, it should be considered to avoid the implantation of valves with metallic reinforcement, which may be difficult or impossible to fracture during VIV procedures.

  Limitations

  Since the main objective of this study was to check the feasibility of bioprotheses ring fracture, its main limitations are the number of valves studied, with lack of valves with higher diameters (such as 23 mm), which were left out of this work because they generally do not course with severe mismatch (usually presented on the 19-21-mm valves). Ideally, further tests could be done with more valves for every size number of each different valve manufacturer, that would enable a statistical analysis which would give more credibility to the present findings. Besides that, the pressure values observed for a bench fracture may not correspond to the in vivo maneuver due to in vivo factors that may interfere with the prosthesis resistance, such as the mechanical stress accumulated over time that would reduce the resistance, or the scar tissue that could increase it. Interestingly, in a study that evaluated the fracture maneuver in 20 patients using Magna® model bioprostheses, the pressure needed to break it in vivo was on average 10 atm lower than the pressure in the bench study, while in the Mosaic® model the pressure needed for fracture in vivo was on average 5 atm higher than in the bench test7,9. Therefore, new studies must be addressed to determine the mean pressure required for the in vivo fracture, with different valve sizes and models.

  Regarding the industry, the demonstration that the metal ring inside these valves makes their fracture more difficult creates the necessity of thinking about new solutions for reducing the breaking pressure in these procedures, especially in these smaller prostheses, thus increasing the possibilities of treating patients without other therapeutic options. Some recent models of bioprostheses have been developed to increase the orifice area in VIV implants by sliding a portion of its ring, thus allowing its remodeling, if necessary13.

  The absence of projections of sharp materials or fragmentation of the polymeric framework of the prosthesis reduces the chances of complications resulting from the prosthesis rupture, which in the clinical application of the technique could lead to aortic root lesions or embolic phenomena.

  In the experiments, the prostheses studied were photographed and radiographed. The images obtained (Figures 1 to 6) may serve as a reference to identify the model and assess the presence of metallic reinforcement, information of fundamental importance in planning VIV procedures.

   

  CONCLUSION

  The present study revealed that the aortic bioprostheses produced by Brazilian companies, in a bench test, can be fractured using a non-compliant high-pressure balloon. However, this result does not allow the recommendation of the technique of ring fracture of bioprostheses in humans, and new studies must be done to warrant its security in vivo. The information obtained could assist in the planning of valve ring fracture in VIV procedures in patients with aortic valve bioprostheses.
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    ABSTRACT

    INTRODUCTION: Functional tricuspid regurgitation (TR) is known to complicate adult atrial septal defect (ASD), but its management is still under debate. We reviewed our experience in ASD surgery, focusing on associated functional TR and its treatment.

    METHODS: This retrospective study (2005-2019) included 206 consecutive adult ASD surgical cases without associated valve pathology, except functional TR. Variables were statistically compared on TR classes and surgery-defined groups.

    RESULTS: Mean age of the patients was 40.3±13 years; 19.9% had sinus venosus syndrome. TR severity was directly related to age, pulmonary systolic pressure, right ventricular and tricuspid annulus diameters, and heart failure class. TR ≥ 2 was found in 134 (65%) patients, while TR ≥ 3 in 56 (27.2%) patients. Tricuspid surgery was associated to shunt closure in 66 (32%) patients, almost all through valve repair; indication was directly related to age, right ventricular and tricuspid annulus diameters, and heart failure class ≥ 3. Tricuspid surgery was more efficient than isolated shunt closure in decreasing TR (79±23% vs. 36±26%; P=1.8 E-18). Device closure availability (last four years of the study) was associated with 1/3 reduction of surgical cases but increased the share of cases with TR>2 (> 51% vs. < 31%; P<0.05).

    CONCLUSION: In the era of device closure, surgery for adult ASD is less frequent, but the share of significant TR cases is in net increase. To avoid long-term postoperative TR, we plead for valve repair in all patients with severe TR and for considering repair in moderate TR at risk of persistence.

    Keywords: Atrial Heart Septal Defects; Tricuspid Valve Insufficiency; Adult; Cardiac Surgical Procedures; Decision Making.
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  INTRODUCTION

  Atrial septal defect (ASD) in adult patients is frequently complicated by functional tricuspid regurgitation (TR) due to right ventricular (RV) remodeling and tricuspid annulus dilation secondary to chronic RV volume overload. While for the management of significant functional TR associated with left heart disease there is a large consensus regarding simultaneous tricuspid valve repair (TVR) at the time of left-sided surgery, attitude toward TR associated with ASD is still under debate.

  In the current era, adult patients with ASD are subject to interventional device closure or to surgical repair, both with good reported results. The respective populations can hardly be considered similar as interventional treatment is not applied to patients with defects “too large for device”, nor in those without adequate rim, neither in cases with associated partial anomalous pulmonary venous connection (PAPVC) or in atrioventricular septal defects; furthermore, there is a potential referral bias toward surgery in patients with severe TR and extreme right heart dilation1.

  The objectives of this study are to review our experience in the surgical repair of ASD and/or PAPVC, to outline the results and indications of surgery for functional TR in the management of ASD, and to study the impact of interventional closure of ASD on the surgical practice for the disease.

   

  METHODS

  This retrospective study included 206 consecutive cases of adult (≥ 18 years old) ASD and/or PAPVC, operated between 2005 and 2019; as we studied the management of functional TR secondary to supraventricular shunts, patients with associated indication of mitral valve surgery (including atrioventricular septal defect), with Ebstein disease, or with significant aortic or pulmonary valve disease were excluded; redo surgical cases were also not included.

  At admission, each patient gave his/her consent for the use of his/her medical data for scientific purposes. The study was approved by the Institutional Ethics Committee of our hospital (No.32194/2019).

  Data collection was performed on a Microsoft Excel 2010 database. For each patient, the following variables were recorded: age, sex, type of disease (ASD/PAPVC), operation date, surgical technique, New York Heart Association (NYHA) heart failure class at admission, preoperative associated disorders (atrial fibrillation, coronary disease), name of the surgeon, transthoracic echocardiographic data (ASD diameter, preoperative and postoperative RV end-diastolic diameter [RVEDD] measured in apical four-chamber view, tricuspid annulus diameter [TAD], preoperative and at discharge degree of TR, left ventricular ejection fraction [LVEF], and estimated pulmonary artery systolic pressure [PASP]), the ratio between pulmonary and systemic output (if available), postoperative events (in-hospital complications, death), and length of in-hospital stay.

  Through two-dimensional and Doppler echocardiography, TR was graded qualitatively and quantitatively as mild, moderate, severe, and massive (1 to 4, respectively), with vena contracta and effective regurgitant orifice area cutoff values between TR classes set at 3, 7, and 13 mm and 20, 40, and 60 mm2, respectively; intermediate values found in collected data were noted accordingly (TR 2-3 = 2.5). Differences between preoperative and postoperative values of TR grade and of RVEDD were calculated for each case and named “TR variation” (∆TR) and “RVEDD variation”, respectively. Percentage expression of ∆TR from preoperative TR grade was noted as %∆TR (percentage of TR decrease).

  We compared clinical data and operative results on subgroups defined by:

  
    a. Different degrees of TR (no/mild, moderate, more than moderate).

    b. In cases with preoperative TR ≥ 2, we compared patients with additional tricuspid valve (TV) surgery to those with shunt closure only.

    c. Patients operated on between 2005 and 2015 (when device closure was sporadic) were compared to those treated after 2016 (when percutaneous closure became available).

  Clinical characteristics and echocardiographic parameters were compared using the Student’s t-test, Mann-Whitney U test, and one-way analysis of variance for continuous variables, and χ2 test (2×2 or 3×2) for dichotomous variables. Calculation was performed using Social Science Statistics online calculator (www.socscistatistics.com) and the embedded statistical functions in Microsoft Excel.

   

  RESULTS

  The study group included 206 cases, mean age 40.3±13 years (extremes 18 and 76 years), and it showed female sex dominance (138/68 ≈ 2:1). One hundred sixty-five of these patients had isolated ASD, and 41 had PAPVC. In the latter group, the anomalous pulmonary veins drained to the superior vena cava in 36 patients (87.8%) and to the right atrium in all other cases. At admission, most patients (71.8%) were in NYHA class II, 32 (15.5%) had a history of atrial fibrillation, six had coronary artery disease requiring revascularization (≈ 3%), and two had pulmonary artery aneurysm with surgical indication (≈ 1%). All operations were performed through median sternotomy, with cardiopulmonary bypass, using cold hyperkalemic blood cardioplegia. The ASD was closed with a pericardial patch in 97.6% (n=201) of the cases. The pericardial baffle technique was employed for PAPVC repair; patch enlargement of the superior cavoatrial junction was associated in 36 (87.8%) of PAPVC cases.

  Concomitant TV surgery was performed in 66 patients (32%), consisting almost entirely of TVR (65 cases). Rigid ring annuloplasty (Edwards-MC3®, Carpentier-Edwards Physio® and Classic®) was the preferred technique (n=36); flexible rings (n=8), DeVega procedure (n=9), and Kay repair (n=12) were also employed. In severe TV tethering, pericardial patch augmentation of the anterior cusp was performed (n=3). Operations were done by 12 different surgeons, with an unequal burden of cases (1% to 50%). The decision to perform TVR was left to the surgeon.

  Statistical data of the whole adult ASD/PAPVC population is shown in Table 1. The mean preoperative TR grade was 2±1, and TV surgery was performed in 32% of the patients. Postoperative results were good; 37 (18%) patients had complications (mostly of benign nature); half of them were rhythm disorders. There was one in-hospital death caused by biventricular failure followed by multiple organ failure in a 39-year-old male with a history of severe alcohol addiction.
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  Behavior of the studied variables was compared in subgroups defined by TR degree (no/mild, moderate, and more than moderate TR) (see Table 2); in only 6.3% of the patients, there was no TR. TR severity had a significant direct relation to age, PASP, TAD, and RVEDD; it was also significantly related to NYHA class ≥ III and to lower LVEF — which is probably explained by ventricular interaction in the context of RV dilation.
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  We performed TV surgery in 32% of our ASD/PAPVC adult population. It was indicated in all patients with TR grade > 3 (n=13), in 31 of 43 (72.1%) patients with TR grade = 3, 10 of 16 (62.5%) patients with TR grade = 2.5, in 12 of 62 (19.4%) patients with TR grade = 2, and in none of the 72 patients with TR grade < 2.

  We further focused on the 134 patients with TR ≥ 2, in which we compared the cases with tricuspid surgery (n=66) to those treated only by shunt closure (n=68) (see Table 3); we have not included in this comparison patients with no/mild TR in which the decision to refrain from TVR was indisputable.
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  TV surgery was applied to significantly older patients, more frequently in NYHA class ≥ III, with larger preoperative RVEDD and TAD. TV surgery had a highly significant impact on TR grade, decreasing it from 2.92±0.6 (preoperatively) to 0.62±0.68 (prior to hospital discharge), i.e., almost 80% of the initial value (79±23%). Patients with isolated ASD closure had also a decrease in TR grade (from 2.22±0.4 to 1.42±0.6), but its magnitude was only 36±26% of the preoperative value. TV surgery was highly more effective than shunt closure alone in decreasing functional TR (≥ 2/4) (P=1.8 E-18).

  We compared the ∆TR recorded in patients with TV surgery or with shunt closure only on subgroups defined by preoperative TR grade (Table 4). In patients with TR ≥ 2, %∆TR was not related to the level of preoperative TR; patients treated through isolated shunt closure with TR = 2 had almost the same %∆TR as those with TR > 2 (≈ 36%), while in those subject to TV surgery, the magnitude was non-significantly different (Mann-Whitney U test). Both in patients with TR = 2 or TR > 2, TV surgery brought a more than double %∆TR compared to shunt closure alone.
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  TR grade at discharge was ≥ 2 in 29 patients; most of them had not undergone TV surgery (n=24; 82.8%). Without TVR, the risk of moderate or greater TR at discharge was 26% (13/50) in patients with preoperative TR = 2 and 55.5% (10/18) in those with preoperative TR > 2 (P<0.05); with TV surgery, the same risks were 0 and 9.3% (5/54), respectively.

  Trying to evaluate the impact of ASD device closure on surgical practice, we compared patients operated on before 2016 (when percutaneous treatment became a current procedure) to those surgically treated after this date (Table 5). As expected, we found a significant decrease in the burden of surgical cases/year (to approximatively 2/3 of the pre-device value). The patients’ clinical profile changed in the period of device-closure availability; surgical patients were older, had larger ASD diameter (28.4 mm vs. 23.2 mm), higher TR grade (2.4±1.1 vs. 1.9±0.9), larger preoperative RVEDD and TAD, and lower LVEF. TR ≥ 2 was more frequently found at operation in the post-device period (51.2%), compared to the former time (30.9%) (P<0.05); consequently, a significantly higher share of cases became subject to TV surgery (61% vs. 24.8%) (χ2; P<0.00001).
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  DISCUSSION

  Functional TR due to tricuspid annulus dilation and RV remodeling secondary to long-standing right heart volume overload is a well-known complication in the natural history of adult ASD; it further contributes to heart failure aggravation. Incidence and severity of functional TR, in these patients, increased with age and pulmonary hypertension2.

  TR is frequently associated with adult ASD, this is proven by the fact that almost all (93.7%) of our patients had some degree of TR: mild or less (< 2), moderate (= 2), and more than moderate (> 2); size of these classes amounted to approximately 35%, 30%, and 35%, respectively; another study had found TR ≥ 2 in adult ASD even more frequently (75%3, instead of the 65% noted by us).

  Today we are facing an increasing proportion of patients with significant functional TR among surgically treated adult ASD. This may be due to an increase in the surgical referral of patients who were denied device closure (including the “too large for device” cases) and also of those with severe functional TR1. In the overall group, we found 35% with more than moderate TR (> 2); this proportion had increased over time — from 30.9%, when device closure was not a current option, to 51.2%, in the device closure era. Consequently, the incidence of TV surgery associated to adult ASD repair also witnessed a sharp increase after the introduction of device closure (up to 61%, in our study).

  While in the current era the ratio of patients with significant TR among ASD/PAPVC surgical cases may exceed 50%, the management of functional TR associated with adult supraventricular shunt cases is still under debate. As specific guidelines on the subject are lacking, surgical decision is mainly based on (sometimes contradictory) information from three types of studies: a) extrapolation of abundant evidence concerning functional TR associated with left-sided heart disease; b) a few surgical studies on TR occurring in adult congenital heart disease with RV volume overload (ASD, PAPVC, or long-standing pulmonary regurgitation); and c) studies of residual TR after percutaneous closure of ASD.

  In functional TR complicating left-sided heart disease, there is clear recommendation in favor of TVR simultaneous to left heart surgery: in severe TR (Class I), in mild to moderate TR with TAD ≥ 40 mm (or ≥ 21 mm/m2) (Class IIa), and in mild/moderate TR with recent right heart failure (Class IIb)4-7. Some authors extend these criteria for TVR in functional TR to any case of simultaneous cardiac surgery, thus, to ASD/PAPVC, as well8. Only recently the American College of Cardiology/American Heart Association 2018 Guidelines included a statement concerning this matter: “Concomitant tricuspid annuloplasty can be of benefit in patients with moderate or more TR, as the additional volume load may adversely affect RV remodeling”9.

  Even if there are pathogenic differences between functional TR occurring in left heart disease and that met in supraventricular shunts, many surgeons (including most of our group) applied a similar attitude in both settings. This approach has been described by various authors. Jeong10 used the same TVR indications for mitral valve and ASD-related functional TR (TR ≥ 1 with annular dilatation or PASP > 50 mmHg with annular dilatation, irrespective of the TR grade). Similarly, Giamberti et al.11 reported associated TV surgery in 11% of their adult ASD population; they recommend TVR in all ASD with moderate or severe TR and also when TAD > 40 mm regardless the degree of TR (as Dreyfus suggested for functional TR associated with mitral valve disease12). Another group performed TVR only in cases with TR ≥ 3 (22.9%)13.

  On the other hand, some studies have shown that isolated ASD closure promotes the reverse remodeling of the right heart and reduces the magnitude of associated TR2. The beneficial effect of defect closure would continue during the first year after the procedure; with this argument, some plead for transcatheter closure in cases with severe TR14,15 and others advocate against TVR even in surgical cases of ASD with severe TR16 (attitude to which our results firmly oppose).

  However, most studies noted that a significant part of the patients with moderate or severe TR remain with persistent TR after transcatheter ASD closure: 30%14 to 50%2,17 or even 56%18. In our 68 patients with preoperative TR ≥ 2 treated without TV surgery (a group consisting mostly of cases with moderate regurgitation: mean preoperative TR = 2.2±0.4), we found persistence of TR ≥ 2 in 23 cases (33.8%). In our isolated closure patients, a preoperative TR > 2 was associated with a more than double risk of a postoperative TR ≥ 2, when compared to the preoperative TR = 2 cases. This pleads for systematic TVR in cases with preoperative TR > 2.

  Various factors have been shown to be associated with TR persistence after ASD closure without TVR: increased age and PASP > 60 mmHg2,19; larger right ventricle, more severe preoperative TR, larger TAD and tenting area (TAD > 35 mm and tricuspid septal leaflet angle > 30° being highly predictive of persistent TR)17; permanent atrial fibrillation14; age ≥ 60 years, right atrial end-diastolic area ≥ 10 cm2/m2, RV systolic pressure ≥ 44 mmHg, and tricuspid annular plane systolic excursion ≤ 2.3 cm18. Consequently, the medical decision should lean toward performing TVR not only in cases with massive or severe TR (TR ≥ 3), but also in moderate-severe cases (3 > TR ≥ 2) proven to have some of the abovementioned risk factors.

  The effectiveness of TVR associated with ASD closure is proven by the 79±23% reduction of TR grade found in our TV surgery group, while isolated ASD closure patients showed only a 36±26% TR grade reduction. It is also interesting that the percentage of decrease of TR in isolated closures was almost the same in patients with moderate and more than moderate TR.

  Late TR worsening after mitral surgery without associated TVR is a well-known event. Less is known about the fate of TR after ASD closure and whether a similar late clinical course occurs. However, significant TR late after adult age operation was noticed (some even reported isolated tricuspid surgery in patients with previous ASD closure)20. It was also shown that TVR associated with ASD closure increased freedom from significant TR late after operation13. In a heterogeneous adult congenital heart disease group, moderate or greater TR was associated with increased long-term risks (death, heart transplant, or reoperation)21. Nonetheless, patients with severe TR were proven to have exercise intolerance22, and even mild TR late after ASD closure was associated with a reduced functional capacity23.

  Corroborating all of this evidence from the literature with our results, it is reasonable to believe that in an adult ASD, one should aim at leaving the operating room with a TR < 2, which means performing TVR in all cases with severe TR and probably also in patients with moderate TR having risk factors for postoperative persistence of TR (age ≥ 60 years, PASP > 50 mmHg, TAD > 40 mm, and tricuspid septal leaflet angle > 30°).

  Limitations

  Limitations of our study are related to its retrospective nature and to the lack of follow-up.

   

  CONCLUSION

  In the era of percutaneous device closure, surgery for adult ASD/PAPVC is decreasing in volume, but the proportion of more severe cases, with significant TR, is in net increase (exceeding 50%). Patients showed some decrease in TR after isolated closure of ASD (36±26% of the initial TR grade), but results were significantly better in cases with associated TV surgery (79±23% decrease of TR). We plead for systematic TVR in severe TR associated with supraventricular shunts, and for considering TVR in moderate TR with risk factors of persistence. Large follow-up studies on this matter are still required. Until proven otherwise, extending the aortic cross-clamping time by 10-15 minutes is a small price to pay for the benefit of a long-standing competence of the TV.
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    ABSTRACT

    INTRODUCTION: In patients undergoing coronary artery bypass grafting (CABG), stroke is a major complication that increases morbidity and mortality. The presence of carotid stenosis (CS) increases risk of stroke, and the optimal treatment remains uncertain due to the lack of randomized clinical trials. The aim of this study is to compare three management approaches to CS in patients submitted to CABG.

    METHODS: From 2005 to 2015, 79 consecutive patients with significant CS submitted to CABG were retrospectively evaluated. Patients were divided in three groups, according to CS treatment: 17 underwent staged carotid endarterectomy (CEA)-CABG, 26 underwent synchronous CEA-CABG, and 36 underwent isolated CABG without carotid intervention. The primary outcomes were composed by 30-day postoperative acute myocardial infarction (MI), 30-day postoperative stroke, and death due to all causes during the follow-up.

    RESULTS: Patients were evaluated during an average 2.05 years (95% confidence interval = 1.51-2.60) of follow-up. Major adverse cardiac events, including death, postoperative MI, and postoperative stroke, occurred in 76.5% of the staged group, 34.6% of the synchronous group, and 33.3% of the isolated CABG group (P=0.007). As for MI, the rates were 29.4%, 3.85%, and 11.1% (P=0.045), respectively. There was no statistically significant difference in total mortality rates (35.3%, 30.8%, and 25.0%, respectively; P=0,72) and stroke (29.4%, 7.7%, and 8.3%, respectively; P=0,064) between groups.

    CONCLUSION: Staged CEA-CABG is associated with higher major adverse cardiac events and MI rate when compared to the strategy of synchronous and isolated CABG, but without statistically difference in total mortality during the entire follow-up.

    Keywords: Carotid Stenosis; Coronary Artery Bypass/surgery; Stroke; Carotid Endarterectomy; Coronary Artery Disease; Morbidity.
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  INTRODUCTION

  Among patients with coronary artery disease, simultaneous carotid obstruction may occur in up to 22% of the cases1,2. Perioperative stroke is a severe coronary artery bypass grafting (CABG) complication with an incidence ranging from 0.8 to 5.2%3,4, being strongly related to the degree of the carotid stenosis (CS)5-7 and tripling cardiac surgery mortality8. Several factors contribute to its occurrence such as age, diabetes mellitus, smoking, aortic calcification, atrial fibrillation (AF), cardiopulmonary bypass (on-pump time), and pre-existence of carotid artery disease9-13.

  Also, in 60% of these patients there is no relationship between the ischemia site and the carotid obstruction territory, and 76% of strokes occur in patients without significant CS14,15.

  In the lack of randomized clinical trials, there is no conclusive data to establish the best approach to patients with CS undergoing CABG16-21.

  In this study, we present the results of the Instituto Nacional de Cardiologia (or INC), a fourth level hospital and reference of the Brazilian Health Ministry to cardiac surgery, for the management of patients with concomitant CS referred to CABG.

   

  METHODS

  Study Population

  In a retrospective, observational, and cohort type study, consecutive, non-selected patients with CS — defined as ≥ 70% unilateral or ≥ 50 bilateral obstruction, with or without prior neurological symptoms — were evaluated by carotid artery ultrasound and submitted to CABG, from January 2005 to December 2015. Patients with concurrent indication for valve or aortic repair or previously submitted to cardiac surgery have been excluded from this study.

  Ethics Approval and Consent to Participate

  This study was approved by the hospital’s Ethics Committee (23615413.0.0000.5272). All the procedures in this study were in accordance with the 1975 Helsinki Declaration, updated in 2013. Informed consent was obtained from all participants included in the study.

  Patients’ Management

  According to the institutional protocol, the search for CS during the preoperative period is routinely performed with carotid artery ultrasound in patients aged ≥ 65 years, as well as for the presence of left main coronary artery disease, peripheral artery disease (PAD), carotid bruit on physical examination, or prior history of neurologic events such as stroke or transient ischemic attack. When a considerable CS is detected, all patients are submitted to further carotid arteriography for confirmation and better analysis. CS management was decided at the discretion of a multidisciplinary team composed of clinical cardiologists, neurologist, and cardiac and vascular surgeons, in three possible ways: staged, when carotid endarterectomy (CEA) was performed in the same hospitalization, however prior to CABG; synchronous, when CEA and CABG were performed at the same surgical time; and isolated, when CABG was performed without carotid intervention. Carotid interventions were performed by vascular surgeons and coronary revascularizations by cardiac surgeons. The European System for Cardiac Operative Risk Evaluation (EuroSCORE) I was used to assess the preoperative risk.

  End Point

  The primary outcome was defined by the occurrence of postoperative stroke, postoperative myocardial infarction (MI), and death due to all cause during the entire follow-up period. Postoperative stroke was defined as a new or worsening focal neurological event that persisted for > 24 hours during the hospitalization period. Postoperative MI was defined by an elevation of cardiac biomarkers (creatine kinase-myocardial band or troponin) > 5 times the 99th percentile upper reference limit plus either new pathological Q waves in the electrocardiogram, or imaging evidence of a new loss of viable myocardium, or angiographically documented new graft or native coronary artery occlusion during the hospitalization period.

  Data Collection

  The computerized database of the Coronary Artery Department was queried to identify all patients included on this trial. Preoperative, intraoperative, and postoperative clinical data were obtained through hospital chart review and telephone calls were made to collect vital status at the end of the follow-up.

  Statistical Analysis

  Statistical analyses were performed using the Stata program software v. 14.2 (StataCorp LLC). The differences between groups were evaluated using the one-way analysis of variance test for continuous variables and the Fisher’s exact test and Chi-squared test for binary category variables. Long-term outcomes data were analyzed using the Kaplan-Meier method (Figure 1) and log-rank test. Logistic regression was used for univariate and multivariate analysis. All P-values were two sided, with P<0.05 considered as significant.
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  RESULTS

  Patient Recruitment and Baseline Characteristics

  During the pre-specified period, 79 patients with relevant CS and submitted to CABG have been followed by an average period of 2.05 years (95% confidence interval = 1,51-2,60). Of these patients, 17 underwent staged CEA-CABG, 26 underwent synchronous CEA-CABG, and 36 underwent isolated CABG (Figure 2).
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  There were no significant differences in preoperative clinical variables among the three groups regarding age, gender, diabetes mellitus, on-pump time, off-pump CABG, creatinine clearance, and ejection fraction, except for the higher rate of previous AF on the staged group. Also, carotid and coronary angiographic characteristics were not statistically different among the assigned groups (Table 1).
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  The synchronous group presented a higher EuroSCORE I risk when compared to the staged and isolated surgery groups. The isolated group had higher rate of prior cerebrovascular events, followed by the synchronous and staged surgery groups. Despite not being statistically significant, PAD was most common in the synchronous group, followed by the staged and isolated groups.

  End Points

  During the follow-up, the primary outcome occurred in 13 of the 17 patients assigned for the staged group, nine of 26 patients assigned for synchronous surgery, and 12 of 36 patients for isolated CABG (Table 2).
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  In an individual outcome analysis, MI incidence was significantly higher in the staged group, followed by the isolated and the synchronous surgery groups. Although not statistically significant, stroke incidence was far more frequent in the staged group in comparison with the isolated and synchronous CABG groups. It is important to notice that the staged group also presented higher prevalence of previous AF. All-cause mortality did not differ between the staged, isolated, and synchronous groups during the follow-up, as well as the rate of postoperative AF (Table 2).

   

  DISCUSSION

  Our study showed that staged carotid and cardiac surgery presents a higher rate of composed outcomes, mainly at the expense of MI, when compared to the synchronous and isolated groups, but no significant difference was seen in all-cause mortality between all groups during the 2.05 years of follow-up.

  In a retrospective and non-randomized study, Shishebor et al.17 showed that the compound outcome of death, MI, and stroke was higher in the staged group, at the expense of an MI rate 50 times higher when compared to the synchronous strategy (24% vs. 0.51%; P<0.001), but without one-year mortality difference, a similar result to ours.

  Another observational databased study by Gopaldas et al.22 with more than 22,000 patients presented similar results, with a higher cardiovascular complication rate (odds ratio 1.51, P<0.001) in the staged vs. synchronous group, but without mortality difference. An interesting analysis is that cardiac complications were higher when the staged approach was initiated by CEA (15.1% vs. 10.4%, P<0.001), whereas neurological complications were more pronounced when CABG was made first (7.1% vs. 3.1%, P<0.001).

  But conflicting results exist. A meta-analysis by Chan et al.23 involving only observational studies and developed on the last three decades showed that the staged group performed better with fewer strokes, when compared to synchronous CABG-CEA (2.8% vs. 3.6%, P<0.001). In accordance with the present study, there was no difference on mortality after an one-year follow-up (2.22% vs. 12.0%, P=0.33).

  As most of the trials are observational and non-randomized, single-center and with relatively small sample size, the heterogeneity of the results may in part be explained by local surgical expertise and patient selection, as both CABG and CEA are highly complex procedures.

  Usually, indications for CABG apply to patients with high-risk clinical findings such as severe coronary artery stenosis, moderate to severe ischemia, and/or uncontrolled angina symptoms. Thus, preoperative assessment will categorize those patients on such a high-risk profile that they wouldn’t be recommended to be submitted to any other interventions rather than myocardial revascularization. As CEA is considered a procedure of intermediate to high risk, it naturally exposes those patients to an elevated perioperative MI risk, justifying the results found on the staged group.

  The interstaged period between CEA and CABG is challenging, as MI risk can affect 18.7% of those patients24. Using the synchronous approach, simultaneous revascularization may provide an ischemic protection effect for both coronary and carotid beds17.

  Finally, two crucial points of convergence between the current and other studies are important: first, patients with concomitant significant carotid and coronary artery disease have high atherosclerotic burden, reflected by the expressive rate of cardiac and neurological complications during follow-up. Second, irrespective of this high number of complications and the handling strategy adopted, the mortality rate among groups does not differ.

  Limitations

  This is a non-randomized retrospective cohort study with a relatively small sample size. The treatment assignment was chosen at discretion of the heart team as disclosed in methods, therefore, some selection bias can occur.

   

  CONCLUSION

  In our retrospective study, the strategy of staged CEA-CABG was associated with a higher rate of the primary outcomes in comparison with synchronous CEA-CABG and isolated CABG, at the expense of MI and with a tendency, although non-significant, of a higher incidence of stroke during the follow-up of 2.05 years. Mortality rates due to all causes did not differ between groups. These results are similar to most of the main studies already published, but due to a complete lack of robust randomized clinical trial, the best approach is still unclear and should take into consideration an analysis between myocardial vs. cerebral risk.
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    ABSTRACT

    INTRODUCTION: The objective of this study is to evaluate the left ventricular systolic function of patients with coronary microvascular dysfunction (CMD) using the three-dimensional speckle-tracking imaging (3D-STI) technique.

    METHODS: From June 2018 to June 2019,72 subjects from Huzhou Central Hospital were enrolled, including 42 CMD in-patients with typical chest pain or chest tightness and positive treadmill exercise stress test, but without coronary stenosis on coronary angiography, (the CMD group) and another 30 healthy individuals who were undergoing physical examinations in an outpatient clinic (the control group). Using 3D-STI technique, the global longitudinal strain (GLS), global radial strain (GRS), global circumferential strain (GCS), global area strain (GAS), and left ventricle were measured.

    RESULTS: Compared with the control group, GLS and GAS were significantly reduced in the CMD group (P<0.05), while GRS and GCS were similar in both groups (P>0.05). Univariate logistic regression analysis showed that GLS and GAS were the influencing factors of CMD. For the diagnosis of CMD, the area under the receiver operating characteristic (ROC) curve of GLS was 0.883, and the area under the ROC curve of GAS was 0.875. GAS of -29.3% (log-rank test chi-square=34.245, P<0.001) was a strong predictor of major adverse cardiac events.

    CONCLUSION: 3D-STI technique has obvious advantages in the evaluation of the left ventricular systolic function for CMD patients. Moreover, 3D-STI parameters, especially GLS and GAS, can detect the early abnormal changes in the ischaemic myocardium. Being timelier and more sensitive than echocardiography, 3D-STI should be recommended for clinical application.

    Keywords: Heart Ventricles. Coronary Angiography. Coronary Stenosis. Echocardiography; Three-Dimensional. Ventricular Function; Left.
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  INTRODUCTION

  Coronary microvascular dysfunction (CMD) refers to a group of clinical syndromes with typical exertional angina, positive electrocardiogram or stress test results, and normal coronary angiography, for which the coronary artery spasm can be excluded. CMD is also known as microvascular angina due to the widespread presence of coronary microvascular endothelial dysfunction 1. The pathophysiological mechanism of CMD is still unclear. Although CMD has a good long-term prognosis, patients with chest pain have a relatively high mortality 2. In addition, patients with CMD may present with ST segment depression on an electrocardiogram, but have normal or almost normal coronary arteries on angiography 3. This study aimed to use three-dimensional speckle-tracking imaging (3D-STI) technique to evaluate the left ventricular systolic function of CMD patients for early detecting the ischaemic myocardium and judging patients’ prognosis.

   

  METHODS

  Subjects

  In the CMD group, 42 CMD in-patients with typical chest pain or chest tightness and positive treadmill exercise stress test, without coronary stenosis on coronary angiography, were selected from the Department of Cardiology, Huzhou Central Hospital, between June 2018 and June 2019. None of them received treatment with antianginal drugs. Meanwhile, 30 healthy subjects undergoing physical examination in the outpatient clinic during the same period were selected as the control group. All subjects had negative results after coronary angiography or scanning by 128-row, high-resolution, coronary spiral computed tomography angiography (CTA). All women in this study were not menopausal or had stable hormone levels after hormone replacement therapy for menopause. No subject was in menstruating stage. This study was approved by the Ethics Committee of Huzhou Central Hospital (20200206-01). All subjects were informed of the study details and signed a consent form.

  Inclusion and Exclusion Criteria

  For the CMD group, the inclusion criteria were as follows: i) aged 25-75 years; ii) typical fatigue angina (with or without resting angina and dyspnoea); iii) positive exercise treadmill test (cardiologist-reported ischemic changes or abnormal ST results defined as an up-sloping ST change ≥ 2 mm or downsloping or horizontal ST change ≥ 1 mm) or positive myocardial load perfusion imaging; iv) the echocardiography, coronary angiography, or CTA showed that the degree of coronary artery stenosis was < 50%, and there was no ST elevation or angina occurrence at night. The exclusion criteria were as follows: uncontrolled hypertension or diabetes mellitus, left ventricular hypertrophy, cardiomyopathy, coronary artery spasm, valve disease, severe liver or kidney dysfunction, malignant tumour, autoimmune disease, or drug addiction.

  For the control group, the inclusion criteria were as follows: i) aged 25-75 years; ii) no clinical indication. The exclusion criteria were the same for those in the CMD group.

  Conventional Echocardiography

  Cardiac colour ultrasound (GE vivid E9 colour Doppler echocardiographer; M5S probe, 4V volume probe, frequency 1.7-3.3mHz) was used to measure the left ventricular end-diastolic diameter (LVEDd), left ventricular end-systolic diameter (LVESd), left atrioventricular valve early diastolic blood flow peak/left atrioventricular valve late diastolic blood flow peak (E/A), and E/left atrioventricular annulus diastolic early motion velocity (E'); the left ventricular ejection fraction (LVEF) was calculated using the biplanar Simpson’s method.

  3D-STI Technique

  3D-STI was performed using the GE vivid E9 colour Doppler echocardiographer with a matrix-array transducer (M5S) (there was no obvious difference in obtaining 3D strain values using equipment from different inter vendors [e.g., Philips], so the GE vivid series were selected in this study). Before acquisition, echocardiographic images were optimized for visualization of the endocardial border. The image acquisition was performed in the apical four-chamber view. Using GE EchoPAC software, a semiautomated and border-tracking analysis was performed. The left ventricle was automatically divided into 16 segments by the software, and the global longitudinal strain (GLS), global radial strain (GRS), global circumferential strain (GCS), and global area strain (GAS) of the endocardium and epicardium in the 16 segments were measured (Figure 1).
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  Follow-Up and Major Adverse Cardiac Events

  Follow-up was performed for 24 weeks. Major adverse cardiac events (MACE) included recurrent angina, acute myocardial infraction, heart failure, and coronary revascularization. During the follow-up period, when MACE occurred, the patients were considered to have endpoint events. The follow-up was discontinued, and antianginal drugs were given at that time.

  Statistical Analysis

  The statistical analysis was performed using the IBM Corp. Released 2013, IBM SPSS Statistics for Windows, Version 22.0, Armonk, NY: IBM Corp. software, and the measurement data were expressed as mean±standard deviation. A t-test was used for comparison between two groups. The comparison of numeration data was performed using the χ2 test. Univariate logistic regression analysis was used for single-factor analysis. The specificity and sensitivity were determined by calculating the area under the receiver operating characteristic (ROC) curve. A Kaplan-Meier curve was used for survival prognosis analysis. The Bland-Altman repeatability test was used for intraobserver and interobserver consistency (both the interobserver variability and intraobserver variability were < 15%). P<0.05 was considered statistically significant.

   

  RESULTS

  Comparison of Baseline Data Between the Groups

  The gender, age, body mass index, systolic blood pressure, diastolic blood pressure, fasting blood glucose, and low-density lipoprotein levels in control and CMD groups were compared. Each index had no significant difference between the groups (P>0.05) (Table 1).
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  Comparison of Conventional Echocardiography Parameters Between the Groups

  Comparison of the cardiac colour ultrasound indexes between control and CMD groups showed that the LVEDd, LVESd, E/A, E/E', and LVEF values had no significant difference between the groups, respectively (P>0.05) (Table 2).
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  Comparison of Left Ventricular Strain Parameters Between the Groups

  A comparison of GRS and GCS showed no significant difference between the groups (P>0.05). GLS of the CMD group was lower than that of the control group (-17.63±1.50 vs. -20.09±1.54, respectively), and GAS of the CMD group was lower than that of the control group (-29.68±1.60 vs. -32.78±2.06, respectively), presenting a highly significant difference(P<0.001) (Table 3).
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  Comparison of Conventional Echocardiography Parameters and Left Ventricular Strain Parameters Between Male and Female Subjects

  As shown in Table 4, there is no statistical difference in each conventional echocardiography parameter or each left ventricular strain parameter between male and female subjects in the control and CMD groups (P>0.05).

  
    

    [image: Table 4]

  

  Univariate Logistic Regression Analysis

  For univariate logistic regression analysis, the occurrence of CMD was used as the dependent variable (assignment: CMD=1, control=0), and GLS, GRS, GCS, and GAS were included as independent variables. The results showed that GLS and GAS were the influencing factors of CMD (Table 5).
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  Receiver Operating Characteristic Curve

  The area under the ROC curve for use of GLS to diagnose CMD was 0.883, and the area under the ROC curve for use of GAS to diagnose CMD was 0.875. Both parameters had a high diagnostic sensitivity and specificity (Figure 2).
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  Prognosis Analysis

  For patients in the CMD group, a significant difference was found in GAS (t=6.03, P<0.001) by comparing the strain parameters according to the occurrence of MACE during the 24-week follow-up. A total of 11 of 42 CMD patients developed MACE, accounting for 26.2% of the group. Based on the abovementioned indexes, the ROC curve showed that the area under the curve of GAS was 0.950. According to the evaluation method of best diagnostic threshold, the maximum Youden’s index was calculated to be 0.839, and the corresponding main cutoff value was -29.3% (sensitivity, 100%; specificity, 83.9%). Kaplan-Meier survival curve analysis was conducted after grouping according to this cutoff value. It indicated that a GAS of -29.3% (log-rank test chi-square=34.245, P<0.001) was a strong predictor of MACE (Figure 3).
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  DISCUSSION

  CMD is caused by the abnormal regulation of coronary artery systolic function, including a decreased blood supply of coronary microvessels and impaired endothelial function of microvessels. The coronary microvasculature (which provides the vascular resistance), nutrient supply of cardiac cells, and elimination of metabolic products can directly affect the perfusion of downstream cardiac cells 4. The prevalence of CMD may depend on the degree of endothelial and microvascular dysfunction in patients, and a high proportion of CMD patients have abnormal coronary blood flow 4. At present, the increasing attention is being paid on the diagnosis and treatment of CMD. Currently, most CMD patients have a good prognosis, and the incidence of cardiovascular events is the same as that of the normal population. However, 20-30% of CMD patients have gradually aggravating angina symptoms that greatly affect the quality of life 5. Some challenges still exist in the treatment of patients without structural coronary artery disease, and current management strategies are focused on symptomatic remission 6. Therefore, it is very important to seek early diagnostic indicators for disease evaluation and prognosis. There is increasing interest in the measurement of globe myocardial strain because it is a sensitive and robust index to detect subclinical myocardial dysfunction 7. This study evaluated the diagnostic value of strain indexes observed by 3D-STI technique for CMD.

  Traditional two-dimensional ultrasonic technique, due to its single-plane detection, is not an effective evaluation method. In particular, the sensitivity and specificity of this method are not satisfactory for the measurement of cardiac function changes due to a 10% reduction of the LVEF. Conflicting results have been reported in earlier studies using cardiovascular magnetic resonance imaging perfusion to detect myocardial ischaemia as a marker of CMD 8. Because the examination time is very long, some patients cannot tolerate this method. Therefore, its clinical application is not extensive. 3D-STI technique can be used to evaluate the strain in different directions of the left ventricle from a three-dimensional perspective, overcoming the drawbacks of two-dimensional speckle-tracking imaging technique. Furthermore, 3D-STI technique provides more abundant information for the evaluation of subclinical myocardial injury of the left ventricle 9. The global strain and systolic function of the left ventricle are directly quantified by measuring the peak strain in the radial, longitudinal, and circumferential directions 10. Due to the lack of angle dependence, 3D-STI technique can accurately distinguish the position of myocardial spots and assess myocardial function by local and global strain 11. This method has been widely used in clinical and experimental studies to evaluate the overall and local myocardial function of the left ventricle. However, few studies have been reported its application for CMD.

  This study showed that the longitudinal strain of patients in the CMD group was significantly decreased. Due to poor hypoxia tolerance of the endocardium, if the coronary artery blood supply is decreased, the endocardial myocardium will be involved due to the longitudinal strain, which is mainly responsible for the significant changes observed. We also found that the area strain of the CMD group was decreased, resulting in an obvious diagnostic and prognostic value. The area strain is mainly determined by combining the longitudinal strain with the circumferential strain in 3D-STI. It refers to the size of the area of deformation between the inner and outer membranes of the heart, which comprehensively reflects the movement of the ventricular muscle in all directions 12. Additionally, the area strain is a three-dimensional comprehensive index that affects the area of deformation of the middle myocardium during the systole and diastole 9. Related research suggests that small changes in left ventricular function can be reflected by the area strain. Although the decreases in the global, longitudinal, and circumferential systolic peak strain are not obvious, the area strain may show statistically significant changes 13. The longitudinal strain changed, but the study found that the difference was not obvious. Therefore, the superiority of the area strain was demonstrated. Moreover, the area strain shows significant advantages in predicting MACE. We found that the area strain played an extremely important role in predicting the clinical prognosis according to the Kaplan-Meier survival curve analysis, which was an innovation of this study.

  Limitations

  This study has some limitations. The sample size of this study is relatively small. A larger sample size will make the results more convincing. In our next studies, the sample size should be further increased for obtaining more satisfactory outcomes.

   

  CONCLUSION

  In summary, for CMD patients, the conventional ultrasound cannot detect early left ventricular heart abnormalities, while 3D-STI technique has obvious advantages. According to the analysis, GLS and GAS of the CMD patients are significantly lower than those of the control group. Further use of GLS and GAS values can improve the sensitivity and specificity of diagnosis and facilitate the early diagnosis and assessment. GAS can be used to assess the survival prognosis early at a cutoff point of -29.3%, which is of great significance for clinical practice. However, in view of the small sample size at present, we will continue to expand the sample size to verify the reliability of the index.
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    ABSTRACT

    OBJECTIVE: Sutureless aortic valve replacement (Su-AVR) offers an alternative to supra-annular stented biological aortic prostheses. This single-center study aimed to compare early outcomes after aortic valve replacement with sutureless and conventional stented bioprostheses. 

    METHODS: In this retrospective study, we analyzed 52 patients who underwent aortic valve replacement with sutureless and stented bioprostheses between January 2013 and October 2017. Sorin Perceval S sutureless valves were implanted in group 1 and Sorin Mitroflow stented bioprosthetic valves were used in group 2. Postoperative outcomes, including demographics, cardiopulmonary bypass (CPB) times, cross-clamp times, morbidity and mortality, as well as echocardiography in the first month, were compared.

    RESULTS: Mortality occurred in 1 (3.6%) patient in group 1, and in 2 (8.3%) patients in group 2 (P=0.186). Group 1 had significantly shorter CPB (61.6±26.1 min vs. 106.3±32.7 min, P=0.001) and cross-clamp (30.9±13.6 min vs. 73.3±17.3 min, P=0.001) times. The length of stay in the intensive care unit (1.9±1.3 days vs. 2.4±4.9 days, P=0.598) and hospital stay (7.6±2.7 days vs. 7.3±2.6 days, P=0.66) were similar. Postoperatively, there was no statistically significant difference between the two groups in echocardiography results, and morbidities. The mean aortic valve gradient was 13.5±5.8 mmHg in group 1 and 14.5±8.0 mmHg in group 2 (P=0.634). Paravalvular regurgitation was diagnosed in 3 (10.7%) patients in group 1 and in 1 (4.2%) patient in group 2 (P=0.220). 

    CONCLUSIONS: Su-AVR resulted in shorter cross-clamp and CPB times. However, early mortality, postoperative morbidity, and echocardiography results were similar between groups. 

    Keywords: Aortic Valve; Cardiopulmonary Bypass; Heart Valve Prosthesis; Bioprosthesis; Echocardiography; Intensive Care Units.
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  INTRODUCTION

  Aortic valve stenosis (AS) has been the most common valvular heart disease among elderly patients, with a prevalence of approximately 3% 1. Surgical aortic valve replacement is the gold standard treatment for severe symptomatic AS 1-3. However, there has been a growing interest in the use of sutureless bioprostheses to decrease operative times and associated postoperative complications. Sutureless aortic bioprostheses offer an alternative for patients who are eligible for surgical aortic valve replacement. Nevertheless, supra-annular aortic biological prostheses have been widely used during the last decades. These valves increase the flow relative to the annular area of the aortic valve compared to the intra-annular position in some of the other bioprostheses. Especially in patients with small aortic annulus (19 and 21 mm), they are considered ideal prosthesis in elderly patients 4. It has been reported that the absence of structural valve deterioration in pericardial aortic valves is above 90% 5. According to the current literature, sutureless valves provide superior hemodynamic outcomes with reduced gradients and reduced aortic cross-clamp and cardiopulmonary bypass (CPB) times compared to conventional aortic valve replacement (c-AVR) 2-12. But most evidence regarding sutureless aortic valve replacement is limited to observational studies. Only one small randomized controlled study has demonstrated its feasibility, safety, and efficacy 11. There are still limited data on the outcomes of biological and sutureless aortic prosthesis. In this study, we aimed to compare the early outcomes after aortic valve replacement with sutureless bioprostheses and conventional stented bioprostheses. 

   

  METHODS

  Patients

  After approval from the hospital ethics committee, we retrospectively reviewed 52 patients who underwent aortic valve replacement due to severe aortic stenosis using sutureless (n=28) and stented aortic bioprostheses (n=24) between January 2013 and October 2017. Patients who underwent isolated aortic valve replacement due to severe symptomatic aortic stenosis using biological valves were included. Sorin Perceval S sutureless valves (Sorin, part of LivaNova PLC) were implanted in group 1. Sorin Mitroflow stented bioprosthetic valves (Sorin Group, Milan, Italy) were implanted in group 2. Patients who underwent reoperation and other combined surgeries such as coronary artery bypass grafting and ascending aorta replacement were excluded. All operations were performed by the same surgical team. The patients were evaluated by results of preoperative characteristics and perioperative data, including CPB and cross-clamp times, postoperative morbidity and mortality, and echocardiography in the first month.

  Surgical Technique

  After general anesthesia, all surgeries were performed via full sternotomy. Cannulation was performed through the ascending aorta and the right atrium. Following CPB initiation, the ascending aorta was cross-clamped and a transverse aortotomy incision was performed. Isothermic blood cardioplegia was delivered to allow diastolic cardiac arrest at 30 °C. Maintenance doses were given to each coronary ostium every 20 minutes. However, taking into consideration the valve height in patients in which we planned to use a sutureless valve, aortotomy was performed a little more distally over the sinotubular junction (about 1 cm above the sinotubular junction). The valve leaflets were resected and decalcified to prevent paravalvular leak in both groups. 

  Sutureless Valve Implantation

  Sorin Perceval S sutureless aortic valve (Sorin Biomedica Cardio Srl, Saluggia, Italy) was used in group 1 (Figure 1). The valve was sized according to the annular diameter of the aortic valve, with a gentle passage through the valve orifice. After crimping procedure of properly sized aortic sutureless valve, the valve was washed with saline solution. The delivery system was loaded with the collapsed stent-mounted valve and guided to its correct position by sliding it over three guiding sutures (4-0 polypropylene), positioned at the nadir level of each resected cusp. Once the delivery system was in place, the prosthesis was deployed, the guiding sutures were removed and the valve was put in place; at this point, post-dilation modeling was performed with a dedicated balloon (30 seconds at a pressure of 4 atmospheres). The valve was washed with 37 °C saline solution, making it easier for the nitinol ring to expand. 
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  Surgical AVR with Bioprosthetic Valves

  Sorin Mitroflow bioprosthetic valve (Sorin Group, Inc., Milan, Italy) was used in group 2. After sizing the proper valves, washing procedures with saline solution were done. Pledgets 2-0 Politer sutures were passed through the annulus with the pledgets located subannulary. After all the sutures were passed symmetrically through the valve ring, the valve was placed in a supra-annular position. Transesophageal echocardiography (TEE) was performed during the procedure to evaluate valve opening, position, presence of paravalvular and valvular leak in both groups. Then, aortotomy was closed in a double-layered fashion. Following implantation of the valves, chest tubes and temporary epicardial pacing wires were placed. Hemostasis was done and the sternum was closed traditionally. 

  Postoperative Follow-Up

  Patients were transferred to the intensive care unit and extubated. They were transferred to the ward on postoperative day 1, if there was no need for further follow-up in the intensive care unit. Postoperative ventilation time, intensive care unit stay, and the length of hospital stay were reviewed. Patients were followed-up for major adverse events, such as cardiac, neurological, pulmonary, and other organ dysfunctions. Mortality and other morbidities were recorded. All patients underwent intraoperative and postoperative echocardiography examinations to evaluate the prosthetic valve and ventricular functions. 

  Statistical Analysis

  Statistical analysis of the study was done with SPSS 17.0 for Windows. In the analysis, first, the normal distributions of the data were examined. For this, the one-sample Kolmogorov-Smirnov test was applied. Data showed normal distribution (P>0.05) and the main analyzes were carried out. Frequency distributions (number, percentage, mean and standard deviation) of the data were made and then independent samples t-test (Student’s t-test) was applied for statistical significance. Significance levels were taken as 95%. Those with a P<0.05 were considered statistically significant. 

   

  RESULTS

  Preoperative characteristics of the patient groups are summarized in Table 1. Both groups were similar in terms of demographic data, functional class, EuroSCORE II values (3.2±1.6 vs. 3.2±2.5, P=0.93) and comorbidities. Patients presented with good ventricular functions and severe gradient through the aortic valve (mean: 51.4±10 mmHg vs. 58.4±15.2 mmHg, P=0.05). 
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   Table 2 shows the distribution of implanted valve size. In the c-AVR group, 12 (50.0%) patients had a 21-mm prosthesis and 7 (29.2%) patients had a 23-mm prosthesis. In the Su-AVR group, patients had medium (39.3%), large (28.6%) and X-large (28.6%) prostheses. 
  
  The operative and early postoperative outcomes were presented in Table 3. Mortality occurred in 1 (3.6%) patient in the Su-AVR group and in 2 (8.3%) patients in the c-AVR group (P=0.186). CPB (61.6±26.1 vs. 106.3±32.7 min, P=0.001) and cross-clamp (30.9±13.6 vs. 73.4±17.3 min, P=0.001) times were significantly shorter in the Su-AVR group. Mean length of intensive care unit stay and hospital stay were similar between groups. Postoperative morbidities showed similarity. There was no need for reoperation. 
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  Postoperative echocardiography results were presented in Table 4. Mean postoperative aortic gradients were 13.5±5.8 mmHg in the Su-AVR group and 14.5±8.0 mmHg in the c-AVR group (P=0.634). Central aortic regurgitation was diagnosed in 3 (10.7%) patients in the Su-AVR group and in 1 patient in the other group (P=0.224). Paravalvular regurgitation was found in 3 (10.7%) patients in the Su-AVR group and in 1 (4.2%) patient in the c-AVR group (P=0.220). Paravalvular regurgitation was mild in 2 patients and moderate in 1 patient in the Su-AVR group. 
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  DISCUSSION

  Sutureless valves have recently gained popularity as they reduce the operation time and facilitate minimally invasive surgery in high-risk patients 2,3. Due to the higher cost and limitations of transcatheter aortic valve implantation procedure, sutureless valves have become a remarkable option, especially in the elderly and in the high-risk population. In this study, we compared the early outcomes of sutureless valves and stent bioprostheses for aortic valve replacement. Although results showed a significant decrease in operative times with sutureless valves, there was no difference in postoperative outcomes regarding mortality, complications, and echocardiographic results. Our experience revealed that sutureless valves could be advantageous in patients with small aortic root. 

  The use of sutureless valves can be recommended in patients with advanced age, previous cardiac operations, concomitant procedures, calcified homograft, porcelain aorta, and small aortic root 2,3. These valves can also be useful in minimally invasive surgery via right anterior small thoracotomy or J-sternotomy procedures. Technically, transverse aortotomy should be performed well above the sinotubular junction in sutureless valve implantation, whereas traditional oblique aortotomy is done for aortic valve replacement (AVR) using stented-biological aortic prostheses. Previously, Gode et al. 2 and Hanedan et al. 3 reported the safety of these procedures. 

  Prolonged CPB and cross-clamp times are known as independent risk factors for postoperative morbidity and mortality in cardiac surgery 13,14. In many studies, CPB and cross-clamp times were found to be lower in sutureless valves compared to conventional AVR, as no time was spent on stitching and knotting. Flameng et al. 6 found average CPB and cross-clamp times of 46 and 20 minutes, respectively. According to the study conducted in the STS database, CPB and cross-clamp times were found to be 106 and 78 minutes, respectively, in isolated sutureless aortic valve replacement via median sternotomy 7. In the study by Smith et al. 8 to compare conventional AVR with sutureless aortic valve replacement, the authors found that the CPB and cross-clamp times in sutureless aortic valve replacement were approximately 95 and 71 minutes, respectively. This indicates that sutureless valves shorten CPB and cross-clamp times. Our study was equivalent to other studies with CPB and cross-clamp times of 61 and 30 minutes, respectively. CPB and cross-clamp times were significantly shorter in sutureless valves compared to conventional AVR.

  Many studies argue that sutureless valve reduces operation time, decrease mortality and morbidity, and improves quality of life 15,16. Our study has revealed an equivalent 30-day mortality rate of sutureless valves with these studies and meta-analyzes. However, there was no significant difference in mortality with the conventional valve replacement group. A single-center large-scaled study by Gilmanov et al. 17 revealed that sutureless valve reduces mortality compared to traditional aortic valve replacement. Folliguet et al. 12 is the only known large prospective, multicentered study of sutureless valves. This 4-year follow-up study consisted of 208 high-risk patients who had undergone Perceval S implantation in which hospital mortality and 1-year mortality observed were 2.4% and 12.9%, respectively. These results can be comparable with the c-AVR group results. 

  In the present study, no significant outcome difference was found between the two groups in terms of intensive care unit stay, hospital stay, postoperative drainage amount, mechanical ventilation time and postoperative morbidities. However, two patients needed permanent pacemaker implantation after sutureless valve replacement. A study performed in Germany by Pollari et al. 18 reported a shorter operation time in sutureless aortic valve replacement compared to conventional AVR. In addition, the authors reported a decreased blood transfusion, postoperative atrial fibrillation rate, mechanical ventilation time, duration of intensive care and total cost. Gilmanov et al. 17 reported shorter mechanical ventilation time in the minimally invasive approach of sutureless aortic valve replacement compared to stented bioprostheses. 

  Sutureless aortic valves provides another superiority in terms of hemodynamic performance in patients who undergo aortic valve replacement due to aortic stenosis. Many studies have found that sutureless valves decrease average and maximum gradient. It also increases transvalvular flow and effective orifice area. Sadowski et al. 9 reported mean and maximum gradients of 11.6 and 6.8 mmHg, respectively, at discharge. Minh et al. 10 in their study on sutureless valves found the mean gradient of 11.1±4.6 mmHg. A multicenter, randomized study by Borger et al. 11 revealed lower gradients of sutureless valves compared to stented bioprostheses (8.5 mmHg vs. 10.3 mmHg). Our study has revealed the mean gradient of 13.5 mmHg in sutureless valves and there was no significant difference found between sutureless valves and stented bioprostheses.

  During sutureless aortic valve replacement procedure, size measurement and proper annular decalcification are the most critical stages of the operation. Valves that are not properly sized can lead to several problems. Valves smaller than the annulus can cause paravalvular leaks, central aortic regurgitation, malposition, and migration of the valve. Valves larger than the annulus can cause excessive shear stress or even rupture of the aortic wall. They can also result in stent intussusception, hemorrhage, fatal arrhythmia, regurgitation, or hemodynamic changes in the valve. Intraoperative TEE control is essential to prevent paravalvular leaks. Many studies have reported a low rate of paravalvular leak and particularly good hemodynamic performance in Perceval valves 3-12. Our study has revealed a mild to moderate paravalvular leak in 10.7% of our patients who underwent sutureless valve replacement, but no statistically significant difference was found compared with c-AVR. The incidence of paravalvular regurgitation with stented bioprostheses was lower in the c-AVR group. 

  Albacker et al. 19 reported transient postoperative thrombocytopenia in sutureless valve operation more than traditional bioprosthetic valves. Flameng et al. 6 revealed that the number of platelets decreased in the one-year follow-up after Perceval S implantation. Some studies argue that postoperative thrombocytopenia is due to transient toxic effect of Perceval S sutureless valve on platelets. Other studies claim that microhemodynamic effects of prosthetic structure may be the cause of postoperative thrombocytopenia 20. Edwards Intuity and Perceval S valves were compared in terms of postoperative thrombocytopenia in a study conducted in Italy 21. This study concluded that Perceval S implantation was accepted as an independent risk factor for the development of early postoperative thrombocytopenia. Patients who were replaced with the Edwards Intuity valve did not develop significant thrombocytopenia compared to patients who were replaced with the Perceval S valve during the early postoperative period. However, platelet level returned to its preoperative level in both groups after one year of follow-up. Authors argue that the thrombocytopenia seen in Perceval S valve during early postoperative period develops because the nitinol stent in the valve structure is not covered with any substance 21. In our study, there was no significant difference in comparison of lowest platelet (PLT) values in the postoperative period with PLT values at the discharge in both groups.

  Limitations

  Retrospective design of the study protocol, limited number of patients in both groups and the lack of long-term results are major limitations. Cost analysis and analysis of long-term reintervention rate may improve the results of these interventions. Thus, further studies are still needed. 

   

  CONCLUSION

  The results of this study showed comparable early postoperative outcomes of sutureless valves versus stented bioprosthetic aortic valves. Sutureless valves can be preferred to decrease operating time in patients referred for concomitant procedures.
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    ABSTRACT

    INTRODUCTION: The objective of this study is to investigate the protective effect of kaempferol against ischemia/reperfusion (IR) injury and the underlying molecular mechanisms.

    METHODS: H9C2 cells were pretreated with kaempferol for 24 hours and further insulted with IR injury. Cell vitality, reactive oxygen species (ROS) level, glutathione (GSH) level, nicotinamide adenine dinucleotide phosphate (NADPH) oxidase activity, and sirtuin-3 (SIRT3), B-cell lymphoma 2 (Bcl2), and Bcl2-associated X protein (Bax) expressions were evaluated. Moreover, short interfering ribonucleic acid targeting SIRT3 was used to investigate the role of SIRT3 against IR mediated by kaempferol in vitro. IR mice models were also established to confirm the protective effects of kaempferol on IR in vivo.

    RESULTS: After IR injury, H9C2 cells vitality was reduced, ROS levels, NADPH oxidase activity, and Bax expressions were increased, and GSH levels and Bcl2 expressions were decreased. After kaempferol pretreatment, the vitality of H9C2 cells was increased. The levels of ROS, NADPH oxidase activity, and Bax expression were decreased. In addition, levels of GSH and Bcl2 expression were enhanced. Furthermore, silencing SIRT3 attenuated the protective effect mediated by kaempferol, with increased ROS levels, NADPH oxidase activity, and Bax expression, along with reduced GSH level and Bcl2 expression. In vivo IR model showed that kaempferol could preserve IR-damaged cardiac function.

    CONCLUSION: Kaempferol has the capability of attenuating H9C2 cells IR injury through activating SIRT3 to inhibit oxidative stress.

    Keywords: Kaempferols; Reperfusion Injury; Sirtuin-3; Oxidative Stress..
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  INTRODUCTION

  In recent decades, although many important progresses, including percutaneous coronary stent implantation and coronary thrombolysis, have been made in the treatment of myocardial ischemia, this disease is still a major life-threatening illness and brings a heavy economic burden worldwide1,2. The pathological mechanisms of the disease are associated with ischemia and hypoxia of local myocardial tissue, which can cause hypoxic injury of myocardial cells. In addition, the oxygen-free radicals in myocardial cells could explode after blood supply recovery and further aggravate the myocardial injury1. Therefore, it is very important to alleviate ischemia/reperfusion (IR) injury to better treat myocardial ischemia.

  Kaempferol, also known as kaempferol-3, is a flavonoid compound that belongs to an active ingredient of traditional Chinese medicine. It has been reported that the compound has many physiological functions3-14, including anti-inflammatory3,4 and antitumor effects5-7 and protection against organ ischemic injury8-11. In addition, the protective effect of kaempferol in myocardial IR injury has also been confirmed9,11, but the associated molecular mechanisms are still unclear.

  Sirtuin-3 (SIRT3) is a conserved nicotinamide adenine dinucleotide-dependent deacetylase that highly expresses in the myocardium. The reported studies show that SIRT3 has a significant antioxidative stress effect through deacetylating various mitochondrial-related proteins, such as superoxide dismutase 2 (SOD2)15,16. Marfe et al.17 found that, in the leukemia K562 cell line, kaempferol plays an antitumor role by regulating SIRT3. However, the protective effect of kaempferol and its regulatory effect on SIRT3 during myocardial IR remain unclear. In this study, the IR injury model was established, and the anti-IR injury effect of kaempferol and the molecular mechanisms associated with SIRT3 were explored.

   

  METHODS

  Cells and Reagents

  Rat immortalized myocardial H9C2 cell line was purchased from the Shanghai cell bank of Chinese Academy of Sciences; kaempferol was from Sigma-Aldrich Company (United States of America [USA]); cell counting kit 8 (CCK8) was obtained from Qihai Biology Company (Shanghai, China); Dulbecco’s Modified Eagle’s Medium (DMEM), trypsin, penicillin, and streptomycin from Hyclone Company (USA); fetal bovine serum, protein quantitative kit, and Lipofectamin 3000 transfection reagent were collected from Thermo Fisher Scientific Inc. (USA); SIRT3 short interfering ribonucleic acid (siRNA) was designed and synthesized by Gemma company (Shanghai, China); cell culture bottles, Petri dishes, and centrifuge tubes were brought from Corning company (USA); SIRT3, SOD2, B-cell lymphoma 2 (Bcl2), BCL2-associated X protein (Bax), and β-actin antibodies were from Cell Signaling Technology (USA); goat anti-mouse and goat anti-rabbit second antibodies were obtained from Zhongshan Jinqiao Biological Company (Beijing, China); reactive oxygen species (ROS), glutathione (GSH), and nicotinamide adenine dinucleotide phosphate (NADPH) oxidase kit were purchased from Nanjing Jiancheng Institute of Bioengineering (Nanjing, China); and Western blot equipment, light-emitting photography system was purchased from Bio-Rad Company (USA).

  Cell Culture

  The H9C2 cells were cultured in DMEM. When the cell density reaches about 80%, they are digested, centrifuged, and suspended, then inoculated into a 96-well plate or cell culture flask for further treatment. The concentration of kaempferol was 1 and 5 µg/mL, respectively.

  Establishment of the IR Model in H9C2 Cells

  After the H9C2 cells were inoculated into a 96-well plate or cell culture flask for 12 hours, they were placed in a hypoxia-reoxygenation box (hypoxia condition: 95% N2, 5% CO2, four hours; reoxygenation condition: 95% air, 5% CO2, four hours) to establish IR cellular model.

  siRNA Plasmid Transfection

  Cells were inoculated into a 6-well plate with a density of 1*105 cells/well. After adherence, SIRT3 siRNA plasmid was transfected with Lipofectamine 3000, according to the instruction. After the transfection with siRNA plasmid for 24 hours, the levels of SIRT3 gene and protein were detected.

  CCK8 Assay

  Cells were firstly inoculated into a 96-well plate with 1X104/well and treated with IR after adherence. After treatment with kaempferol, the supernatant was discarded, and 100 ml DMEM with 10 ml CCK8 staining solution was added into each well. Then, the cells were incubated at 37 ºC for two hours without light. Spectra max multifunctional enzyme label was used to detect the absorbance at 450 nm wavelength, which represented the relative viability of the target cells.

  Western Blot

  After digestion and centrifugation, the target cells were decomposed on ice for 20 minutes by adding lysate (RIPA, protease inhibitor: phosphatase inhibitor = 8:1:1). Then the supernatant was centrifuged at 4 ºC for 20 minutes and collected. A bicinchoninic acid kit was used to quantify the concentration of the target proteins. The supernatant was then mixed with the loading buffer and boiled for eight minutes. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis animation (SDS-PAGE) was prepared according to the instructions, and the protein samples were added into the SDS-PAGE. After electrophoresis, the protein was transferred to polyvinylidene fluoride membrane, and the milk was used to block for two hours, and incubated overnight with the corresponding antibody at 4 ºC. Then the second antibody was incubated at room temperature for one hour. Finally, Bio-Rad chemiluminescence acquisition system was used to detect and analyze the protein expression.

  ROS Assay

  The tests were carried out strictly according to the instructions. Briefly, the target cells were cultured with 10 µM dichloro-dihydro-fluorescein-diacetate for one hour at 37°C, and then the optical absorbance at the wavelength of 525 nm was measured, and ROS levels were calculated following the manual.

  GSH Detection

  After digested, the target cells were treated with the GSH detecting system according to the instructions, the absorbance at 420 nm wavelength was detected, and the GSH content in cells was further calculated according to the formula in the instructions.

  Detection of NADPH Oxidase Activity

  The cells were digested and then incubated with 250 µM/ml NADPH, according to the operation manual. The optical absorbance at the wavelength of 340 nm was detected, and NADPH oxidase activity was further calculated.

  Establishment and Treatment of Mice Models with IR

  Animal experiments have been approved by the Ethics Committee of the Fourth Military Medical University. Thirty C57BL/6J mice were purchased from the Animal Center of Fourth Military Medical University. The animals were randomly divided into the control group, IR group, and IR + kaempferol (10 mg/kg) group. According to methods reported by previous research, the IR model of the myocardium in mice was established18. Ultrasound cardiac function was measured four hours after IR.

  Statistical Analysis

  The Statistical Package for the Social Sciences (SPSS Inc. Released 2009, PASW Statistics for Windows, Version 18.0, Chicago: SPSS Inc.) software was used for statistical analysis. All data were expressed by mean with standard error of the mean. One-way analysis of variance was used for comparison between different groups, and P<0.05 was considered as statistically significant.

   

  RESULTS

  Effect of Kaempferol Pretreatment on the Viability of H9C2 Cells with IR

  As shown in Table 1, the H9C2 cells were divided into the control group, IR group, IR + 1 µM kaempferol group, and IR + 5 µM kaempferol group. Cell viability was measured by the CCK8 method. The cell viability significantly decreased after IR treatment, compared to the control group (P<0.05). However, after pretreatment with 1 and 5 µM kaempferol, the cell viability increased in the IR group (P<0.05).
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  Effect of Kaempferol Pretreatment on Oxidative Stress Levels of H9C2 Cells with IR

  Current studies indicate that IR could enhance the oxidative stress levels in myocardial cells, and we were interested in exploring whether kaempferol treatment could inhibit the levels of oxidative stress in myocardial cells with IR. As shown in Figure 1, compared with the control group, IR treatment significantly activated the oxidative stress levels in H9C2 cells, which was characterized by an increase in ROS content, a decrease in GSH level, and an increase in NADPH oxidase activity. After pretreatment with 5 and 10 µM kaempferol, the level of oxidative stress decreased significantly, which was manifested by the decrease of ROS content, the raise of GSH level, and the decrease of NADPH oxidase activity in the IR group.
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  Effect of Kaempferol Treatment on Expressions of SIRT3 and Apoptosis-Related Proteins of H9C2 Cells with IR

  The current studies showed that SIRT3 has a significant anti-ROS effect, which is associated with the changes in apoptosis-related proteins19. In this study, we sought to investigate whether the anti-ROS effect mediated by kaempferol was associated with SIRT3 in myocardial cells. As shown in Figure 2, the expression of SIRT3 and antiapoptotic protein Bcl2 decreased significantly after IR treatment, while the expression of apoptotic protein Bax increased significantly (P<0.05). However, pretreatment with 1 and 5 µM kaempferol increased the expressions of SIRT3 and Bcl2 but inhibited the expression of Bax in H9C2 cells (P<0.05).
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  Effects of SIRT3 on the Viability of H9C2 Cells with IR Mediated by Kaempferol

  Next, we explored whether SIRT3 was involved in the increased viability of H9C2 cells with IR injury mediated by kaempferol. The cells were divided into the IR group, IR + SIRT3 siRNA group, IR + kaempferol group, and IR + SIRT3 siRNA + kaempferol group. As shown in Table 2, SIRT3 siRNA treatment had no significant effect on the viability of control cells (P>0.05). However, SIRT3 siRNA treatment significantly decreased cell viability (P<0.05) in the IR + kaempferol group, suggesting that the protective effect of kaempferol was dependent on SIRT3 in H9C2 cells.
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  Effects of SIRT3 on Oxidative Stress Levels of H9C2 Cells with IR Mediated by Kaempferol

  As shown in Figure 3, SIRT3 siRNA treatment had no significant effect on oxidative stress levels of H9C2 cells with IR treatment. However, the oxidative stress levels increased significantly after the downregulation of SIRT3 expression in H9C2 cells in the IR + kaempferol group, with ROS content and NADPH oxidase activity increased, and GSH level decreased (P<0.05).
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  Effects of SIRT3 on the Expression of Apoptotic-Related Proteins Mediated by Kaempferol in H9C2 Cells with IR

  As shown in Figure 4, the expression of SIRT3 decreased significantly when mediated by SIRT3 siRNA treatment; the changes of Bcl2 and Bax expression were not obvious in H9C2 cells treated with IR. However, the expression of Bcl2 decreased but Bax increased after SIRT3 siRNA treatment in H9C2 cells in the IR + kaempferol group. These results suggested that SIRT3 played an important role in the expression of apoptotic-related proteins in H9C2 cells with IR (P<0.05).
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  Effect of Kaempferol Pretreatment on IR in Mice

  We also investigated the protective effect of kaempferol in vivo using the mice model, with detection of left ventricular ejection fraction (LVEF) and left ventricular fractional shortening (LVFS) levels by cardiac ultrasonography. The mice were divided into the control group, IR group, and IR + kaempferol (10 mg/kg) group. As shown in Figure 5, after IR treatment, the LVEF in mice was decreased significantly, compared to the control group (P<0.05). After pretreatment with 10 mg/kg kaempferol, the LVEF in mice with IR was increased (P<0.05). In addition, with the IR treatment, the LVFS value in mice decreased significantly. However, after pretreatment with 10 mg/kg kaempferol, the LVFS in mice with IR was increased (P<0.05). These results suggested that kaempferol had a protective effect on IR in vivo.
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  DISCUSSION

  The pathological mechanism of myocardial IR injury is related to ischemia and hypoxia of local myocardial tissue, which could cause hypoxic injury of myocardial cells. In addition, the oxygen-free radicals in myocardial cells explode after blood supply recovery, which further aggravates myocardial cell injury. Therefore, how to alleviate myocardial IR injury is a hot and difficult topic in the field of coronary heart disease clinical and experimental research. Most of the studies found that oxidative stress contributed to the development of IR20-22. Oxidative stress could cause mitochondrial dysfunction, increase ROS synthesis, decrease GSH level, increase NADPH reductase activity, and activate downstream apoptotic pathway23-25. Kaempferol is a flavonoid derivative with multiple biological effects. In recent years, it has been found that kaempferol mediates the protective effects of IR injury in the heart, brain, kidney, and other organs15,26,27. In this study, we explore the effect of kaempferol on IR injury, and the results confirmed that kaempferol could effectively alleviate the damage of H9C2 cells induced by IR. Chen et al.28 have found that kaempferol can resist to lipopolysaccharide-induced myocardial injury in vitro and in vivo, and its molecular mechanism is related to the inhibition of oxidative stress. In our study, we observed that the oxidative stress levels in H9C2 cells increased after IR injury. After kaempferol treatment, oxidative stress indicators, ROS, and NADPH oxidase activity decreased significantly, and GSH increased significantly in in vitro models. These results suggested that kaempferol may play a role in myocardial protection by inhibiting oxidative stress stimulation.

  SIRT3 is a major mitochondrial deacetylase, which plays an important role in maintaining mitochondrial function and regulating the level of oxidative stress in cells29. Current reports have confirmed that activating SIRT3-related signaling pathways can significantly increase IR injury in the heart and brain20,30. However, whether SIRT3 was involved in the cardioprotective effect mediated by kaempferol was unknown. In the study, we detected the expression of SIRT3 in H9C2 cells after IR treatment and found that the expression of SIRT3 was significantly decreased. However, SIRT3 expression increased significantly after kaempferol treatment, accompanied by oxidative stress and the decline of apoptotic levels. These results implied that SIRT3 may be essential for the protective role mediated by kaempferol in IR. To further clarify the key role of SIRT3 in kaempferol's anti-IR injury, we used siRNA to downregulate the expression of SIRT3 and then applied IR treatment. The results showed that the protective effect of kaempferol was weakened, and the levels of oxidative stress and apoptosis were also increased after the expression of SIRT3 was knocked down. Together, these results suggest that SIRT3, as an important regulator of oxidative stress, is involved in the cardioprotective effect of kaempferol.

   

  CONCLUSION

  In summary, this study clarified the protective effect of kaempferol on IR injury of H9C2 cells and mice in vivo, and the SIRT3/oxidative stress pathway was involved in this process. Our findings could provide a theoretical reference for the development of cardioprotective drugs based on kaempferol.
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    ABSTRACT

    INTRODUCTION: At present, there are few reports regarding the issue of aortic reoperation due to its complexity and high risk and individual differences among patients.

    METHODS: From November 2016 to December 2017, the data from 35 cases of aortic reoperation at our institution, out of 212 consecutive aortic repairs, were reviewed. We retrospectively summarized and analyzed their surgical indications, operative data, time interval from previous aortic repair, and outcomes. The time intervals until reoperation were analyzed for differences.

    RESULTS: Patients’ mean age was 40.9±14.5 years, and 25 of them were men (71.4%). The indications for reoperation were aortic valvular problem (14.3%), aneurysmal dilatation (25.7%), pseudoaneurysm formation due to anastomotic leakage (43.2%), and aortic dissection (17.1%). For patients who had underwent primarily emergency operations due to aortic dissection, the time interval until reoperation (4.8±3.2 years) was significantly shorter than that of the whole group (5.5±3.6 years, P<0.01). Among the 35 reoperations, Sun’s procedure was selected for 16 patients (45.7%) with total aortic arch reconstruction. The average follow-up was 12 months (range 9-15 months). Hospital mortality was 5.7% (two patients). Among the hospital survivors there were no cases of death, rupture of residual dissection, paraplegia, or central nervous system complications during the follow-up period.

    CONCLUSION: Patients with acute aortic dissection required repeat surgery significantly earlier compared to other diseases. As to reoperation strategy, we recommend Sun’s procedure as the choice for extended arch reconstruction since minimal effect on overall mortality and complication rates were found.

    Keywords: Reoperation; Aneurysm; Aortic Dissection; Aorta; Vascular Surgical Procedures; Hospital Mortality.
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  INTRODUCTION

  During the past 10 years, a better understanding of various aneurysms, continuous improvements of surgical strategies and aortic techniques, and the emergence of new technologies and instruments have diversified the treatment of aortic aneurysms in China. However, due to the complexity of aortic disease, which is often multiple and recurrent in nature, aortic reoperation or multiple operations are quite common. At present, awareness about reoperation in aortic surgery has also increased, and several retrospective studies on aortic reoperation after acute dissection have surfaced in the recent years. Moreover, indications for a second surgery can be summarized as: progressive aortic insufficiency 1,progressive expansion of retained aortic root 2, distal pseudoaneurysm dilatation 3,4, poor perfusion syndrome 5, anastomotic leakage at proximal and distal ends of prosthesis or coronary anastomotic leakage after Bentall operation 6, and infection and structural failure or endovascular stent.

  Due to the complexity of aortic reoperation and individual differences among patients, there are currently few reports regarding this issue in the literature, and most of them are single-center reports with less than 30 cases 6. Advanced age, Marfan syndrome, and aortic dissection are the high-risk factors for aortic reoperation intervention. The rate of aortic reoperation intervention varies from 7% to 25%, and mortality rate varies from 5% to 20%. Recently, a report of a larger sample size came from Eduard Quintana, of Mayo Clinic, who reported that among 650 patients of aortic arch surgery, 26% (172) underwent aortic reoperation. A retrospective analysis of 168 of these 172 patients showed that their 30-day mortality rate was 8.3% and the incidence of thromboembolism was 5.4% 7. Also, a recent report in North America showed that mortality and embolization rates of aortic reoperation were 11.6% and 11%, respectively 8. However, there are currently very few reports about this kind of reoperation in China. Hence, we retrospectively summarized 35 cases of aortic reoperation and analyzed their causes, surgical methods, and results, attempting to accumulate data as well as experience for secondary aortic surgery.

   

  METHODS

  Study Subjects

  This is a retrospective study. Thirty-five patients (16.5%) underwent reoperation in a total of 212 patients of aortic surgery in Shanghai Deltahealth Hospital between November 2016 and December 2017. Cases of infection and damage of vascular grafts or endovascular stents were excluded from the study. Reoperations mainly involved the ascending aorta and the aortic arch (median incision); reoperations for thoracic descending aorta and thoracoabdominal aortic aneurysm (lateral thoracic incision) were not included in this study. This study focused on unplanned reoperations which were closely correlated with the first operations. These reoperations are secondary to distal progression of aortic disease or complications of previous procedures. Therefore, we excluded scheduled reoperations for descending thoracic aorta or abdominal aorta, for example, in patients with Marfan syndrome. This study was approved by the Ethics Committee of Deltahealth Hospital Shanghai - approval number SDH (2018) KYLWPJ 001.

  Preoperative Evaluation and Operation Strategy

  All 35 patients underwent preoperative aorta computed tomography (CT) angiography and echocardiography. The CT imaging was focused on the diameter of different parts of aorta, anatomical characteristics of each aortic branch, residual aortic dissection and atherosclerotic plaque, and the distance between the sternum and thoracic structures. Echocardiography was focused on valve regurgitation, shunt location and distance from proximal and distal anastomotic leakage, combined with specific localization by CT, which was critical for decision of surgical strategy.

  In order to ensure the safety of the procedure, all the operations were performed under general anesthesia, routine central venous catheterization, nasopharyngeal and bladder temperature monitoring, and continuous cerebral oxygen saturation monitoring. A midline incision was performed during reoperation for all the patients in this group, femoral artery and vein or axillary artery were exposed. A preoperative CT evaluation of the distance between the sternum and vital organs was mandatory. If the distance between the sternum and vital organs was < 0.5 cm, thoracotomy was performed only after direct femoral arteriovenous cannulation. Moreover, for venous blood return, catheterization was performed in either femoral vein or right atrium. After aortic occlusion, anterograde myocardial perfusion was instituted followed by direct perfusion into left and right coronary artery orifices. For patients who required aortic arch reconstruction, deep hypothermic circulatory arrest with nasopharyngeal temperature at 22-25℃ was adopted. Anterograde unilateral cerebral perfusion (5 ml/kg/min) was administered to all patients, and bilateral cerebral oxygen changes were closely monitored while administering it. In patients with high-risk factors for circulation deficiency in Circle of Willis, intraoperative cerebral oxygenation was not satisfactory, and an immediate change to bilateral anterograde cerebral perfusion was started.

  Follow-up

  Follow-up evaluation included aortic CT angiography prior to discharge, reevaluation of echocardiography, telephone follow-up, and online follow-up. Moreover, at six and 12 postoperative months there were another aortic CT angiography and echocardiography to check the valvular condition, cardiac function, aortic graft, and condition of thrombosis at distal residual dissection.

  Statistical Analysis

  All values are expressed as the mean ± standard deviation or percentages. Differences between patient groups were tested by univariate analysis (two-tailed t-test). Findings of P<0.05 were considered statistically significant; P<0.01 was considered very statistically significant. All analyses were performed using the IBM Corp. Released 2015, IBM SPSS Statistics for Windows, Version 23.0, Armonk, NY: IBM Corp. software.

   

  RESULTS

  For detailed clinical data please refer to Table 1. The reoperation cohort consists of 25 males (71.4%) with an average age of 40.9±14.5 years. Among them, two (5.7%) underwent emergency operation and 18 (51.4%) had Marfan syndrome; six patients (17.1%) underwent a third aortic operation. First operations were all performed in other hospitals, the methods and indications of those operations were summarized in Table 2. The main causes of reoperation were: 1) aortic valve-related factors (including valve regurgitation, structural and perivalvular leakage) in five (14.3%) patients; 2) aneurysmal dilatation of aortic root in four (11.4%) patients; 3) pseudoaneurysm formation in proximal anastomotic leakage (including coronary anastomotic leakage) in 11 (31.8%) patients; 4) aneurysmal dilatation of aortic arch in five (14.3%) patients; 5) pseudoaneurysm formation in distal anastomotic leakage in four (11.4%) patients; and 6) redissection in six (17.1%) patients (Table 3).
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  In this study the average interval of reoperation was 5.5±3.6 years. The time interval between first emergency operation for acute type A aortic dissection and reoperation was 4.8±3.2 years, which was significantly shorter than that of the entire group (P<0.01, Table 4).
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  Details of the methods of reoperation are listed in Table 5. There were nine cases (25.7%) of direct repair of anastomotic leakage, and 16 cases (45.7%) were treated with variants of the Sun’s procedure. The Sun’s procedure is a surgical technique proposed by Dr. Li-Zhong Sun in 2002 that integrates total aortic arch replacement using a tetrafurcated graft with implantation of a specially designed frozen elephant trunk (Cronus®) in the descending aorta. It is used as a treatment option for extensive aortic dissections or aneurysms involving the ascending aorta, aortic arch, and the descending aorta. Sun’s procedure plays an important role in aortic reoperation, especially in reoperations of the aortic arch 9,10. In 10 cases (28.6%), direct femoral arteriovenous cannulation was first performed, and three cases (8.6%) had rupture of the original vascular prosthesis during thoracotomy. When rupture of vital organs occurred during thoracic entry, the sternum was closed quickly with towel clips, and femoral arteriovenous catheterization was carried out immediately. Axillary artery was used in two cases (5.9%), femoral artery in 26 cases (76.5%), and ascending aorta in six cases (17.6%).
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  From the entire group of patients, 34 (97.1%) underwent cardiopulmonary bypass during reoperation, the mean cardiopulmonary bypass time was 157.9±58.8 minutes, and aortic occlusion time was 91.3±31.8 minutes. Of these 34 cases, deep hypothermic circulatory arrest was adopted in 18 cases (51.4%) and the mean time of cerebral perfusion after circulatory arrest was 21.7±9.3 minutes. Postoperative intensive care unit (ICU) stay for over 10 days occurred in two cases (5.7%). The remaining 33 patients (94.3%) had an average of 2.3±1.1 days of ICU stay. Time on ventilator was 6.4±4.2 hours, including one case of reintubation (2.85%), one case of rethoracotomy (2.85%, coronary artery bypass grafting [CABG] + resection of ventricular aneurysm), and one case of intra-aortic balloon pump (IABP) implantation (2.85%). No case of rethoracotomy for hemostasis due to excessive drainage was reported. There was no case of permanent pacemaker implantation. Mean intraoperative erythrocyte transfusion was 3.5±2.7 units.

  Of the 35 patients reoperated, two patients (5.7%) died in the hospital and stroke occurred in two patients (5.7%) within 30 days postoperatively. The first mortality case was a patient who underwent surgery eight years before for aortic root aneurysm and came for reoperation due to formation of a giant pseudoaneurysm (53 mm × 75 mm) on the ascending aorta. The main left coronary artery involved was unclear on CT, and pulmonary artery and left atrium were obviously compressed. Intraoperative exploration revealed absence of left coronary artery opening in the left coronary sinus, and a giant pseudoaneurysm could be seen under the right pulmonary artery. It was found that the body of the aneurysm was connected to the coronary artery being incised. An excision of the pseudoaneurysm and a tricuspid valvuloplasty were performed. However, there was a post-pericardiotomy low cardiac output (echocardiographic indication due to pulmonary artery compression) and the patient died on the fifth day after operation. The other patient underwent Bentall operation three years before. Reoperation was performed for aneurysmal dilatation of ascending aorta (diameter 62 mm) and anastomotic leakage of left coronary artery (3 mm). The patient underwent repair of coronary artery leakage, but low cardiac output appeared on the first day after operation. An IABP was implanted, but still a left ventricular aneurysm appeared on echocardiography. Considering the unsatisfactory results of the coronary artery repair, CABG + ventricular aneurysm resection were performed again on the 17th day after operation and the patient died on the 20th day. Postoperative brain complications occurred in two cases (5.7%), one with delirium and other brain symptoms, and the other with multiple small-area cerebral infarctions; both patients recovered smoothly after treatment and were discharged from hospital.

  All hospital survivors were discharged smoothly and were followed up for an average of 12 months (range 9-15 months). There were no cases of death, rupture of residual dissection, paraplegia, or central nervous system complications during the follow-up period up to 15 months postoperatively (Table 6).
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  DISCUSSION

  Reoperation of the aorta is an issue of great complexity and variability, this is correlated with the diversified techniques used in the first operation, each of which presents with different clinical and anatomical characteristics. This is especially true when the first operation was an emergency aortic dissection surgery. Due to the diverse pathologic features in different aortic segments, the selection of surgical technique would be highly individualized. However, in general, the main goals of the first operation are: 1) avoiding rupture of aortic aneurysm; 2) curing pericardial tamponade; 3) resuming adequate and effective blood perfusion to minimize malperfusion. Through 20 years of follow-up, Piccardo A et al. 11 verified that simple ascending aortic replacement (above the coronary orifice) or additional aortic valve suspension technique have showed good reliability. In recent years, with the continuous progress of brain protection technology 12-14, more medical centers began to ignore the primary tear site and directly perform a full arch elephant trunk procedure. Some researchers believe that a more thorough surgical procedure during the first operation will reduce the rate of reoperation in the proximal and distal ends, as well as improve long-term survival 4,15-17. On the other hand, it has not been shown to decrease the probability of reoperations significantly and was even associated with increased risk in a few clinical researches 16,18. Obviously, the persistent issue is still of debate. In fact, routine extension of replacement into the total aortic arch in the initial operation has not been adopted in most medical centers currently 19. It is more advisable for connective tissue disease. In our medical center, we tend toward a more aggressive approach using total replacement of the ascending aorta and aortic arch combined with stented elephant trunk implantation (Sun’s procedure) in patients with acute type A dissection. One important consideration is that in China patients with acute type A dissection are of younger age than those in western countries. The mean age of Chinese patients is in the forties 20. The common causes of aortic dissection are uncontrolled hypertension instead of degenerative aneurysm. Young patients and less degenerative aorta may contribute to lower perioperative mortality with the more invasive procedure. This supposition lacks evidences and needs substantial clinical data in the future.

  There are still very few reports about aortic reoperation in China and worldwide; moreover, reoperation patients recruited in existent researches were of highly varied aortic pathology, and most researches had limited sample sizes. Schäfers et al. 21 reported that 10 years after the first operations on acute type A aortic dissection, the probability of avoiding reoperation was about 70%-80%, the mortality of proximal end aorta reoperation was about 10%, and the mortality of distal end aorta reoperation was about 0-4%. Kirsch et al. 22 summarized 160 cases of surgical treatment of type I aortic dissection; among them, 30 patients (18.8%) underwent 36 reoperations. Recently, statistics from a large cohort of reports showed that the rate of reoperation after acute dissection was 20.2% (47/232), the average interval time between operations was 5.2±5.3 years, and the mortality rate was 7.7% 23,24. Moreover, the main cause of reoperation of aorta includes (disregarding planned phase 2 thoracoabdominal aortic surgery): valve regurgitation, dilated aneurysms proximal or distal to the surgical site on the arteries, proximal and distal anastomotic leakage (coronary anastomotic leakage), pseudoaneurysm formation, a new aortic dissection or aneurysm, and infection of vascular prosthesis, etc.

  In our current study, the group of 35 patients who underwent reoperation accounted for 16.5% of all major vascular operations in our center. Because all the 35 patients underwent the first operation in other medical services and were referred to our hospital, we could not infer the reintervention rate. However, during the outpatient clinic and follow-up visits, we discovered that a considerable number of patients chose to abandon surgery and switch to conservative treatment despite the need for reoperation, this is either due to their fear of uncertainty towards the reoperation or for financial reasons. Moreover, this part of the data is not included in the statistics, thus the reoperation rate of major vascular surgery in China needs further investigation based on multicenter studies in the future. In this study, the average interval of reoperation was 5.5 ±3.6 years. The time interval between first operation for emergency dissection and reoperation was 4.8±3.2 years, which was significantly shorter than that of the entire group. Moon 16 and Bachet 25 also found that primary emergency operation for acute type A dissection was a risk factor for reoperation and these surviving patients tended to require repeat operations much earlier compared with those who did not undergo primary emergency operations. Therefore, if the first operation is an emergency dissection, we should pay more attention to the choice of surgical method and the perfection of surgical technique. According to several clinical researches in China, Sun’s procedure showed to be an effective treatment option for extensive and complex aortic repairs 26-28. It is reasonable to suppose that the application of Sun’s procedure might reduce the reoperation rate in the long term.

  Thorough understanding of the first operation is an important factor for choosing the appropriate strategy for aortic reoperation, as well as in the consideration of method and extent of management 12,29,30. For a second thoracotomy, it is very important to perform a preoperative CT to evaluate the posterior sternal distance, especially to evaluate the gap between the sternum and vascular prosthesis. If the distance is < 0.5 cm, we recommend performing thoracotomy only after direct femoral arteriovenous cannulations. Furthermore, in case of rupture of vital organs or vascular prosthesis, the sternum can be closed quickly with towel forceps, and emergency femoral arteriovenous cannulation and catheterization should be carried out simultaneously. Also, the use of a balloon catheter in this group has also achieved good temporary hemostasis in the absence of massive bleeding.

  No matter which kind of operation method was selected, each patient in this study was prepared for deep hypothermic circulatory arrest, routine cerebral oxygen monitoring, and transesophageal echocardiography. It would be easier to identify intraoperatively the problem of the first operation. Especially for patients with anastomotic leakage complicated with pseudoaneurysm formation, location of the leakage by transesophageal echocardiography was subsequently verified by intrathoracic and extracardiac exploration during surgery. Transesophageal echocardiography played a very important role in guiding the specific operation in the following ways: enhancing the certainty and reliability of the repair of anastomotic leakage, avoiding a series of side injuries caused by repeated operation, and avoiding blindly enlarging the extent of the operation, thus reducing the complexity and difficulty of the operation for better outcome.

  Owing to the selection of appropriate surgical methods and continuous comprehensive surveillance, this group of patients achieved good clinical results. In this group, the mortality rate was 5.7% and the incidence of complications was also 5.7%. Cardiopulmonary bypass time was 157.9±58.8 minutes and aortic occlusion time was 91.3±31.8 minutes. The length of cerebral perfusion after circulatory arrest was 21.7±9.3 minutes, ventilator-assisted time was 6.4±4.2 hours, and duration of ICU stay was 2.3±1.1 days. Compared with similar reports in the literature, this is a relatively good experience 7,27. In this group, 16 cases (45.7%) underwent reoperation using Sun's procedure. We believe that the overall mortality and complication rates were not affected by extended arch reconstruction during aortic reoperation. Reoperations to address the aortic arch have acceptable short-term mortality and morbidity based on our data. In addition, with regards to the repair of coronary anastomotic leakage or proximal and distal leakage, transesophageal echocardiography monitor reduced the difficulty of the operation, avoided cardiopulmonary bypass, simplified the technique, ensured the effectiveness of operation, and reduced the side effects of reoperation. The two cases of death in this group were reoperations involving the coronary artery, so more caution should be emphasized to the reoperations involving the coronary artery. In cases with concomitant coronary complications, may aggressive coronary bypass be considered to reduce mortality and morbidity rates? We will closely observe and follow-up these cases in our future work.

  Limitations

  There are some limitations in this report, including the short follow-up time, the diversification of surgical methods used in the first operation, and the different reasons for reoperation, all these will certainly have an impact on our results. In future studies, we will strive to further expand the sample size, to extend the follow-up time, and to look for new key findings in different methods of aortic reoperation.

   

  CONCLUSION

  Patients who underwent operation for acute aortic dissection required repeat surgery significantly earlier compared to other diseases. As to reoperation strategy, we recommend the procedure of choice for extended arch reconstruction to be Sun's procedure, since minimal effect on overall mortality and complication rates were found.
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    ABSTRACT

    OBJECTIVE: To investigate the expression level and significance of T cell immunoglobulin and mucin-domain containing molecules-3 (Tim-3) and interleukin-7 (IL-7) in CD4+ T lymphocytes in peripheral blood of patients with coronary heart disease (CHD). 

    METHODS: 75 patients with CHD treated at our hospital were selected and classified as mild group (25 cases), moderate group (25 cases) and severe group (25 cases), according to the severity of illness. Twenty-five healthy volunteers who underwent a physical examination at our hospital during the same period were selected as the control group. The expression level of Tim-3 in CD4+ T lymphocytes in peripheral blood of patients in four groups was detected by flow cytometry and quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR). The expression level of IL-7 in peripheral blood serum was measured by enzyme-linked immunosorbent assay (ELISA). Correlation analyses of Tim-3 and IL-7, Tim-3 and disease severity and IL-7 and disease severity were performed, respectively. 

    RESULTS: Flow cytometry and qRT-PCR demonstrated that the expression of Tim-3 in CD4+ T lymphocytes in peripheral blood of patients with CHD increased with the aggravation of the disease. ELISA showed that the tendency of IL-7 expression in peripheral blood serum was consistent with the expression of Tim-3, and the expression of Tim-3 had a positive correlation with IL-7. The expression levels of both Tim-3 and IL-7 were positively correlated with the Gensini score. Conclusion: The expression of Tim-3 and IL-7 in peripheral blood of patients with CHD was upregulated and increased with the aggravation of CHD. 

    Keywords: Coronary Disease. CD4-Positive T-Lymphocytes. Interleukin-7. IL7 protein; human. Severity of Illness Index. Mucin-3. Flow Cytometry. Serum.
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  INTRODUCTION

  In recent years, the incidence, disability rate and mortality from coronary heart disease (CHD) have increased due to the faster pace of life 1, imbalanced dietary pattern 2, smoking and alcohol consumption 3,4 and other factors, which seriously threaten human health. Inflammation is an important factor for both the progression of coronary disease and the instability of coronary plaques 5,6. 

  T-cell immunoglobulin and mucin-domain containing molecules-3 (Tim-3), a marker of Th1 cells, plays an important regulatory role in immunoregulation and tolerance. Tim-3 has been demonstrated to regulate a range of inflammatory diseases through multiple signaling pathways 7,8. In addition, Tim-3, which is highly expressed in natural killer (NK) cells, can serve as a potential marker of disease progression in atherosclerosis 9. However, the expression and role of Tim-3 in CD4+ T lymphocytes in peripheral blood of patients with CHD are unknown. Interleukin-7 (IL-7) is also closely related to the occurrence and development of CHD 10, and has been demonstrated to induce the expression of Tim-3 on human T cells 11. Therefore, in this study, we detected the expression of Tim-3 in CD4+ T lymphocytes in peripheral blood and the expression of IL-7 in peripheral blood serum of patients with CHD, to analyze the effect of Tim-3 on the progression of CHD and its possible mechanism.

   

  METHODS

  General Materials

  A total of 75 patients with CHD who received treatment at our hospital from January 2018 to December 2019 were selected, as well as 25 healthy volunteers who underwent physical examination at our hospital during the same period. All study subjects have understood the content of the topic under study and signed the informed consent form.

  Selection Criteria

  Inclusion criteria were: patients diagnosed with CHD by coronary angiography; patients who met the diagnostic criteria of the World Health Organization for CHD; patients with no history of allergy to contrast media; patients without contraindications to statins; patients whose blood routine, liver and kidney function indexes were normal.

  Exclusion criteria were: patients with malignant tumors or infectious diseases; patients with cerebrovascular diseases, autoimmune diseases and diabetes; patients allergic to statins; patients with valvular heart disease; patients with liver and kidney dysfunction.

  Evaluation Criteria for The Degree of Coronary Lesion

  The degree of coronary lesion in patients was systematically evaluated according to the Gensini scoring system. According to the degree of stenosis observed by coronary angiography, the single lesion score was as follows: ≤25% was scored as 1 point, 25-50% as 2 points, 50-75% as 4 points, 75-90% as 8 points, 90-99% as 16 points, and 100% as 32 points. The score of the lesion site was obtained by the score of a single lesion × corresponding coefficient, and the calculation method was as follows: left main coronary artery × 5, position of coronary circumflex ostium × 3.5, proximal coronary circumflex artery × 2.5, proximal anterior descending coronary artery × 2.5, middle anterior descending coronary artery × 1.5, distal coronary artery and first diagonal branch × 1, distal coronary circumflex artery × 1, left coronary artery × 0.5, and other branches × 1. The score sum was the total Gensini score: 0-30 points were considered mild, 30-60 points were considered moderate, and more than 60 points were considered severe disease.

  Detection Index

  Instruments and reagents: CD4+ T lymphocyte isolation kit was purchased from Miltenyi, Germany. Antibodies used for flow cytometry, including anti-CD4+-APC Cy7 and anti-Tim-3-PE Texas Red, were purchased from BD, USA. IL-7 ELISA kit was purchased from Solarbio (Art. No.: SEKH-0015). Flow cytometry was a product of BD, USA.

  Collection and Processing of Peripheral Blood

  In the morning, after 8 hours of fasting, 10 ml of peripheral venous blood samples were collected from all study subjects in anticoagulant tubes. Then the peripheral venous blood was isolated and purified using a CD4+ T lymphocyte isolation kit (Miltenyi, Germany) according to the instructions, and was used subsequently for the detection of Tim-3 by flow cytometry and quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR). In addition, 5 ml of peripheral venous blood samples were collected in non-anticoagulant tubes. After standing and separation, the upper serum was collected and cryopreserved for subsequent ELISA assay.

  Flow Cytometry

  The isolated and purified CD4+ T lymphocytes were transferred to a flow cytometry tube. After washing with equilibrium buffer, CD4+-APC Cy7 (BD, USA) and anti-Tim-3-PE Texas Red (BD, USA) were added to incubate at 4 ºC in the dark for 30 min. After washing again with equilibrium buffer, 2% paraformaldehyde (prepared by PBS) was added to fix before it was loaded on the machine for detection.

  qRT-PCR

  Total RNA was extracted using TRIzol (Invitrogen, Carlsbad, CA, USA). Reverse transcription of RNA into cDNA was performed using a reverse transcription kit (TaKaRa, Tokyo, Japan), and all procedures were performed according to the kit instructions. Expression of genes was detected using a LightCycler 480 (Roche, Indianapolis, IN, USA) quantitative fluorescence polymerase chain reaction (PCR) instrument, and reaction conditions were performed according to the operating instructions of the quantitative fluorescence PCR kit (SYBR Green Mix, Roche Diagnostics, Indianapolis, IN). Thermal cycling parameters were as follows: first 95 ºC for 10 s, followed by 45 cycles of 95 ºC for 5 s, 60 ºC for 10 s, and 72 ºC for 10 s, and the final 72 ºC were extended for 5 min. Three replicates were set up for each reaction of quantitative PCR. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal reference. The 2− ΔΔCt method was used for data analysis. Gene primer sequences are shown in Table 1.
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  ELISA Assay

  The level of IL-7 in peripheral blood serum was detected using an IL-7 ELISA kit (SEKH-0015, Solarbio, Beijing, China) in strict accordance with the instructions of the kit.

  Statistical Processing

  The experimental results were statistically analyzed using SPSS 19.0 software. The means of each group were expressed as mean±standard deviation (SD). One-way analysis of variance was used when multiple groups of data were compared. Correlation analysis was performed using the Pearson correlation test. A P<0.05 was considered statistically significant.

  RESULTS

  Tim-3 Was Upregulated in CD4+ T Cells in Peripheral Blood of Patients with Coronary Heart Disease

  We first isolated and purified CD4+ T cells from peripheral blood and detected the expression of Tim-3 in CD4+ T cells using flow cytometry and qRT-PCR, respectively. The flow cytometry results (Figures 1A to E) demonstrated that the expression of Tim-3 was significantly increased in CD4+ T cells in peripheral blood of patients with CHD in mild, moderate and severe groups compared with the control group (P<0.05 or P<0.0001). The expression of Tim-3 in CD4+ T cells in peripheral blood increased as the disease worsened, which meant that the expression of Tim-3 was the highest in the severe group. The results and trends of qRT-PCR were consistent with those of the flow cytometry (Figure 1F), that is, the expression level of Tim-3 in CD4+ T cells in peripheral blood increased with aggravation in mild, moderate and severe groups compared with the control group. These results indicated that the expression level of Tim-3 in CD4+ T cells in peripheral blood was increased in CHD and was associated with aggravation.
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  The Level of IL-7 Was Upregulated in Peripheral Blood Serum of Patients with Coronary Heart Disease

  Next, we detected the expression of IL-7 in peripheral blood serum of study subjects in each group by ELISA. Figure 2 shows that, compared with the control group (6.75±0.94), the expression of IL-7 in the peripheral blood serum of patients with CHD in mild, moderate, and severe groups was significantly upregulated (P<0.05 or P<0.01). The expression level of IL-7 was upregulated as the disease worsened (P<0.05). That is, compared with the mild group, the expression of IL-7 was higher in moderate and severe groups; while compared with the moderate group, the expression level of IL-7 was higher in the severe group. The difference was statistically significant. These results indicated that the expression of IL-7 in peripheral blood serum of patients with CHD was upregulated and associated with the severity of the disease.
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  Correlation Analysis of Expression Levels of Tim-3, IL-7 and Severity of Disease

  The results of the aforementioned studies indicated that the expression levels of both Tim-3 and IL-7 were correlated with disease severity. And the more severe the disease, the higher the expression levels. Therefore, we then used Pearson correlation test to analyze the correlation between the expression of Tim-3 in CD4+ T lymphocytes in peripheral blood and the level of IL-7 in peripheral blood serum. At the same time, we respectively analyzed the correlation between these two and the level of Gensini score. As shown in Figure 3, the expression level of mRNA of Tim-3 was positively correlated with IL-7 (P<0.0001), which was consistent with the results reported in the literature 11. Therefore, we inferred that the high expression of Tim-3 in CD4+ T lymphocytes in peripheral blood of patients with CHD may be related to the high level of IL-7 in peripheral blood serum. The results in Figure 3B showed that the level of IL-7 in peripheral blood serum of patients with CHD was positively correlated with Gensini score (P<0.0001). The results in Figure 3C showed that the expression of Tim-3 in CD4+ T lymphocytes in peripheral blood of patients with coronary heart disease was positively correlated with Gensini score (P<0.0001), indicating that Tim-3 and IL-7 were indicators of CHD progression. In summary, Tim-3 in CD4+ T lymphocytes in peripheral blood of patients with CHD may be associated with elevated IL-7 in peripheral blood serum of these patients, which can be used as a predictor of disease progression in CHD.
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  DISCUSSION

  It is generally accepted that the occurrence and development of CHD are associated with the immune-inflammatory response. Tim-3 is a member of the TIM gene family. As a negatively regulated immune checkpoint, Tim-3 is expressed in a variety of immune cells in vivo, including T cells, dendritic cells, B cells, macrophages, NK and mast cells 12. Tim-3 has four main ligands, including galectin-9 (Gal-9), carcinoembryonic antigen cell adhesion molecule-1 (CEACAM-1), high mobility group box-1 (HMGB1), and phosphatidylserine (PS). Among them, Tim-3 negatively regulates regulatory T cells by binding to Gal-9, thus suppressing tumor immunity 13. 

  Therefore, Tim-3 has emerged as a potential target for cancer immunotherapy. The immunosuppressive mechanism of Tim-3 has a dual role, which can not only mediate immune tolerance during cancer treatment, but also plays an immunoprotective role in some infectious diseases. Kared et al. 14 found that, in acute hepatitis C, the signaling pathway mediated by Tim-3 could inhibit IL-21 secreted by Th17 cells and enhance the function of regulatory T cells, thus protecting the body from damage caused by the excessive immune-inflammatory response 15. 

  In this study, we found that Tim-3 was significantly increased in CD4+ T cells in peripheral blood of patients with CHD, especially in the severe group, where the expression of Tim-3 was the highest. Combined with the reported literature, we inferred that elevated Tim-3 may negatively regulate the immune-inflammatory response by inhibiting T cell function, thus preventing the myocardium from damage caused by excessive immune attack, which in turn delayed the progression of the disease.

  IL-7 is a 25kDa secretory soluble globulin encoded by IL-7 gene, and its receptor (IL-7R) is a heterodimeric complex composed of IL-7Rα (encoded by IL7R) and a common gamma chain (encoded by IL2RG) 16. 

  IL-7 plays a crucial role in regulating the homeostasis of immune cells such as T cells 17. Zhu et al. 18 reported that IL-7 induced by Schistosoma japonicum infection significantly inhibited macrophage autophagy triggered by schistosome egg antigens, which resulted in liver disease. The study results by Li et al. 19 suggested that IL-7 could promote the progression of atherosclerosis by activating endothelial cells and monocytes/macrophages through PI3K/AKT-dependent and NF-κB-independent activation. Domås et al. 20 similarly concluded that IL-7-mediated inflammation promoted the formation of atherosclerosis and led to clinical instability in CHD. The mechanisms involved included interactions between platelets, monocytes, and chemokines. Given that IL-7 has been reported to upregulate the expression of Tim-3 in human T cells 11, we selected IL-7 in this study to investigate the reasons for the upregulation of Tim-3 in CD4+ T cells in peripheral blood of patients with CHD. 

  In this study, we found that the IL-7 level in peripheral blood serum of patients with CHD increased with the worsening of the disease, which was consistent with the reported results in the literature. In addition, we also found that the expression of both Tim-3 and IL-7 was positively correlated with the severity of CHD. As mentioned earlier, the upregulation of Tim-3 in infectious diseases can induce immune tolerance, thus protecting the body from excessive attack by the immune system. Combined with the reported literature, we inferred that upregulated IL-7 in peripheral blood serum of patients with CHD could play a protective role by promoting the expression of Tim-3. In summary, IL-7 had a dual effect on coronary atherosclerotic disease, which could promote the formation of atherosclerosis by activating monocytes/macrophages 19 and platelets 20, etc., and could also upregulate the level of Tim-3 in CD4+ T cells in peripheral blood of patients with CHD. The latter effect dominated the negative regulation of immune-inflammatory response. However, we required further explorations to determine whether IL-7 could positively regulate Tim-3 in CD4+ T cells in peripheral blood, whether the function of CD4+ T cell in peripheral blood was thereby inhibited, and what roles did IL-7/Tim-3 regulatory axis play in coronary atherosclerotic disease.

   

  CONCLUSION

  In this study, we found for the first time that the expression of Tim-3 was upregulated in CD4+ T lymphocytes in peripheral blood of patients with CHD, and the expression of IL-7 was also increased in peripheral blood serum of patients with CHD, which meant they had a positive correlation. Therefore, we inferred that IL-7 may upregulate the expression of Tim-3, and the expression levels of both Tim-3 and IL-7 were positively correlated with the Gensini score. Therefore, we further inferred that Tim-3 and IL-7 can be used as potential biomarkers to predict severity in CHD.
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    ABSTRACT

    INTRODUCTION: Oral anticoagulants are the treatment of choice for diverse types of coagulation disorders. Warfarin is widely used by the Brazilian population, possibly due to its lower cost than other oral anticoagulants. However, it has a high risk of serious adverse effects if used incorrectly. The Anticoagulation Knowledge Tool (AKT) can assess a patient’s knowledge about her/his oral anticoagulant therapy and can assist health professionals in identifying patients with difficulties in adherence. This study aimed to translate, culturally adapt, and validate the AKT into Brazilian Portuguese.

    METHODS: After a standard forward-backward procedure to translate the AKT into Brazilian Portuguese (AKT-Br), a version of the instrument was applied in three groups (patients, pharmacists, and the general population). The reliability of the AKT-Br was tested using an internal consistency measure and test-retest. The validity of the instrument was confirmed with data from the contrasted groups. All statistical analyses were performed with RStudio.

    RESULTS: The median scores obtained with the AKT-Br were 29.0, 17.0, and 7.5 for pharmacists, patients, and the general population, respectively (maximum score of 35 points). There was moderate internal consistency for the instrument and test-retest reliability was satisfactory. Analysis of variance for validity of the groups revealed a significant relationship between the total score and the evaluated groups.

    CONCLUSION: The ATK-Br is a reliable and valid tool to assess knowledge about oral anticoagulants. AKT-Br can be used in clinical practice as an auxiliary tool to improve patient care through personalised educational interventions.

    Keywords: Anticoagulants; Warfarin; Surveys and Questionnaires; Medication Adherence; Translating; Reproducibility of Results; Decision Support Techniques.
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  INTRODUCTION

  Atrial fibrillation and deep vein thrombosis are associated with substantial morbidity and mortality worldwide, resulting in medical and economic burdens1,2. Patients with atrial fibrillation have a fivefold increased risk of stroke and related death compared with patients without this condition3,4.

  Oral anticoagulant therapies (OAC), which are broadly classified into vitamin K antagonists (VKA) and direct oral anticoagulants (DOAC), are highly effective for the management of thromboembolic disorders; their use reduces the risk of stroke and systemic embolism by around two thirds5,6. However, these therapies are considered high-risk medications. Although VKA have been used for more than 50 years, they require intensive coagulation monitoring, are characterised by wide variation in dose-response relationships, and have been associated with multiple drug-food and drug-drug interactions7,8. DOAC were recently introduced into clinical practice with the aim to overcome some of the limitations of VKA; however, some DOAC present narrow therapeutic windows, a factor that contributes to reduce adherence rates8.

  Patients with great knowledge of their medication and clinical condition can participate in self-management, are more likely to adhere to treatment, and have a positive control of their coagulation compared with those with inadequate knowledge, in whom it is common to observe difficult coagulation control, increased risk of bleeding, and more readmissions9-13. In this context, a number of tools have been developed to assess a patient’s knowledge on OAC14,15, including the Anticoagulation Knowledge Tool (AKT) that covers patients who are prescribed DOAC or VKA.

  The AKT measures a patient’s knowledge of her/his treatment. According to the results obtained with this tool, health professionals can select other interventions for the needs of each patient, such as providing guidance on diet, possible drug interactions, and the importance of keeping the international normalized ratio (INR) in an ideal range. However, evidence regarding the AKT psychometric proprieties, validity, and reliability are unavailable in non-English speaking settings, such as for the Brazilian Portuguese population. Translation and cross-cultural validation methods allow valid translations of psychometric tools from one language to another16,17. Thus, we aimed to provide further evidence on the validity of the AKT and to develop the Brazilian version of this tool (AKT-Br).

   

  METHODS

  AKT Description

  The AKT is an instrument with evidence of validity and reliability of construct developed by Obamiro et al.14. It measures a patient’s knowledge of her/his anticoagulant therapy through self-administered questions and calculated scores. The AKT has 28 items (open-ended and multiple-choice questions) divided into two sections (A and B) with a maximum score of 35 points and 25 points, respectively, for VKA users and DOAC users. This difference between scores is because section B of the tool is exclusive dedicated for VKA users. Section B has eight items and a maximum score of 10 points. Section A (applied to all OAC users - both VKA and DOAC) presents 20 items and has a maximum score of 25 points. This section covers general questions about anticoagulants. To each given answer, a zero (incorrect answer) or a one (correct answer) is attributed by the clinicians to assess a patient’s knowledge14.

  Cultural and Linguistic Validation

  We performed a culturally acceptable translation of AKT into Brazilian Portuguese. This step followed the International Society for Pharmacoeconomics and Outcomes Research (or ISPOR) recommendations17; it involved researchers to translate, back translate, apply, and validate the instrument.

  A direct translation from English to Portuguese was performed by two independent Portuguese mother language translators (V.F, K.S), both with previous knowledge about anticoagulation. The consensus of this stage was reached through a discussion panel involving the two translators and the key-country consultant (R.P) and the project manager (F.M). The back-translation process was performed independently by two other translators (A.F, F.T), both without previous knowledge of the AKT, leading to a literal translation of the document. The consensus of this second stage occurred through a discussion panel involving R.P and F.M that compared the back translation with the original tool to finally obtain the AKT-Br version (see Supplementary Material).

  Quantitative validity of the AKT-Br was achieved through the content validity index (CVI) and followed the minimum recommendations described by Lawshe18 and Lynn19. This phase involved a panel, with five anticoagulation experts, to obtain a level of agreement on the tool items. The clarity of the text, relevance, and quality of the back translation of each item were discussed. Items with a CVI < 1 were reassessed, deleted, or replaced. The clarity and relevance of the items were assessed using a four-point Likert scale (1 = not clear/not relevant; 4 = highly clear/highly relevant) and the back translation correspondence regarding the original instrument (1 = does not match; 4 = totally matches)19. The CVI was calculated using two approaches (item level [I-CVI] and scale level [S-CVI]), considering the average of the scores of the I-CVIs and error scale20. The I-CVI is the index that expresses the proportion of agreement among the evaluators for a given item and, according to Lynn19, in a panel of “five or fewer specialists, everyone must agree with the validity of the content for its classification to be considered a reasonable representation of the universe of possible classifications”. Any result < 100% agreement (< 1) deserves due attention and possible reassessment until reaching unanimous agreement among the evaluators. The S-CVI is equivalent to the average percentage of agreement between the items and, according to Waltz et al.21, the recommended standard acceptability criterion is 0.90.

  Assessment of Psychometric Proprieties

  A cross-sectional study with convenience sampling was performed, following the protocol conducted in the original AKT14. The samples were obtained in a non-probabilistic manner for convenience sampling of three groups with different levels of knowledge about OAC: pharmacists (the pharmacist group), users of oral anticoagulants (the patient group), and the general population (the population group). Pharmacists were eligible to participate if they had at least one year of clinical experience or worked in community pharmacies. Patients were eligible if there were over 18 years of age and used any OAC. Eligible individuals from the general population were over 18 years old who were not receiving treatment with OAC or did not have relatives or close friends undergoing treatment with these therapies. Participants were informed of the anonymity and confidentiality of their responses. To participate in the study, participants needed to provide written informed consent. The exclusion criteria for patients were as follows: incomplete questionnaire completion and OAC treatment duration < 3 months. For illiterate patients or those with reading difficulties, the questions and answers options were read by the interviewers exactly as written, minimising possible bias, while for the others the questionnaires were self-administered22.

  The questionnaires were applied from September 2019 to January 2020. Pharmacists were interviewed using an electronic form, while the general population was interviewed under the supervision of an interviewer; both groups were asked to respond based on their knowledge on anticoagulation. For the patient group, the questionnaires were applied in a tertiary hospital in the South Region of Brazil (Curitiba, Paraná) using the printed version of the AKT-Br and under the supervision of an interviewer.

  Statistical Analysis

  The original 28-item structure of the AKT was maintained for all analyses14. Descriptive statistical analyses were performed to describe the characteristics of the sample. The variables age, treatment, gender, and educational level were considered non-normally distributed. The results are presented as relative and absolute frequencies for categorical variables and as the median and the interquartile range (IQR) (presented in square brackets) for continuous variables. Contrasted group analysis was conducted to assess differences in the mean scores between the three groups. One-way analysis of variance (ANOVA) with Tukey’s post hoc analysis was used to explore statistical differences23.

  Statistical tests that assess internal consistency and test-retest reliability are commonly used in self-administered instruments to ensure the reliability of the instrument24. The evaluation of internal consistency was performed through Cronbach’s alpha coefficient that uses a scale of 0 to 1, where values close to 0.7 are considered acceptable and values > 0.9 are redundant25,26. In addition, for instruments with more than 15 items it is recommended to apply the interitem correlation27. The test-test reliability was obtained by reapplying the test to the same group, considering an appropriate time interval (14 days). Reliability coefficients between 0.7 and 0.8 (on a scale of 0 to 1) are considered acceptable24. The level of significance of each test was set at 0.05 (two-tailed). All statistical analyses were conducted using RStudio (version 1.3.1073).

  Ethics

  The research was conducted within the standards required by the Declaration of Helsinki and approved by the Ethics Committee of the Hospital de Clínicas of the Universidade Federal do Paraná (Curitiba, Paraná, Brazil) under registration number CAAE: 16858719.1.0000.0096.

   

  RESULTS

  Cultural and Linguistic Validation

  The final version of the AKT-Br (see Supplementary Material) was obtained through the consensus discussion of five anticoagulation specialists. Two hundred people were invited to participate in the study (75 pharmacists, 75 patients, and 50 people from the general population), of whom 148 met all eligibility criteria and were included for statistical analyses (55 pharmacists, 57 patients, and 36 people from the general population). Of this sample, 96 were women (64.9%), with a median age of 36 [IQR 28-53] years. About 67% of patients had used OAC for > 2 years (see Table 1).
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  Quantitative and Qualitative Content Validity

  The unilateral ANOVA did not reveal a correlation between the total score and age (F=4.8365; P<0.001), but there were correlations for gender, education, and group (F=10.0121, 11.0706, 172.0956, respectively; P<0.001), where women, individuals with higher education, and pharmacists presented the highest scores.

  The evaluated items of the tool presented I-CVIs ranging from 0.7 to 1 and an S-CVI of 0.92 (see Table 2). Cronbach’s alpha for the pharmacist and patient groups were 0.71 and 0.65, respectively. The test-retest reliability resulted in r=0.99 (P<0.001). The textual analysis showed that the AKT-Br presents clear and relevant items, without the need for further modifications.
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  Construct Validity

  There were significant differences between the scores of the three evaluated groups (N=148) in the construct validity through the analysis of contrasted groups (Figure 1). The total mean scores of the pharmacist group, patient group, and population group were 29 [25-32], 17 [14-21], and 7.5 [3.75-10.25], respectively (F=209.49, P<0.001). Tukey’s post-hoc test showed significant differences for all comparisons (P<0.001).
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  DISCUSSION

  We developed and validated the AKT-Br and obtained supporting evidence for validity and reliability. We showed the instrument is useful in a non-English setting to objectively assess patients’ knowledge on anticoagulation.

  The relationship among patients’ knowledge and adherence to OAC has been discussed for more than 30 years9, with important impacts on patients’ clinical and economic outcomes12,28,29. Deshpande et al.30 showed a significant reduction in the total adjusted costs of treatment of $29,742 for adherent patients vs. $33.609 for non-adherent patients. Although the costs with medication were higher in adherent patients ($5,595 vs. $2,233), these were offset by the reduction in the medical costs ($23,544 vs. $30,485), which may include readmissions or hospitalisations. Fonseca et al.31 demonstrated that the average length of hospital stay of patients using dabigatran or warfarin is around 4.8 and 5.5 days, with costs of $9,803 and $9,755, respectively.

  These figures highlight the key role of patients’ self-monitoring and the use of healthcare interventions/services. In this context, Obamiro et al.14 developed the AKT to provide an instrument capable of assessing a patient’s knowledge regarding her/his anticoagulant treatment, where, according to the score obtained by the patient, health professionals could carry out assertive and personalised educational interventions towards better outcomes. In addition, researchers can use the AKT to measure the potential benefits of different interventions in patients using OACs32.

  The availability of this tool in other languages besides English — such as Italian, as previously validated by Magon et al.32, or in Brazilian Portuguese — also allowed us to standardise how the results are presented and to further compare data among populations of different countries. In Brazil, several tools that have been translated into Portuguese and validated are now available in clinical practice. Examples include the Morisky Medication Adherence Scale33 — an eight-item tool that assesses the therapeutic adherence of patients undergoing treatment for hypertension — and the Diabetes Quality of Life Measure34 — a 46-question instrument that evaluates the quality of life of type II diabetes patients.

  An instrument’s validity is not limited to a measurement of its properties; it is also an interaction of the scale with the population being tested. The results, when represented by numbers, allow researchers to measure specific population phenomena35 that may vary according to the cultural-linguistic features of that population. In other words, an instrument is not always valid or applicable from one population to another, or from another language compared with the original. That is why the challenges related to tool validity in cross-cultural research are mainly due to content validity. A tool is valid when the content, criteria, and construct validity items are minimally met. Content validity reflects the degree of adequacy of the instrument that is being built in relation to the study population. This occurs through the discussion of expert panels (3-5 specialists) and qualitative approaches that measure the CVI19,20,24,36, as performed in our study.

  Construct validity is assessed through hypothetical predictions usually supported by hypothesis tests using a group contrast approach23. Different results are expected in the evaluated groups, an outcome that allows researchers to confirm the capacity of the instrument to detect differences in the population20,36. This comparison among groups is not intended for clinical implications; it is only meant to assess validity. We validated the AKT-Br construct according to Terwee's recommendations37. Unidirectional ANOVA and Tukey’s post hoc analysis demonstrated a significantly higher level of knowledge in the pharmacist group compared with the patient group and in the patient group compared with the general population. These results are in accordance with the findings of Obamiro et al.14 and Magon et al.32, who, in addition to expecting a higher score from the pharmacist group (specialists), presented significant differences among all group comparisons. These data strengthen the theory of the group comparison method for construct validity23, where the different levels of knowledge about anticoagulation could be stratified, validating the contractor’s ability to distinguish them. Finally, the AKT-Br presented a positive and significant correlation coefficient in the test-retest analysis, reaffirming the stability and reliability of the instrument at different times of application. This implies that the tool can be useful to provide consistent scores over time in a stable group of patients. AKT-Br items are interrelated, measuring the same construct, which is similar to the results obtained in the original research14.

  Limitations

  The results obtained with the AKT-Br tool highlight the validity of its translation and cross-cultural adaptation to Brazilian Portuguese. Nonetheless, our study has some limitations. First, it lacks a criterion validity using a measure of adherence (e.g., Morisky score) and testing a priori framework, where patients with higher adherence should be those with greater knowledge. The data from the group of patients was obtained from a tertiary hospital in Curitiba, Paraná (South Region of Brazil), who may not reflect the cultural features of the entire country nor be representative of the Brazilian population taking OAC. Further analyses can be performed in other regions to guarantee the validity of the tool. In addition, some educational limitations from the population led the interviewer to assist in the interpretation of the questions, a factor that may generate bias. In addition, 90% (n=50) of the evaluated patients were warfarin users. This may imply a possible selection bias, which is compatible with the convenience sampling or a need to a readdress the management strategy of Brazilian patients prescribed OAC. This factor may also limit the assessment of data from patients only using DOAC. The main objective of the study was to validate the AKT-Br as a psychometric analysis tool. However, clinicians can also benefit from the development of a “scale of knowledge” according to the obtained scores. For example, to minimise adherence issues and OAC adverse events, patients who score between five and 10 points (out of 35) probably need to receive different educational interventions compared to those who score 20-25 points. This is especially important in regions or countries with greater socioeconomic inequalities.

   

  CONCLUSION

  We showed that the developed AKT-Br is a valid psychometric tool for Brazilian Portuguese. This tool may enhance the quality of life and care of patients using OAC by minimising adverse effects and improving adherence to treatment through tailored educational interventions. Thus, we strongly recommend its routine use in clinical practice. Assessing the knowledge of DOAC users should be better addressed in the future.
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    ABSTRACT

    INTRODUCTION: The objective of this study is to investigate the protective mechanism of dexmedetomidine (Dex) in myocardial ischemia/reperfusion (MIR)-induced acute lung injury (ALI) of diabetic rats by inhibiting hypoxia-inducible factor-1α (HIF-1α).

    METHODS: Initially, healthy male Sprague Dawley rats were treated with streptozocin to induce diabetes. Then, three weeks after the induction, Dex or lentiviral vector (LV)-HIF-1α was injected into the rats 30 minutes prior to the MIR modeling. After four weeks, lung tissues were harvested for pathological changes observation and the wet/dry weight (W/D) ratio determination. Afterwards, oxidative stress indicators and pro-inflammatory factors were measured. In addition, HIF-1α expression was assessed by immunohistochemistry and western blot analysis.

    RESULTS: Dex could suppress inflammatory cell infiltration, improve lung tissue structure, reduce pathological score and the W/D ratio, and block oxidative stress and inflammatory response in MIR-induced ALI of diabetic rats. Besides, Dex could also inhibit HIF-1α expression. Moreover, Dex + LV-HIF-1α reversed the protective role of Dex on diabetic MIR-induced ALI.

    CONCLUSION: Our study has made it clear that Dex inhibited the upregulation of HIF-1α in diabetic MIR-induced ALI, and thus protect lung functions by quenching the accumulation of oxygen radical and reducing lung inflammatory response.

    Keywords: Dexmedetomidine; Acute Lung Injury; Diabetes; Myocardial Ischemia Reperfusion; Hypoxia-Inducible Factor 1; Up-Regulation.
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  INTRODUCTION

  Diabetes is a series of physiological disorders triggered by insufficient insulin release, overproduction of glucagon, and insulin resistance1. In a great number of diabetic patients, cardiovascular dysfunction may be the most common complication that leads to numerous injuries and death2. The features that increase oxidative stress and impair antioxidant ability in diabetic hearts make them vulnerable to myocardial ischemia/reperfusion injury (MIRI)3. MIRI refers to a pathological progress of myocardial damage caused by blood flow restoration after ischemia that affects some organs4. Overproduction of free radicals and reactive oxygen species (ROS) is identified as the leading cause of the pathogenesis of ischemia/reperfusion injury (IRI)5. Inflammatory factor cascade induces secondary injury, exacerbating IRI6. Diabetic individuals that are susceptible to MIRI are likely to develop acute lung injury (ALI) for the excessive inflammatory response and ROS integration7. Besides, as some previous experiments have suggested, diseases derived from diabetes are often related to lipid peroxidation, which is frequently seen in the process during ischemia/reperfusion (IR), and it exacerbates the functions of many distal organs, including lung8,9. In this context, novel therapeutic strategies for myocardial ischemia/reperfusion (MIR)-induced ALI in diabetic patients are in urgent need. Therefore, our study was designed to seek out the roles of different pathological mechanisms playing in diabetic MIR-induced ALI in order to develop novel intervention strategies.

  Dexmedetomidine (Dex) is an α2-adrenoceptor agonist with high selection, which has opioid-sparing, analgesic, and sedative effects, ensuring it a potent target in treating intensive diseases10. In a previous research, Dex was indicated to render a cardioprotective function on heart tissues in diabetic rats by preventing against inflammatory reaction11. It has also been reported by Kip et al. that Dex is a beneficial treatment of lung injury (LI) caused by MIR in diabetic rats9. Although the mechanism of Dex in diabetes or MIR-derived diseases is widely studied, there are few researches about the role of Dex in diabetic MIR-induced ALI, let alone the specific crosswalk between Dex and other genes. Besides, inflammatory reaction and oxidative stress are remarkable signs of ALI with the presentation of increased hypoxia-inducible factor-1α (HIF-1α) level12,13. As a highly conserved transcription cytokine, HIF-1α is responsible for the hypoxia reaction and inflammatory response in hearts14. Moreover, dysregulation of HIF-1α pathway is a necessary mechanism in MIRI of diabetic rats15. Similarly, in cerebral IRI-induced ALI, HIF-1α overexpression is observed, indicating the impaired endothelial barrier and weakened self-protective ability16. Peng et al.17 has demonstrated that Dex inhibits HIF-1α expression to relieve cardiac IRI. In this sense, we are encouraged to hypothesize that the network of Dex and HIF-1α might be importantly involved in the treatment of MIR-induced ALI in diabetic rats.

   

  METHODS

  Ethics Statement

  This study was approved and supervised by the ethics committee of our hospital (IACUC-20190225-23). Significant efforts were made to minimize both the number of animals used as well as their respective suffering.

  Animal Grouping

  A total of 63 Sprague Dawley rats (250-300 g, eight weeks) (Hunan SJA Laboratory Animal Co., Ltd., Changsha, Hunan, China) were housed in the laboratory animal center of our hospital, with a normal circadian rhythm (12-hour light/dark cycle) and a relative humidity of 50%±15% at 25±2℃. Standard food and water were available to them. These rats were randomly assigned into non-diabetic sham (NS) group, non-diabetic + IR (NIR) group, diabetic sham (DS) group, diabetic + IR (DIR) group, Dex group, Dex + lentiviral vector (LV)-negative control (NC) group, and Dex + LV-HIF-1α group (n=9). The timeline of the treatment of these rats is shown in Figure 1.
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  Streptozocin (STZ)-Induced Diabetes

  Diabetes was induced through the intraperitoneal (IP) injection of STZ (Sigma-Aldrich, Merck KGaA, Darmstadt, Germany). STZ was dissolved in citrate buffer (pH 4.5) and was applied via IP injection at 60 mg/kg7. NS and NIR groups were injected with buffer only (10 mM citric buffer, pH 4.5) as control after the same fasting period. After three days, one week, two weeks, and three weeks of STZ injection, tail blood samples were collected after rats had fasted for five hours. Fasting blood glucose level was measured using a SureStrep glucometer (Johnson & Johnson, New Brunswick, New Jersey, United States of America [USA]). A fasting blood glucose persistently exceeding 16.7 mmol/L was recognized as diabetic status18.

  MIR Model Establishment

  Rats were anesthetized with IP injection of 3% sodium pentobarbital (50 mg/kg) (Sigma-Aldrich, USA) three weeks after the initial administration of STZ or control for the following left thoracotomy and pericardiotomy. The left coronary artery was dissected above the first diagonal branch. Then, threads were ligated with silk sutures at the proximal origin of the left circumflex artery. Once the gliding-induced occlusion was performed for 30 minutes, R-wave amplification and ST-segment depression were observed on the second lead of the attached electrocardiogram. Myocardial darkening distal to the ligature suggested myocardial ischemia (MI). After the 30-minute MI, slipknot was released for 120 min to allow reperfusion19. In the Dex group, 7.5 μg/kg/h of Dex was injected intravenously at a rate of 5 μg/kg/h 30 minutes before modeling, and the other groups were injected with the same amount of saline20,21. LV-NC or LV-HIF-1α (Shanghai Genechem Co., Ltd., Shanghai, China, 5.25×107 transducing units, and a total volume of 25 mL) was injected into the free myocardium and apex of left ventricular anterior wall on both sides of the left coronary artery 30 minutes before modeling22.

  Hemodynamics and 2, 3, 5-Triphenyltetrazolium Chloride (TTC) Staining

  Mikro Tip® catheter pressure transducer (BL420F Powerlab, Taimong Technology Co., Ltd., Hong Kong, China) was inserted into the left ventricular chamber via the right common carotid artery to monitor the changes in left ventricular developed pressure (LVDP). Data were continuously recorded at the beginning of reperfusion. After 24 hours of reperfusion, three rats from each group were sacrificed to remove their hearts, and the myocardial infarct’s size was measured via 1% TTC staining according to a previous experiment23. Myocardial infarct’s size was expressed as the percentage of the risk area.

  Lung Tissue Collection

  After four weeks of Dex treatment, rats were sacrificed with their upper lobes of the right lung separated for pathological examination and protein determination. Wet weight (W) was measured as the left lungs were flushed with cold isotonic saline and then blotted with filter paper. Additionally, the right lungs were placed in a 60℃ furnace for 72 hours to assess the dry weight (D). Subsequently, the W/D ratio was calculated.

  Hematoxylin and Eosin (HE) Staining

  The upper lobes of the right lung of rats were fixed in 10% formalin overnight and were made into paraffin-embedded sections (4-mm thick) for the preparation of HE staining. LI was assessed by a designated scoring system that quantified the degree of histological LI, with four histological findings used for grading: hemorrhage; alveolar congestion; filtration or accumulation of neutrophils in airspace or vessel wall; and thickness between alveolar wall and hyaline membrane. The severity of inflammation ranged from 0 to 47. LI score was measured by two experienced pathologists who were blinded to the samples.

  Immunohistochemistry (IHC) Staining

  All paraffin-embedded tissues were dewaxed, treated with 10 mM sodium citrate for heat-induced antigen recovery, incubated with 0.3% H2O2 for 20 minutes at room temperature, and then co-cultured with 20% normal goat serum for 30 minutes. Immunohistochemistry was performed using mouse anti-HIF-1α monoclonal antibody (Santa Cruz Biotechnology, Dallas, Texas, USA) diluted at 1:100 in blocking reagent at 4℃ overnight. The slides were continuously cultivated with 1:200 horseradish peroxidase (HRP)-conjugated goat anti-mouse immunoglobulin G (IgG) (Chemicon International, Inc., Temecula, California, USA) for two hours at room temperature. They were then developed with diaminobenzidine for 8-12 minutes, counterstained with hematoxylin, dried, and then fixed with resin. The images were obtained using a cell image analysis system and medical image analysis software, and the data were quantitatively analyzed. Three separate visual fields were randomly selected from each slice to obtain the percentage of positive area in each sample (positive cell area/total area) and to be used for analysis. The results were assessed by two experienced pathologists who were blinded to the samples.

  Western Blot Analysis

  The total protein was extracted from lung tissue homogenate, and then quantified using bicinchoninic acid method. Next, proteins were run on sodium dodecyl sulfate polyacrylamide gel electrophoresis and then transferred onto polyvinylidene fluoride membranes (Millipore Corp., Billerica, Massachusetts, USA). The membranes were sealed by 5% skim milk powder for one hour and cultured with the primary antibodies, including β-actin and HIF-1α, at 4℃ overnight. After one rinse with poly (butylene succinate-terephthalate), membranes were incubated with HRP-labelled IgG (1:10000) at room temperature for one hour. Following the instructions of chemiluminescence (Millipore), blots were observed. Afterwards, relative band intensity was quantified using image lab analyzer software (Bio-Rad, Hercules, California, USA). Eventually, the ratio of the gray value of the target band to internal reference band was used as the relative targeted protein expression.

  Detection of Superoxide Dismutase (SOD), Malondialdehyde (MDA), and Nitric Oxide (NO)

  Lung tissues were taken, made into 10% tissue homogenate in cold normal saline, and centrifuged with supernatant separately. Next, levels of SOD, MDA, and NO were verified according to the instructions of the kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, Jiangsu, China).

  Enzyme-Linked Immunosorbent Assay (ELISA)

  Levels of pro-inflammatory cytokines including tumor necrosis factor-α (TNF-α), interleukin (IL)-1β, and IL-6 in lung tissue homogenate were assessed in accordance with the instructions of ELISA kits (R&D Systems, Minneapolis, Minnesota, USA).

  Statistical Analysis

  GraphPad Prism 8.0 (GraphPad Software, La Jolla, California, USA) was employed for data analysis. The results were showed in mean ± standard deviation. The t-test was applied for analysis of comparisons between two groups. One-way analysis of variance (ANOVA) was applied for comparing different groups, and Tukey's multiple comparisons test for pairwise comparisons after ANOVA. Repeated ANOVA was performed for comparing different time points. The P-value was obtained using a two-tailed test and P<0.05 indicated a significant difference.

   

  RESULTS

  Identification of MIRI in Diabetic Mouse Models

  Diabetic rat models were established by STZ induction. At the end of our experiment, blood glucose and body weight loss were significantly enhanced in STZ-induced diabetic rats compared with non-diabetic rats (all P<0.05, Figures 2A and B), suggesting the successfully established diabetic modeling. After MIR in rats, all groups exhibited dramatically reduced LVDP, except the NS group, and the DIR group showed the most significant decrease (all P<0.05, Figure 2C). TTC staining (Figure 2D) showed that compared with the NS group, the infarct’s size of the NIR, DIR, and Dex groups was noticeably expanded, and the DIR group expressed the most significant increase (all P<0.05); on the other hand, the infarct’s size of the Dex group was smaller than that of the DIR group (all P<0.05). These results suggested that diabetic rats were susceptible to MIRI, which could be attenuated by Dex.
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  Dex Relieves Diabetic MIR-Induced ALI

  HE pathological staining was applied to analyze lung tissues from the rats subjected to Dex treatment for four weeks to verify the protective role of Dex on diabetic MIR-induced ALI, and the results showed that there were no significant pathological changes in the lung tissue sections from the NS and DS groups. Besides, alveolar and interstitial edema, hemorrhage, inflammatory cell infiltration, and elevated pathological score were observed in lung sections from the NIR group. However, these indicators were even more advanced in the DIR group. While in the Dex group, inflammatory cell infiltration was significantly reduced, lung tissue structure was improved, and pathological score was decreased (Figures 3A and B). The W/D ratio in the NIR and DIR groups was higher than that in the NS and DS groups (all P<0.05); while the W/D ratio in the Dex group was lower than that in the DIR group (P<0.05) (Figure 3C), indicating that diabetic MIR might induce ALI, which could be reversed by Dex.
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  Dex Suppresses Oxidative Stress (Oxygen Radical) and Inflammatory Response in Diabetic MIR-Induced ALI

  Next, we further determined the protective function of Dex on diabetic MIR-induced ALI by analyzing the effects of Dex on oxidative stress and inflammatory response. The results showed that there was no significant difference in levels of oxidative stress indicators (MDA, SOD, and NO) between lung tissues of the NS and DS groups; levels of MDA and NO were increased, but SOD was evidently decreased after MIR (all P<0.05). On the other hand, in the Dex group, MDA and NO levels were significantly reduced, but SOD level was elevated (all P<0.05) (Figures 4A to C). Compared with the NS group, the levels of pro-inflammatory factors (TNF-α, IL-1β, and IL-6) in the lung tissues of rats from the other groups were significantly upregulated (all P<0.05); and the levels of TNF-α, IL-1β, and IL-6 in the DIR group was further increased (all P<0.05); but the Dex group contributed to a reversed result (all P<0.05) (Figures 4D to F). That’s to say, Dex blocked oxidative stress and inflammatory responses of MIR-induced ALI in diabetic rats.
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  Dex Inhibits HIF-1α Expression in Lung Tissues from the Diabetic MIR-Induced ALI Rats

  HIF-1α is an accepted player in diabetic MIR and ALI alleviation13,15. Based on this information, our study attempted to determine whether Dex could affect HIF-1α expression in diabetic MIR rats, thus immunohistochemistry (Figures 5A and B) and western blot analysis (Figures 5C and D) were conducted to detect HIF-1α expression, and the results showed that the expression of HIF-1α was upregulated in lung tissues of rats with diabetic and MIR treatments, and the highest HIF-1α expression was seen in the diabetic MIR rats; while the upregulation of HIF-1α expression in diabetic MIR rats was reduced after the four-week Dex treatment (all P<0.05). The abovementioned results indicated that Dex deactivated HIF-1α in the diabetic MIR-induced ALI rats.

  Dex Attenuates Diabetic MIR-Induced ALI by Limiting HIF-1α

  Finally, to further verify whether Dex could attenuate MIR-induced ALI by inhibiting HIF-1α, we injected LV-NC or LV-HIF-1α while administrating Dex, and we found that the Dex + LV-HIF-1α group exhibited upregulated HIF-1α expression in lung tissue (Figures 6A and B), alveolar and interstitial edema, hemorrhage, and inflammatory cell infiltration in lung sections, improved pathological score (Figures 6C and D), and increased W/D ratio (Figure 6E). Then, it was revealed that the Dex + LV-HIF-1α group had elevated levels of MDA and NO, but reduced SOD level (all P<0.05) (Figures 6F to H), as well as promoted levels of TNF-α, IL-1β, and IL-6 (all P<0.05) (Figures 6I to L) as we further detect the effects of HIF-1α on the cytokines of oxidative stress and inflammatory response in lung homogenate. It can be concluded that the upregulation of HIF-1α expression could reverse the oppressive function of Dex on oxidative stress and inflammatory response in MIR-induced ALI.
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  DISCUSSION

  Diabetic patients are strongly inclined to suffer from MIR, which appears to be a primary reason of distal organ dysfunctions, with lung being the most fragile part24. As a novel class of medicine with sedative ability, analgesic capacity, and reliable safety, Dex had a promising prospect in renoprotection and myocardial disease clinical therapy25. For instance, Dex potentiated the self-protective effects of diabetic rats with MIRI21. In addition, increasing evidences have corroborated the conducive role of Dex in ALI induced by different pathogenesis26-28. Therefore, we were inspired to figure out the concrete interaction of Dex in diabetic rats with MIR-induced ALI. And we verified that Dex suppressed diabetic MIR-induced ALI by downregulating HIF-1α.

  Initially, this study revealed that Dex could alleviate MIRI in diabetic rats. Dex strengthened heart function in diabetic rats as it protected these rats against inflammation and oxidative stress29. Data had supported that Dex could significantly prevent various animal models from IRI by regulating cell death, gene expression, inflammatory response, and pathway activation, making it an attractive implication in IR-induced dysfunctions30. Furthermore, Dex could quench lung edema and pathological damage score in lung IRI31. In other words, Dex reduced the detrimental influences resulted from IR in diabetes. Subsequently, Dex inhibited MIR-induced ALI in diabetic rats. Lung was identified as an important target part in diabetes as disordered respiratory functions were prominent in diabetic subjects32. Also, Dex administration reversed pathological variances and histological LI score, and thus mitigated other distant organ damage via the inhibition of inflammation33. Generally speaking, Dex could also protect individuals with ALI. Notably, Dex was a potent inhibitor of oxidative stress and inflammatory response of MIR-induced ALI in diabetic rats as evidenced by the knockdown of MDA and NO, increased SOD level, and reduced levels of TNF-α, IL-1β, and IL-6. It was known to us that oxidative stress and inflammatory reaction were both involved in the incidence of ALI in diabetes34. A prior experiment suggested that Dex treatment upregulated SOD expression, while deactivated MDA activity35. Besides, the pro-inflammatory cytokines including TNF-α, IL-6, and IL-1β were all downregulated by Dex administration36. To sum up, Dex was a significant participator in the inhibition of MIR-induced ALI in diabetic rats through suppressing inflammatory reaction and oxidative stress.

  Next, according to the results of immunohistochemistry and western blot analysis, it was unveiled that Dex suppressed HIF-1α expression in lung tissues from the diabetic MIR-induced ALI rats. As a pivotal modulator in hypoxia, which was positively and closely related to inflammatory response, HIF-1α was a hot topic of multiple human diseases37. Hypoxia participated in different physiological disorders, such as IRI, diabetic vasculopathy, and even cancer through the manipulation of HIF-1α-related pathways38. Furthermore, inactivation of HIF-1α was a practical method to block MIRI in rats17. An experiment developed from Cahayani et al.39 suggested that HIF-1α was strongly expressed in mice with malaria-induced ALI. On the other hand, HIF-1α knockout in Escherichia coli-induced ALI limited inflammatory cell infiltration, lung infection, and edema40. Basically, it was quite clear that HIF-1α could deteriorate MIR-induced ALI in diabetic rats. Afterwards, many researches indicated that Dex protected IR rats by quenching HIF-1α activity41,42. Therefore, we discovered that the interaction between Dex and HIF-1α is essential in IRI. Additionally, we discovered that HIF-1α reversed the protective function of Dex on diabetic MIR-induced ALI, with increase of MDA and NO levels, decrease of SOD level, and promotion of TNF-α, IL-1β, and IL-6 levels. In gastric IRI condition, promotion of HIF-1α content was coupled with increased MDA and decreased SOD43. Besides, HIF-1α depletion limited TNF-α and IL-1β content, thus alleviating intestinal IRI and subsequent IRI-induced ALI44.

  Limitations

  In this paper, the protective role of Dex in MIR-induced ALI in diabetic rats by inhibiting HIF-1α was only verified through in vivo experiment, but the specific mechanism of Dex inhibiting HIF-1α expression needs to be further investigated.

   

  CONCLUSION

  In conclusion, our findings supported that Dex inhibited the upregulation of HIF-1α in diabetic MIR-induced ALI. These results discovered an underlying tactic for MIR-induced ALI treatment in diabetic patients. In the future, we will continue to explore the underlying mechanism in the disease and the potential therapeutic usage. Currently, this still remains a preclinical research. However, our findings provide therapeutic approaches in diabetic MIR-induced ALI treatment; the experiment results and effective application into clinical practice need further validation. It still has a long way to go before it is widely applied in clinical practice.
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    ABSTRACT

    INTRODUCTION: The current coronavirus pandemic has greatly strained the limited resources that had previously maintained the sustainability of the high-cost cardiothoracic surgeries in low-income countries like Egypt.

    METHODS: Hospital databases and patients’ records were reviewed to evaluate the impact of the pandemic on the workflow and waiting lists. Postoperative patients were contacted by telephone for follow-up, as well as preoperative patients whose operations were cancelled. Regular virtual meetings were held, and residents were asked to discuss the stresses, challenges, and their suggestions for the gradual resumption of services. Residents’ logbooks were evaluated to assess the disruption of the surgical exposure compared to 2019.

    RESULTS: While thoracic surgeries have continued to thrive, cardiac surgeries have witnessed the worst consequences, including cancellation of all surgeries, expansion of waiting lists, patients’ non-compliance with follow-up, and impaired surgical exposure of junior residents.

    CONCLUSION: The gradual recovery of cardiac surgery services in Alexandria (Egypt) is being carefully planned, taking into consideration the backlog of cases and the shortage of screening kits. Careful tiering and triaging of patients by a multidisciplinary team, as well as seeking alternative assessment tools for trainees, are the main lines of our action plan.

    Keywords: Cardiac Surgical Procedures; Thoracic Surgery; Coronavirus; Pandemics; Patient Care Team; Egypt.
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  INTRODUCTION

  The coronavirus disease 2019 (COVID-19), caused by the novel severe acute respiratory syndrome coronavirus 2 (or SARS-CoV-2), has become the worst global health emergency. The pandemic has had grave consequences on health care systems worldwide and profound impacts on low-income and developing countries with poor health and financial infrastructure1,2. The pandemic also had devastating effects on the workflow of cardiac and thoracic surgeries worldwide. Some centers needed to cancel all elective surgeries or significantly reduce the case volume3,4.

  In Egypt, the situation is more challenging as the existing critical care system suffers from constrained resources5. Early in the pandemic, the Egyptian Ministry of Health and Population transformed non-busy hospitals into isolation centers. To minimize the spread of COVID-19, health care workers have been rotated every two consecutive weeks of work in these facilities and then kept in home quarantine for another two weeks. Later in the pandemic, isolation wards were designated in some governmental hospitals, where meticulous infection control measures were applied. The official action plan included decreasing both inpatient admissions and outpatient visits, as well as cancellations of elective surgeries. Due to the exponential rise of caseload and the increasing financial burden, nasopharyngeal swabs were restricted to highly suspected and severely symptomatic cases requiring hospital admission.

  The Department of Cardiothoracic Surgery in the Alexandria Main University Hospital is one of the busiest cardiothoracic centers in Egypt. It serves patients in the metropolitan area of Alexandria and nearby towns and cities. Since the declaration of strict shutdown, all elective cardiac surgeries have been postponed. Considering the huge population served by our institute and the vulnerability of this category of patients, prompt actions were needed to ensure the delivery of safe and optimal care.

  Surgeons have been devastatingly affected by the pandemic. They were assigned to care for severely ill patients in intensive care units (ICU), which exposed them to a medical specialty far from their main training and objectives. The quality of surgical training is threatened, due to the decreased number of operations.

  As there is an international and national consensus on relaxing the restrictions and on the gradual restoration of health services, a careful action plan must be contemplated, based on the national current situation and backlog of cases awaiting their surgeries. The current challenges facing our institute are herein presented, as well as plans for the gradual recovery of services.

   

  METHODS

  Hospital databases were used to retrieve data about the impact on the flow of cases during the pandemic (2020), compared to the same period in 2019. Data were collected from the thoracic, cardiac, and trauma departments. Patients’ records and waiting lists were used for the follow-up of postoperative patients, who were reluctant to attend the clinics, and for assessment of patients awaiting their surgeries. Weekly virtual meetings were held by the surgical team to discuss challenges and plans. Residents’ logbooks were evaluated to assess the disruption of surgical exposure during the pandemic.

   

  RESULTS

  Adult Cardiac Surgery

  The average annual case volume of adult cardiac surgery in the institute is 300-350 cases. On March 21st, 2020, the hospital staff were instructed to postpone new admissions from cardiac surgery outpatient clinics and to perform surgeries exclusively for patients currently admitted and emergencies. On June 16th, 2020, we admitted an emergency case of critical left main stenosis. As nasopharyngeal swabs and polymerase chain reaction (PCR) testing were unavailable, full blood count, inflammatory markers, and chest radiographs were used as screening tests. Postoperatively, the patient developed heparin-induced thrombocytopenia, dyspnea, fever, cough, and prolonged air leak from the chest drains. Computed tomography of the chest was consistent with COVID-19 indications. The patient was transferred to an isolation center after the swab turned positive for coronavirus and was discharged home two weeks later. Since March 21st, 2020, until the present time, all elective cardiac surgery cases were postponed. After admission of the last emergency case in June 2020, all open-heart theatres and cardiac ICU were transformed into isolation wards. Emergency cases were referred to the largest tertiary care center in Cairo City (the capital). The numbers of cardiac surgeries performed during the pandemic, compared to the same period in 2019, are shown in Table 1.
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  Our unit is the only governmental center (belonging to the public health sector) in Alexandria performing cardiac surgery. Three smaller private centers operate a much lower annual case volume of less complex cardiac surgeries, due to the high expense and limited resources. These centers reported a 25% to 50% reduction in the case volume during the pandemic.

  Patients were contacted by telephone for follow-up. One patient with a prosthetic valve, who used to have troubles with warfarin dose adjustment, was lost for follow-up. He presented with warfarin toxicity and tamponading effusion and had subxiphoid pericardiostomy.

  Two postoperative patients had deep mediastinal wound infections and were admitted for administration of intravenous antibiotics, according to culture and sensitivity tests. A negative suction system was applied, and they were discharged home. They updated the unit with weekly images of their wounds to assess the healing progress.

  Preoperative patients on the waiting lists, whose operations were cancelled, are regularly contacted. Patients with critical pathologies, such as critical coronary disease and severe aortic stenosis, were referred to the largest tertiary care center in Cairo for emergency admission. Unfortunately, we traced 50 patients with coronary stenosis and five patients with valvular diseases who died since the cancellation of elective surgeries. Most of them resisted having surgeries during the peak of the pandemic, and the remainder died during the process of referral.

  Thoracic Surgery

  The annual case volume of thoracic surgeries in the center is between 350 and 400 cases. Full blood count and computed tomography of the chest were performed preoperatively. Suspected cases were asked to provide a negative nasopharyngeal swab. Thoracic surgeries were continued to be performed, as the operating theatres and intensive care beds were not transformed into isolation units. During the peak of the pandemic, selective admission of cases was made to ensure the prioritization of patients with potentially urgent conditions. To ensure social distancing, admissions from outpatient clinics were significantly reduced. The numbers of thoracic surgeries performed during the pandemic, compared to the same period in 2019, are shown in Table 2.
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  Trauma Cases

  During the strict national lockdown, the number of cases admitted to the emergency room for chest trauma was significantly low. Three cases with penetrating chest trauma were admitted for exploration, due to hemodynamic instability on presentation. All patients had an uncomplicated postoperative course. In order to shorten the duration of hospital stay, when stable, patients with spontaneous pneumothoraxes and prolonged air leak were offered to use the Heimlich valve and follow up in the outpatient clinics.

  Impact on Surgical Training

  In addition to the weekly virtual meetings in which residents gave their feedbacks, logbooks were used as an objective tool to evaluate the impact of the pandemic on surgical training. In our center, the training period is five years, and two residents are enrolled in the program. Table 3 shows the interventions completed by a four-year resident compared to the same period in 2019.
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  DISCUSSION

  Curtailing all elective cases to preserve critical care beds was mandatory. However, it is sometimes difficult to precisely define true “elective” cases in cardiac surgery, owing to the progressive nature of the underlying etiology. It is not uncommon that a so-called elective case becomes an emergency6-11, which significantly increases mortality rate. Death during awaiting a scheduled cardiac surgery was frequently reported and unfortunately witnessed in the center during the lockdown12-15. Though all released recommendations emphasized screening swabs and PCR, this might be impractical in low-income countries due to the high cost. To decrease the financial impact, stratification of patients can be done according to the recommendations of the American Heart Association16. Patients with a high pretest probability will have a PCR test. Subjects with low susceptibility will have to undergo chest imaging, full blood count, and inflammatory markers test, such as C-reactive protein and serum ferritin. Multidisciplinary team (MDT) meetings are arranged to discuss each individual case and to prioritize admission, especially for cases with an expected lengthy stay in ICU due to the complexity of procedure and preexistent comorbidities. There is a growing trend to refer more cases to percutaneous coronary intervention and transcatheter valve replacement during the peak of the pandemic. Therefore, MDT meetings will have to make thoughtful casewise decisions.

  The database is currently updated to anticipate the impact of COVID-19 on the waiting list. To prevent overcrowding, selected cases, according to MDT meetings, are contacted. Patients with low susceptibility and normal lab tests will be asked to come one day prior to surgery for anesthesiologists’ assessment, blood group matching, and computed tomography of the chest.

  Surgical teams have been regularly educated on infection control measures. Segregation of members of the surgical team into smaller teams is a valid option to keep the workflow, if one of the members becomes ill or isolated17.

  The negative consequences on surgical training should be addressed and dealt with thoroughly at the level of the global surgical community. During the lockdown, several sessions were arranged for echocardiography training, biostatistics, scientific writing, and case-based discussions by senior members in the department. Junior residents were satisfied to improve other aspects of surgical training than hand skills. However, senior residents were deprived from the opportunity of polishing their surgical skills by the end of their residency. As the logbooks are the widely acceptable objective method of assessment, other tools should be discussed later. The solutions adopted in our centers are the extension of the training period for a few months and the assignment of more procedures to final-year residents when elective surgeries are resumed.

  Despite that telehealth services are not widely acceptable by the population, it was found that postoperative patients were increasingly satisfied with telephone checkup appointments and direct message contact. This attitude is encouraging us to develop a regular telehealth service in the near future.

   

  CONCLUSION

  COVID 19 has posed significant implications for cardiac and thoracic patients, the integrity of cardiothoracic centers, and quality of training. These negative consequences were more pronounced in the strained health systems of developing countries. Stepwise restoration of services should be carefully established and guided by MDT meetings and case-dependent decisions. The extended effect on surgical training should be evaluated, and different assessment tools can be discussed. As we remain uncertain of the magnitude of COVID-19 in the future, we need to remain open-minded to the major challenges, and willing to implement dynamic adaptive policies.
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    ABSTRACT

    INTRODUCTION: Tuberculous aortic aneurysm (TBAA) is an exceedingly rare but severe manifestation of tuberculosis, with a high risk of sudden rupture of the aorta in absence of medical or surgical intervention. This review aimed to provide a detailed understanding of TBAA, including its associated complications, affected population, treatment measures, and outcomes.

    METHODS: Case studies and relevant research articles were analyzed to understand the recent advances in medical scientific knowledge on TBAA. Recent clinical case reports on TBAA were searched from the year 2010 to 2020.

    RESULTS: Case reports indicated a higher prevalence of TBAA in the male population. The most affected age group was 15 to 79 years. The most common treatment for TBAA included surgery followed by antituberculous medication. The case reports discussed in this review reflected open surgery, endovascular repair, coil embolization, laparotomy, aortic valve and root replacement as some of the surgical procedures used depending on the complication and type of aneurysm. The treatment outcome was considered effective in most cases.

    CONCLUSION: Postoperative chemotherapy and medications reduce the risk of severity. Early diagnosis of TBAA is imperative, followed by surgical resection and postoperative antituberculous medication with careful follow-up to prevent relapse.

    Keywords: Aortic Aneurysm; Blood Vessel Prosthesis; Tuberculosis; Early Diagnosis; Endovascular Procedures; Treatment Outcome.
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  INTRODUCTION

  Aortic aneurysm is a chronic degenerative disease affected by the weakening of the aortic wall resulting in “ballooning” of an artery exceeding 1.5 times its normal diameter. Aortic aneurysms are 3-4 times more prevalent in men than in women1-3. They are generally silent and asymptomatic until aortic dissection or rupture occurs4, Depending on the spatial distribution of dilation, aortic aneurysm can be classified into three categories: thoracic aortic aneurysm (TAA), abdominal aortic aneurysm (AAA), and thoracoabdominal aortic aneurysm (TAAA).

  Tuberculous aneurysm of the aorta (TBAA) is an exceedingly rare but severe manifestation of tuberculosis5,6. The first case of tuberculous involvement of the aorta (aortitis) was reported by Weigert in 1882, and no patient was known to have survived due to TBAA until the combined technologies of modern imaging capabilities, antituberculous drugs, and vascular grafts became available. In 1952, Herndon et al.7 attempted the first surgical repair of a tuberculous aortic aneurysm, but the patient died six days after surgery5,7. In 1955, Rob and Eastcott reported the first successful reconstruction of the condition using an orlon cloth graft5. TBAA is a severe condition due to the high risk of sudden rupture. This condition arises because of transmural perforation caused by direct extension to the vessel8.

  TBAA is an extension of the tuberculosis (TB) infection. It occurs in the walls of the small pulmonary and meningeal arteries from the neighboring or contiguous inflammatory foci. It often causes aneurysms in the tuberculous cavities and meninges. The progression of infection occurs from the lungs to various parts of the body9,10. Tuberculous involvement of the aortic wall may occur mostly by the direct extension from contagious lesions such as infected lymph nodes, empyema, pericarditis, vertebrae or paraspinal abscess, and hematogenous or lymphangitic dissemination11-13. Almost all segments of the aorta may be involved in the site of infection. The sites of involvement include ascending aorta, distal aortic arch, proximal descending thoracic aorta, distal descending thoracic aorta, and infrarenal abdominal aorta11-13. However, the areas in close proximity to the mediastinal and para-aortic lymph nodes are more commonly involved. Early diagnosis and appropriate surgical or endovascular repair are necessary for successful management of patients with these complicated aneurysms.

  The aim of this review was to provide a detailed understanding of TBAA, including its associated complications, affected population, treatment measures, and outcomes. To accomplish this, all possible case reports from the last ten years were summarized to evaluate diagnostic complications. Recommended treatment from those reports can provide a clear understanding of their respective risk factors and clinical management.

   

  METHODS

  All literature databases such as PubMed, Embase, Medline, and Google Scholar were searched to retrieve the relevant literature for this narrative review. The search terms used were “Tuberculous aortic aneurysm, Clinical management, Chemotherapy, Antituberculous therapy, Risk factors, and Open surgical repair”. The search terms were combined using Boolean operators “AND/OR”. Forty-six recent clinical case reports on TBAA were searched from the year 2010 to 2020. Cross-references in the retrieved papers were also referred, if considered relevant.

   

  RESULTS

  Clinical Features of Tuberculous Aneurysm

  Tuberculous aortitis typically occurs at the distal aortic arch and the descending aorta, which are close to specific groups of mediastinal lymph nodes, and very rarely occurs in the ascending aorta14. Tubercle bacilli can enter the aortic wall in the following ways: i) being directly implanted on the inner surface of the vessel wall; ii) moving to the adventitia or media through the vasa vasorum; and iii) entering the vessel wall through the lymphatics from a contiguous focus, including lymph node or paraspinal abscess10,15. Clinical features of TBAA vary greatly, ranging from asymptomatic aneurysm with or without constitutional symptoms like pulsatile or palpable mass, chest pain, dysphagia, hoarseness, abdominal pain, back pain, frank rupture, bleeding, and shock. Due to the wide variations in symptoms, the investigation becomes a major problem. Tuberculous aortic aneurysms are diagnosed using clinical symptoms, chest radiography, computed tomography (CT) scans, cardiovascular magnetic resonance, and angiography12,13. Therefore, patients are usually diagnosed at high index of suspicion. An aneurysm should be suspected in patients with active tuberculosis if they suddenly deteriorate or if a mass lesion is present8. Moreover, in case of delay in diagnosis, patients may be treated with immunosuppressive therapy before the diagnosis of TB16. Indeed, the possibility of tuberculous aortitis should be considered in patients with aortitis with a history of pulmonary and/or extrapulmonary tuberculosis with chronic immunosuppression. In these cases, suspicious findings are cavitary lung lesion, pleural effusion, or lymphadenitis. TBAA becomes severe due to aortic rupture leading to a life-threatening condition. Hence, treatment as soon as possible is recommended16,17.

  Pathophysiology

  Infection of the aorta by Mycobacterium tuberculosis (M. tuberculosis) usually appears as the direct extension from a contiguous infection (i.e., tuberculous lymphadenitis) that leads to the formation of an aortic pseudoaneurysm10. The possibility of an infectious cause must always be considered as a treatment strategy for infectious and non-infectious aortitis18,19. The active state of the aortic aneurysm is defined by current diagnostic and classification criteria. A case study by Delaval et al.6 found that, from 2003 to 2015, of 86 patients admitted with aortitis, about 3.5% of cases had TBAA. The diagnosis of TBAA was challenging in this study due to the median delay of 18 months between the first symptom and the start of antituberculosis therapy (ATT). Aortic aneurysm infection of Mycobacterium bovis is one of the rare complications. Currently published literature reported about 22 cases of bacillus Calmette-Guérin (BCG) spondylitis after intravesical therapy. Among them, only four cases showed a combination of mycotic aortic aneurysm and BCG spondylitis17,20-22.

  Recent reports from India suggested the possibility of additional pathologies including irregularities of the aortic lumen, stenotic lesions, and occlusion in young patients with TB elsewhere in the body, which are unrecognized in Western experience. The probable reasons for these lesions were hypersensitive reaction to the tuberculous antigens15.

  Risk Factors

  Travel, migration, multidrug-resistant M. tuberculosis strains, marginalized populations (e.g., the homeless or addicts), and immunosuppression, particularly acquired immunodeficiency syndrome, are important factors that contribute to the spread of tuberculosis causing aortic aneurysms23. Because of these factors, cardiovascular surgeons may be more frequently confronted with this pathology. Infants and young children (especially those under 2 years of age) are at greatest risk of developing severe, disseminated disease associated with high morbidity and mortality and they get infected usually by adults24.

  Gender and Age as Major Risk Factors for TBAA

  Approximately 18 case studies were reported under TBAA in the last ten years (2010 to 2020). Out of these case studies, 12 studies reported about male, five about female, and one study reported about both male and female (Table 1). Data from all these studies were analyzed and it was found that about 67% of the case studies included males, 28% included females, and 5% included both males and females (Figure 1). In most of these studies, the patients belonged to the age group between 61 and 80 years. Hence, it seems that age and gender are the two most important factors affecting the prevalence of TBAA.
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  Clinical Management of Tuberculous Aneurysm

  The accepted treatment of TBAA is a combination of antimycobacterial therapy and surgery. Neither medical treatment nor surgery is curative, if used alone. Availability of combined technologies of modern imaging, anti-TB therapy, and vascular grafts defines the rate of cure and durability5. Early recognition of aneurysms and prompt surgery by excision or grafting is found to be a prominent solution. The types of surgeries are debridement of the infected field with in situ prostheses, prosthetic grafting, extra-anatomic bypass, insertion of an aortic conduit, patch closure and direct closure6,9,25.

  These surgeries appeared to offer outstanding results. However, surgery is associated with high rates of postoperative complications, such as surgical wound infection, nosocomial bacteremia, early graft infection, bleeding, cerebrovascular events, and respiratory problems11-13.

  ATT is associated with steroids in case of inflammatory stenotic lesions. Surgery is not warranted in all cases, but it is suggested in case of worsening of the stenotic lesions followed by anti-inflammatory drugs26. Histopathological study and culture of the tissue from the aneurysm wall should be a routine procedure for the correct drug choice in these complicated patients11-13.

  In the case report of a 54-year-old woman with miliary tuberculosis, a mycotic aneurysm of the descending aorta was incidentally discovered and successfully treated with antimycobacterial therapy and endovascular stent-graft placement with a complete resolution of the condition within one year27. Recently, endovascular treatment has emerged as an alternative to surgery for these aneurysms28. In 2005, Food and Drug Administration (FDA) approved thoracic endovascular aortic repair (TEVAR) as the primary treatment strategy for degenerative thoracic aortic aneurysms29,30. Type of surgery, drug medication and post-symptoms of some of the recent studies are presented in Table 2.
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  DISCUSSION

  Different Cases Studies on TBAA

  In 2010, Clough et al.31 presented a case report of a patient with initial complaints of breathlessness, weight loss, and fever, and was diagnosed with acid-fast bacilli (AFB) infection. After five months of rifampicin, isoniazid, pyrazinamide, and ethambutol (RIPE) medication, angiography suggested supraceliac, infradiaphragmatic saccular, false aortic aneurysm, which was repaired by endovascular repair using custom-made endovascular stent graft. The patient had no postoperative complications and was discharged after 3 days.

  Costiniuk et al.32 (2010) presented a case of tumor resection and intravesical BCG immunotherapy for bladder. Emergent laparotomy was performed, and Dacron graft was implanted with subsequent antimycobacterial therapy (isoniazid, rifampicin, and ethambutol). The patient developed complications after 1st and 4th month due to hematomata with likely granulation tissue formation and a giant cell reaction to the foreign material but did not have AFB infection. The patient became stable after 12 months.

  Pierret et al.33 (2011) reported a case of a female patient with history of fever, thrombocytopenic purport, and gum bleeding. CT scan of the chest and abdomen revealed celiomesenteric lymphadenopathy and saccular dilations of abdominal aorta, while magnetic resonance angiography confirmed the presence of four saccular dilations of the posterior thoracic and celiac aorta. Subsequently, a percutaneous lymphadenopathy biopsy demonstrated granulomas with caseous necrosis consistent with tuberculosis. After five weeks of ATT therapy, surgical resection with cryopreserved aortic allograft patch for the reconstruction was performed. The antituberculous regimen was continued over nine months with follow-up. The patient recovered well, with no sign of illness.

  Benjelloun et al.28 (2012) reported a case of a female patient with a history of ruptured abdominal aortic aneurysm of tuberculous origin. Endovascular surgery was suggested, and three uncovered multilayer stents were implanted to cover the entire aneurysmal segment of the thoracoabdominal aorta above the renal arteries. Postoperative medications were aspirin and clopidogrel for one month. Follow-up after 18 months showed regression of certain aneurysms and disappearance of others over the course.

  In 2013, Marjanovic et al.34 reported the case of two patients with aortic aneurysm, one of them with tuberculous origin. Urgent endovascular repairs of descending thoracic aorta (DTA) were successfully performed with stent graft. After confirmation of mycobacterial infection, ATT therapy was advised to the patient for four months. Six-month follow-up revealed no endoleak, and complete aneurysm thrombosis with regression of aneurysm diameter with no signs of infection after 1 year.

  Kidney transplant in an immunocompromised patient was reported by Kuhan et al.35 (2013). Bronchoalveolar lavage was positive for AFB and initially treated with antituberculous drugs, such as moxifloxacin, isoniazid, pyrazinamide, and ethambutol. The patient was cured from endovascular aneurysm repair and later discharged with an 18-month course of anti-TB medication.

  Kim et al.36 (2014) reported a case of multiple tuberculous aneurysms of the thoracic and abdominal aorta subjected to endovascular stent graft repair. The patient then continued antimycobacterial treatment for 1 year and had no fever two months after the procedure. Fourteen months after the procedure, the patient was stable without any recurrence.

  Pathirana et al.37 (2015) reported a case of tuberculous aortitis. Clinical, imaging and histological findings confirmed ascending aortic aneurysm due to tuberculous aortitis. Aortic valve and root replacement were suggested with warfarin therapy along with ATT. The patient showed good clinical recovery on follow-up with functioning aortic prosthesis. Velayudhan et al.38 (2016) reported a case in which the patient with TBAA recovered well after open surgical repair. Dilangalen et al.39 (2017) reported a case of infectious aortitis with complaint of abdominal pain. The patient underwent total arch replacement, started with a fixed dose of ATT and fully recovered. Endovascular stent graft implantation proved to be an ultimate option for TBAA treatment in a 79-year-old male from Thailand25,40. The patient underwent posterior decompressive laminectomy and showed a gradual improvement in motor power. Finally, he was on continuous treatment with antituberculous chemotherapy for one year and was completely recovered40.

  In the case study presented by Li et al.25 (2019), a patient undergoing pulmonary TB treatment was diagnosed with thoracic aortic pseudoaneurysm. Here, posterior spine stabilization was followed by the placement of an endovascular stent graft due to the unexpected rupture of the pseudoaneurysm. Afterwards, infected tissues were debrided, and then spinal fusion was performed. Finally, the patient was advised with antituberculous chemotherapy for one year. After 24-month follow-up, the patient was completely cured and showed no signs of recurrent infection.

  Savlania et al.41 (2019) reported a case study on a saccular aneurysm arising from the anterior wall of the infrarenal aorta near the posterior wall of the duodenum. Open surgical repair of aneurysm with extra-anatomical right axillounifemoral bypass followed by exploratory laparotomy was performed and the patient was cured with some additional antitubercular drug.

  Recently, a case by Zhao et al.42 (2019) reported a male patient with chronic obstructive pulmonary disease who was diagnosed with multiple aneurysms. Endovascular repair using a microcore stent graft was performed. However, the patient died due to a pulmonary infection acquired while recovering at a local hospital. Mimbimi et al.43 (2020) reported a case of aortic arch wall thickening, a saccular dissecting aneurysm in the ascending aorta, several fusiform aneurysms and stenosis of all supra-aortic arteries. Examination of the cervical mass revealed M. tuberculosis infection and subsequently advised with ATT. After three months, the patient reported acute chest pain and underwent ascending aortic arch replacement. Postoperative care was uncomplicated, and the patient was discharged on the 10th day after surgery. No recurrence or evolution was seen after 6 months of follow-up.

  Prevalence, Recovery and Mortality

  The predisposition to tuberculosis-related aortic aneurysm in the population residing in industrial areas is expected to be more prevalent44 However, studies on the epidemiology of tuberculosis-related aortic aneurysm worldwide are lacking, making it difficult to predict the risk factor for this disease. The age group of patients suffering from TBAA ranges from 18 to 79 years, with an average age of 59 years. Therefore, it is presumed that TBAA is more common in the older male population.

  Medical therapy is suggested with a high dose of corticosteroids and immunosuppressive agents in case of steroid resistance. Prophylactic antibiotics, antituberculous drugs and antiplatelet therapy are the most common medications35,41.

  Combined surgical and medical management of TBAA has accounted for the best outcomes. In some patients whose conditions are not suitable for open surgery, such as age, weakness or severe organ failure, stent graft combined with antituberculous drugs can be considered as the therapeutic regimen45. The recovery rate is high with ATT and surgery, showing a low mortality rate. Continuous follow-up is required for successful recovery of the patients after both surgery and ATT for at least 6-24 months.

  The aneurysm could have been sterilized if the pre-existing lesion is taken in the aortic wall of vasa vasorum infected by M. tuberculosis46,47.

   

  CONCLUSION

  Overall, although TBAA is a rare life-threatening condition, patients can be saved if early surgery is undertaken. It is more applicable in endemic countries having a maximum global burden of tuberculosis. Early clinical suspicion and diagnosis of the condition using chest radiography and CT scan or magnetic resonance imaging, followed by surgical resection and use of anti-TB medication, as well as careful postoperative follow-up to prevent relapse, are crucial to manage this fatal condition. More population-based studies are recommended to properly understand the risk factors and mortality rate for the effective management of this disease.
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    ABSTRACT

    INTRODUCTION: Here we describe our technique and results of beating heart pulmonary thromboendarterectomy (PTE) with cardiopulmonary bypass (CPB) in four patients for treatment of chronic thromboembolic pulmonary hypertension (CTEPH).

    METHODS: Retrospective analysis of data from patients who underwent PTE for CTEPH between January 2019 and September 2020. Patients were followed up with clinical assessment, 2D echocardiography, and computed tomography pulmonary angiogram.

    RESULTS: Four patients were operated for CTEPH using our technique. Moderate tricuspid regurgitation (TR) and severe TR were found in two patients each. Severe right ventricular (RV) dysfunction was found in all cases. Thrombi were classified as Jamieson type II in three cases and type I in one case. Postoperative median direct manometric pulmonary artery (PA) pressures decreased (from 46.5 mmHg to 23.5 mmHg), median CPB time was 126 minutes, and median temperature was 33.35 °C. Mechanical ventilation was for a median of 19.5 hours. There was one re-exploration. Median intensive care unit stay was 7.5 days. There was no mortality. Postoperative 2D echocardiography revealed decrease in median PA systolic pressures (from 85 mmHg to 33 mmHg), improvement in RV function by tricuspid annular plane systolic excursion (median 14 mm vs. 16 mm), and improved postoperative oxygen saturations (88.5% vs. 99%). In follow-up (ranging between 2-15 months), all patients reported improvement in quality of life and were in New York Heart Association class I.

    CONCLUSION: With our described simple modifications, advances in perfusion, and blood conservation technologies, one can avoid the need for deep hypothermic circulatory arrest during PTE.

    Keywords: Pulmonary Hypertension; Pulmonary Artery; Endarterectomy; Cardiopulmonary Bypass; Temperature; Oxygen; Tricuspid Valve Insufficiency; Quality of Life.
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  INTRODUCTION

  Pulmonary thromboendarterectomy (PTE) is the definitive surgical treatment for chronic thromboembolic pulmonary hypertension (CTEPH)1. In this technique, a bloodless field is essential, and deep hypothermic circulatory arrest (DHCA) has been the preferred method to extract the pulmonary thrombus beyond the sublobar levels. However, DHCA is not devoid of its adverse effects which mainly include neurologic deficits2,3, renal dysfunction4,5, and bleeding6. In pursuit to control the troublesome back bleeding from the bronchial vessels and collaterals without the use of DHCA, several methods have been described to achieve complete thromboendarterectomy. Here, we describe our technique and modifications needed for PTE on beating heart cardiopulmonary bypass (CPB) with mild hypothermia on four patients.

   

  METHODS

  Study Design

  As this was a retrospective case series, ethical clearance was waived off. Retrospective data of patients who underwent beating heart PTE from January 2019 to September 2020 at the Department of Cardiothoracic and Vascular Surgery, North Eastern Indira Gandhi Regional Institute of Health and Medical Sciences (Shillong, India), were collected, and the operative records were reviewed. This study included four patients. Written and informed consent was taken. The patients were followed up with clinical assessment, investigations like transthoracic 2D echocardiography (2D echo) and computed tomography pulmonary angiogram (CTPA) were performed, and the data was collected.

  Inclusion criteria were patients reporting to/referred to our department with: (a) New York Heart Association Functional Classification (NYHA) class III & IV symptoms, (b) thrombus in main, lobar, or segmental pulmonary arteries (PA) as seen in CTPA, (c) no debilitating comorbidities, and (d) 2D echo evidence of right ventricular (RV) dysfunction. All patients with acute pulmonary embolism did not fit to undergo CPB, and those for emergency pulmonary embolectomy were excluded.

  Demographic variables, pulmonary artery pressure (PAP) (systolic, diastolic, and mean), RV dysfunction as measured by tricuspid annular plane systolic excursion (TAPSE) on 2D echo, central venous pressure (CVP), oxygen saturation (SpO2), CPB time, location of thrombus as described by Jamieson’s classification as well as University of California San Diego (UCSD) surgical classification, postoperative course, and any postoperative complications were studied.

  Pulmonary artery systolic pressure (PASP) was measured by pre- and postoperative echocardiogram. PAP was measured intraoperatively before and after PTE by direct needle manometry of main pulmonary artery (MPA). CVP and SpO2 were measured before and after PTE.

  Anesthetic Management

  Anesthesia was induced by intravenous administration of morphine, fentanyl, and vecuronium and maintained with intravenously administered propofol and inhalation of isoflurane. Monitoring was done by a radial artery line, central venous line, electrocardiography, nasopharyngeal and rectal thermometer, and transesophageal echocardiography. The heart rate was regulated to 60-70 beats per minute by boluses of beta blocker metoprolol.

  CPB Pump and Autologous Blood Conservation Setup

  Standard CPB circuit with St. Thomas II cardioplegia on standby and a cell saver (C.A.T.S®, Fresenius Kabi) is established. An aortic cannula and two straight venous cannulae for bicaval cannulation of appropriate size are used. Four pump suction lines are readied for a free cardiotomy sucker, vent sucker of the right superior pulmonary vein (RSPV), right ventricle, and either of the PAs (Figures 1 and 2). A hemoconcentrator for ultrafiltration is connected to the bypass circuit to achieve negative fluid balance. Core temperature is decreased to 32-34 °C (mild hypothermia), and flows are maintained at 2 to 2.4 l/min/m2. A high-pressure external sucker attached to the cell saver is used to connect an olive tip sucker, which is used as a dissector. The α-stat strategy of pH management is employed.
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  Instruments Required

  Two DeBakey vascular forceps (23 cm length), two ventricular septal defect retractors (23 cm length), one olive tip sucker connected to cell saver, a mastoid retractor with rubber inserts on blade tips, and a vascular clamp (straight or angled) are required (Figure 3).
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  Surgical Technique

  The operation is performed via a median sternotomy. After an inverted T pericardiotomy and attachment to the wound edges, direct pressure manometry by puncturing MPA is done. The superior vena cava (SVC) is looped and mobilized by cautery dissection. Mobilization of the branch PA is done intrapericardially, and none of the pleurae are opened. The aorta is looped with a vessel loop for better visualization (Figures 1 and 2).

  CPB is established by cannulating the ascending aorta and both caval veins after achieving an activated clotting time of > 480 seconds with heparinization (300 U/kg).

  A straight cannula in the SVC is guided high, near to the convergence of the innominate vein via the right atrial appendage, and snared. This method of cannulation further helps in proximal mobilization of the SVC. The inferior vena cava is cannulated and snared. An antegrade aortic root cardioplegia needle is inserted should the need for DHCA arise.

  A vent catheter is introduced into the RSPV. The left pulmonary artery (LPA) is then dissected beyond the origin of the upper lobe artery with careful preservation of the left phrenic nerve. A small arteriotomy is made in the right pulmonary artery (RPA) just right to the aorta, and a vent catheter is introduced into it and snared. Ventilation is then stopped.

  With the surgeon standing on the right side of the patient, an incision is then made in the MPA and is extended into the LPA beyond the origin of the upper lobe artery. Stay sutures are taken and the arteriotomy is exposed. A sump sucker is introduced into the right ventricle via the pulmonary valve and snared through the MPA wall. If bleeding from the RPA obscure the field of view, a vascular clamp may be applied upstream to the RPA vent.

  Any fresh or loose clots are removed for visualization of the chronic thrombus. Thromboendoarterectomy then commences with creation of the correct plane in the media. The correct plane appears as a smooth pearly white structure which is amenable to peeling with controlled traction, countertraction, and a sweeping motion of the olive tipped sucker (Figure 4). The free cardiotomy sucker is employed to clear blood from the field. The surgeon should pay his/her undivided attention to the plane of dissection and should not shift his/her field of view for exchanging instruments.

 
    

    [image: Fig. 4]

  

  Meanwhile, the blood collected from the cell saver is then transferred to the cardiotomy reservoir. In the endarterectomy of the sublobar branches, traction and dissection of the thrombus evert the media, and this may risk perforation of the PA. One should gently extract the thrombus which should come out spontaneously with its tapered tail (Figure 5).
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  After the endarterectomy, gentle positive pressure ventilation is initiated by the anesthetist to check for breach of PA wall which appears as air bubbles in the operating field. Brisk bright red back bleeding is an indirect sign of clearance from the endarterectomized segment.

  For final confirmation, an endoscope (5 mm diameter, 0 degree) is inserted into the LPA and clearance is confirmed in each segment with the olive tipped sucker clearing the bronchial back bleed. The thrombus extracted is examined in toto to confirm complete PTE in all segments.

  The RPA clamp is removed, and the incision is then extended from the vent insertion site to the right lower lobe branch just after the takeoff of the middle lobe artery. Visualization of the RPA tree is partially obscured due to the SVC running above it. Here, the modified mastoid retractor is applied between the SVC and aorta for better visualization of the pulmonary arterial tree. Alternatively, the SVC can also be retracted to the left for better viewing of the descending lobar branches. The dissection is carried out and the steps are analogous to the left as described.

  Upon completion, the pulmonary arteriotomies are closed in two layers with 5-0 polypropylene sutures. The patient is then weaned off CPB; direct PA pressure manometry is done, and chest is closed after heparinization reversal and hemostasis.

   

  RESULTS

  A total of four patients were operated for CTEPH from January 2019 to September 2020. Patient preoperative data is presented in Table 1. Preoperative transthoracic echocardiographic imaging revealed severe pulmonary hypertension with a median PASP of 85 mmHg, moderate tricuspid regurgitation (TR) in two patients, and severe TR in two patients. Severe RV dysfunction was found in all cases.
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  Before PTE, intraoperative needle manometry revealed median preoperative PAP of 46.5 mmHg (Table 1). The thrombi removed were classified as Jamieson type II in three cases and type I in one case1. As per the UCSD surgical classification7, the thrombi were classified as class I in all cases with one case having complete occlusion of the LPA (IC left) (Table 1). Post PTE, needle manometry showed decreased median PAP of 23.5 mmHg (Table 1). The median CPB time was 126 minutes, and the median temperature was 33.35 °C (Table 1).

  Patients postoperatively received mechanical ventilation for a median of 9.5 hours (Table 1). There was one re-exploration for bleeding, and the same patient had prolonged ventilation for 96 hours. The median intensive care unit stay was 7.5 days. There was no mortality. The median hospital stay was 26 days (Table 1).

  Postoperative echocardiographic examination revealed decrease in median PASP (from 85 mmHg to 33 mmHg). Improvement in RV function was derived by TAPSE on 2D echo (median: 14 mm vs. 16 mm) (Table 1). Median postoperative SpO2 also showed improvement (88.5% vs. 99%). Postoperatively, over a follow-up ranging between 2-15 months, all patients reported improvement in their quality of life and were in NYHA class I (Table 1). There were no neurologic complications.

   

  DISCUSSION

  PTE is the definitive treatment of CTEPH1. From its evolution of embolectomy to the current standard thromboendarterectomy, it cannot be over emphasized that complete clearance of the organized thrombus in the correct plane is vital for good outcomes8. Utley et al.9 emphasized that circulatory arrest was absolutely essential for distal segmental vessel thromboendarterectomy because of the increased bronchial circulation.

  The use of DHCA and the adverse effects have been extensively described in literature for the conduct of PTE2-6. However, different strategies to avoid the side effects of DHCA, to obtain a relatively bloodless field, and to decrease operating time have been described.

  In our procedure, we use four pump suckers and one external sucker connected to cell saver which helps us in obtaining a bloodless field. DHCA and its potential complications are thus avoided. Balloon catheter occlusion of the descending aorta to obtain a bloodless field as described by Hagl with the abovementioned setup was not needed10.

  In our modifications for performing PTE on beating heart with CPB, we avoid division of the great vessels without compromising clearance, thereby minimizing vascular trauma9,10. As the procedure is conducted on beating heart with CPB support, we negate the need of complex cannulation of the aortic arch vessels for selective antegrade cerebral perfusion for PTE11-13. Our method of PTE differs from the method described by Mikus et al.14 in the fact that we use extensive venting of the left atrium via the RSPV, the right ventricle, the contralateral PA, and do not arrest the heart. We, however, follow a strategy of blood conservation similar to the described by the author by using a negative suction dissector connected to a cell saver. We also differ from the technique described by Bisoi et al.15 because we vent the RSPV and do not transect the SVC.

  In our series, the hospital stay was prolonged because we are located in a remote area with poor patient compliance on follow-up. Our low-cost modifications for the conduct of PTE in this resource poor region are unique because of the use of mild hypothermia, the avoidance of cardioplegic arrest, avoidance of transection of the great vessels, and the ability to obtain a relatively bloodless field using external negative suction. The thorough checking of clearance the endarterectomized field by an endoscope also ensures that we can address remaining thrombus burden in the same setting.

  Limitations

  This study has its limitations. First, it was a retrospective analysis covering a 20-month period. Second, small sample size is a limiting factor to gain significant results. However, we believe this study may provide some useful information for the surgical management of CTEPH patients

   

  CONCLUSION

  The definitive treatment of chronic pulmonary hypertension is the complete evacuation of the thrombus load in the pulmonary vascular tree. Thromboendarterectomy under DHCA has been the most commonly technique employed to omit bronchial back bleed. Advances in perfusion, blood conservation, and our described modifications can make it possible to avoid circulatory arrest. However, the superiority of our technique cannot be established in view of the small number of cases.
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    ABSTRACT

    The treatment of valvular endocarditis in patients with cardiac implantable electrophysiological device (CIED) includes valvular surgery and lead extraction. This can be challenging in patients with severely reduced left ventricular ejection fraction (LVEF). Reduced LVEF in combination with sepsis and cardioplegic cardiac arrest can make weaning from cardiopulmonary bypass difficult. Some of these patients require venoarterial extracorporeal membrane oxygenation (VA-ECMO) for postcardiotomy syndrome. Lead extraction by manual traction is often not possible in cases with a long lead dwell time. Therefore, a lead extraction procedure with powered sheaths is required during the VA-ECMO support. We describe our technique for laser lead extraction during VA-ECMO support in a 64-year-old patient with triple valve endocarditis and lead vegetations.
    Keywords: Extracorporeal Membrane Oxygenation; Stroke Volume; Cardiopulmonary Bypass; Ventricular Function; Left; Heart Arrest; Endocarditis; Sepsis.

  

   

  
    [image: . Abb]

  

   

  INTRODUCTION

  In recent years, the number of pacemaker and implantable cardioverter-defibrillator (ICD) implantations has been rising. In line with this, an increasing number of patients require lead revision and extraction due to several reasons1. In guidelines, there are several class I recommendations for lead extraction, including local and systemic infections, as well as lead endocarditis. In patients with lead endocarditis, complete removal of all lead material from the vascular space and antibiotic treatment is recommended2-4. In cases with valvular involvement, additional surgical valve repair or replacement is often necessary5. Especially in cases of prosthetic valve endocarditis, valve surgery is needed. In cases of short implant duration of the cardiac implantable electrophysiological device (CIED), the leads can be removed by manual traction during valve surgery. However, in cases with long implant duration, lead extraction with specialized tools is necessary. Here, rotational mechanical sheaths as well as laser sheaths can be used with high success and low complication rates6,7.

  Patients with pre-existing heart failure can be prone to acute hemodynamic compromise in the setting of sepsis due to endocarditis. In rare cases, short-term mechanical circulatory support can be necessary due to postcardiotomy syndrome. Since, in case of infection, all lead material must be removed, lead extraction during mechanical circulatory support can be necessary. If lead extraction by manual traction is not possible, treatment with powered extraction tools like laser or rotational mechanical sheaths may be necessary.

   

  TECHNIQUE

  Lead extraction during venoarterial extracorporeal membrane oxygenation (VA-ECMO) support is a rare condition that requires some special techniques. We describe the technique in a 64-year old male patient with a history of aortic valve replacement and pacemaker dependency due to third-degree atrioventricular (AV) block, presenting with triple valve endocarditis including aortic, mitral and tricuspid valves. Furthermore, lead vegetation was present on the RV lead and the patient had a severely reduced left ventricular ejection fraction (LVEF) (Figure 1). He had one atrial lead and one active fixation ventricular lead, inserted through the left subclavian vein, implanted for 13 years. Due to the large vegetations in the aortic valve, the patient was treated emergently. The aortic valve was replaced by an Edwards Perimount 25 mm bioprosthesis, and the mitral and tricuspid valves were repaired with an IMR ETlogix 32 mm and a Medtronic Contour 3D 32 mm ring, respectively. The thrombi were removed from the RV lead and the leads were cut at the superior vena cava (SVC) level. Due to the pacemaker dependency, a right atrial and a right permanent ventricular epicardial lead were implanted. Due to the severely reduced LVEF and triple valve surgery, a weaning from cardiopulmonary bypass was not possible and the patient was placed on VA-ECMO via right subclavian artery and left femoral vein due to postcardiotomy syndrome. An attempt to extract the remaining leads from the subclavian route by manual traction with a stylet was not possible. Therefore, the patient was scheduled for a laser lead extraction procedure under VA-ECMO support the next day. The patient was treated under general anesthesia in a hybrid operating room (OR) using fluoroscopic guidance. The leads were prepared as previously described. The VA-ECMO flow was reduced to 1.5 l/min during lead extraction procedure to avoid collapse of the veins and prevent vascular damage.
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  After insertion of 2 lead locking devices (LLD), the laser lead extraction procedure was performed with 14-Fr GlideLight 80 Hz laser sheaths (Spectranetics Corporation, Colorado Springs, CO, USA) (Figure 2). Both leads were completely extracted, without complications, and extracorporeal membrane oxygenation (ECMO) flow was again increased to 5.0 liters (Figure 3). The patient was transferred back to the intensive care unit (ICU) and subsequently weaned from ECMO. After 6 days, ECMO could be successfully explanted. During hospital stay, the patient’s left ventricular function improved to 38%, so no ICD or cardiac resynchronization therapy (CRT) upgrade was necessary. After a long ICU stay, complicated by an abdominal ischemia, treated surgically, the patient recovered and could be discharged from the hospital.
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  DISCUSSION

  We have demonstrated a successful transvenous lead extraction during ongoing VA-ECMO support. In combination with surgical treatment of endocarditis and antibiotic therapy, a successful cure for systemic infection and sepsis was achieved.

  Lead extraction in patients with systemic infection or lead-associated endocarditis is recommended in the lead management guidelines (class I)2-4. Complete removal of all lead material from vascular and antibiotic treatment is recommended8. In cases with valvular involvement, additional surgical valve repair or replacement is often necessary. Especially in cases of prosthetic valve endocarditis or cases with left-sided valvular vegetation, valve surgery is necessary to improve the prognosis of the patient5.

  In cases with long lead implant duration, extraction by manual traction is often unsuccessful, and specialized lead extraction tools are necessary. Extraction by manual traction has been shown to have failure rates of up to 73%9. Even if the leads are cut at the SVC level and extraction is performed during open-heart surgery, manual traction alone does not often allow complete lead extraction, as previously described for patients after heart transplantation10. Since, in cases of systemic infection, the remaining lead fragments increase the risk of ongoing infection, complete lead extraction with specialized tools is of extraordinary importance in these cases. Furthermore, the enhanced visualization capacities of a hybrid OR with the possibility of multiplanar imaging are advantageous.

  In the case of transvenous lead extraction in patients with short-term mechanical circulatory support devices like ECMO, some special considerations need to be taken into account. First, the venous ECMO cannula can hinder the progress of the laser/mechanical extraction sheath in the SVC during the extraction procedure. This can be especially an issue in patients with multiple leads and limited space in the SVC area. In some cases, repositioning of the venous ECMO cannula might be necessary. In cases with previous open-heart surgery, as in our patient, cutting the distal lead part as high as possible in the SVC can prevent from the above-mentioned issue.

  Second, in patients with VA-ECMO support and high ECMO flow rates, there is a low filling of the venous system, which can lead to the collapse of the veins. This might increase the risk of venous laceration during the laser/mechanical extraction. Therefore, we recommend reducing the ECMO flow immediately before starting the extraction process, to allow the filling of the venous system and reduce the risk for damaging the veins with extraction tools. Depending on the hemodynamic ability of the patient, the ECMO flow can be reduced to 1-2 l/min for a short period of time. After successful extraction, the normal ECMO flow can be restored. The ECMO weaning should be initiated subsequently, when the hemodynamic situation of the patient is stabilized. In our case, a successful ECMO weaning was possible 6 days after lead extraction and additional antibiotic treatment for control of sepsis.

   

  CONCLUSION

  We demonstrated our technique for lead extraction under VA-ECMO therapy. In the illustrated case, triple valve surgery, as well as removal of all infected lead material, led to a successful infection control and the patient was successfully weaned from ECMO.
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  INTRODUCTION

  Female patient, 74 years old, with a history of hypothyroidism, diabetes mellitus type II, arterial hypertension (with mild ventricular hypertrophy), and dyslipidemia. She also had a chronic anxiety condition, with no psychotherapeutic accompaniment.

  The patient presented three events of Takotsubo syndrome (TTS) (in 2013, 2015, and 2018). Typical clinical signs of TTS could be seen in all circumstances: she was admitted in the emergency room (ER) with specific precordial pain and short breathing. The electrocardiogram (ECG) showed inverted, symmetric, and peaked T wave (in each event, a different heart wall was stricken: 2013, anterolateral; 2015, anterior; 2018, septal) (Figures 1A and 1B). In the first event, an echocardiogram (echo) showed the left ventricle with segmental alteration, anteroseptal dyskinesia, and apical aneurysmatic dilatation (Figure 2). In the second, it showed tiny ejection fraction for a segmental functional deficit of the anterior wall (Figure 3). And in the third, there was alteration of segmental mobility in the septal wall (Figure 4). None of the events showed significant alterations in cardiac enzymes such as troponin or creatine-phosphokinase-MB (or CPK-MB). In the first two events, at the beginning of precordial pain (first hours), the patient was submitted to an urgent cineangiocorography (CATH) that showed no sign of obstructive alterations (Figure 5A) and the ballooning left ventricular (LV) form, typical of TTS (Figures 5B and 5C).
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  In all cases, the patient was hospitalized for five days, presenting a full recovery from the symptoms and mobility wall alteration without further complications.

   

  QUESTIONS

  
    A. What is TTS?

    B. What are the probable causes for this disease?

    C. What would be the clinical challenges?

    D. What would be a good technique for the diagnosis of TTS?

    E. What would be the surgical challenges?

  
  Discussion of Questions

  Question A. Takotsubo cardiomyopathy refers to a reversible syndrome characterized by an LV systolic dysfunction with no coronary obstructive cause1. The singular TTS characteristics are the LV apical ballooning (Takotsubo format), LV akinetic apical region, and hyperkinetic base (compensatory stimulation)2-4. This syndrome is related to an episode of physical or emotional stress (trigger) that can induce a high peak of catecholamines on the patient’s blood5.

  Question B. The most accepted physiopathological theory for TTS proposes that an autonomic response for a high-stress episode induces an overload of cortisol and catecholamines in the patient’s blood. Also, there is a differential response for the peak of epinephrine in the beta-2 adrenergic receptors (negative response to high levels of epinephrine) and G-protein (beta-1) coupled receptors (positive response to high levels of epinephrine), and a differential aggrupation of those different receptors in specific areas of the ventricles (high presence of beta-1 receptors in the apical area with low beta-2, and high beta-2 receptors in a basal area with low beta-1)6. Those characteristics produce the apical-basal gradient of hypocontractility and hypercontractility, converging in the Takotsubo format of the heart7. Along with that, there is a vasospasm response of the epicardium and microvascular tissues which contributes to the ischemia and the similar aspect of the disease to myocardial infarction5,8.

  Question C. There are no specific clinical signs suggestive of TTS. Most patients are admitted to the ER with typical precordial pain and short breathing, ECG with inverted, symmetric, and peaked T wave in one wall derivations added to ST-segment alterations9, and echo with a reduced ejection fraction, which are signs that make any doctor suspects of myocardial infarction (acute coronary syndrome [ACS])7,10. In 2004, scientists proposed the Mayo Clinic diagnostic criteria to help doctors diagnosing TTS. This criteria scores transient LV dysfunction with wall motion abnormalities extended beyond a single epicardial vascular distribution, absence of obstructive coronary disease, ECG with ST-elevation and T-wave inversion, and absence of pheochromocytoma or myocarditis as a base for diagnosing TTS11.

  Question D. That is the most problematic issue of this disease, just an urgent CATH, that shows no obstructive alterations, is able to differentiate a myocardial infarction from a TTS, which changes completely the clinical trial.

  Question E. Analyzing data from the international Takotsubo Registry, it clearly stays that TTS is more frequently caused by a physical than an emotional trigger (36% physical, 27.7% emotional, 7.8% both, and 28% with no triggering event). Added to that, surgery, as physical stress, is one of the most recurrent triggers for high peaks of catecholamines in patients, being TTS a major complicator in the postoperative period of general surgery operations. TTS was already reported in open gastrectomy, in complications of liver transplant, and even in a caesarean section1,11-13. Afonso et al. showed, in a systematic review, that TTS can be an early complication of cardiac surgery originating from the administration of inotropic drugs, postoperative anxiety, hypoperfusion during cardiopulmonary bypass, and pain12. It is noteworthy, from the surgical point of view, the description of isolated cases of TTS in the postoperative period of cardiac surgeries, especially those associated with mitral valve disease. This detail cannot fail to be considered in cases that present a picture suggestive of acute myocardial infarction with normal coronary arteries. Suspicion is important because the use of amines is still indicated, and beta-blockers should be used. The suspicion of obstructive hypertrophic cardiomyopathy may lead to the indication of surgical treatment, a fact that is countersense since the hypertrophy of TTS is reversible.

   

  BRIEF CONSIDERATION OF THE CASE REPORTED

  The case reported stands out because of the rarity of > 2 events in one patient. There are just a few descriptions in the bibliography of this characterized case: the three different types of TTS (anterolateral, anterior, and septal) in the same person. Recurrences of this syndrome are infrequently recorded. In the largest series thus far, consisting of 88 patients, a recurrence rate of 2.7% has been reported. In cases of recurrence, one may cautiously speculate that perhaps there is a genetic predisposition towards developing such a reversible syndrome. Of note, Japanese investigators have detected CD36 deficiency in one such patient. This would suggest that certain genetic profiles may be more susceptible to develop stress-induced cardiomyopathy. Recently, Lau et al. (2021) published probably the largest series, including 519 patients with a confirmed diagnosis of TTS14. The patients were followed for 5.2 years and treatment with beta-blockers were associated with lower risk of recurrence or death. Otherwise, no association was observed between treatment with angiotensin-converting enzyme (ACE) inhibitors or angiotensin-receptor blockers and recurrence or death.

  In all the events, the patient was treated with acute thoracic pain protocol (acetylsalicylic acid, coronary vasodilator, and analgesics), with complete reversion of all the symptoms and ECG and echo alterations, with no further complications. Two months after each event, control ECG and echo had been made, presenting no alterations that suggested ischemia, and ejection fraction in 70%, with no alterations of segmental mobility (full recovery and no sequels).

   

  LEARNING POINTS

  
    - TTS is a disease that is most prevalent in adult women4.

    - TTS occurs in approximately 1-2% of the population with propensity to ACS.

    - TTS is of difficult diagnosis because of its similarity to an obstructive ACS.

    - ECG (inverted, peaked, and symmetric T wave) and echo (low ejection fraction) are the primary ways to suspect from a TTS and start a further investigation.

    - Cineangiocoronariography is the gold standard method for the TTS differential diagnosis.

    - Recurrences of this syndrome are rare and infrequently recorded.

    - In a series of 519 patients, followed-up for 5.2 years, treatment with beta-blockers was associated with lower risk of recurrence or death. Otherwise, no association was observed between treatment with ACE inhibitors or angiotensin-receptor blockers and recurrence or death.
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    ABSTRACT

    Accidental detachment of mechanical valve leaflet during implantation is a rare and potentially serious complication. When the lost leaflet cannot be found by direct visualisation, additional diagnostic procedures are necessary to detect it. Computer tomography is the best detection method, but the patient needs reoperation. We presented a patient in whom the detached leaflet migrated and became trapped into the left inferior pulmonary vein. The computed tomography (CT) scan was used to reveal leaflets, and successful extirpation was performed in the second operation.
    Keywords: Aortic Valve; Pulmonary Veins; Tomography; X-Ray Computed; Mitral Valve.
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  INTRODUCTION

  Accidental detachment of pyrolytic carbon hemidisc from the artificial valve is a rare and serious complication of the surgical aortic valve replacement procedure. It is most frequently caused by inadequate surgical manipulation or catheterization procedures in patients with a previously implanted mechanical valve1-3. The literature described spontaneous delayed leaflet detachment and embolization due to a structural defect of the artificial valve4. If a fracture occurs intraoperatively, part of the valve can generally be retained into the heart cavities or migrate distally into the thoracoabdominal aorta or aortic bifurcation. When the disc is fragmented, it can be found in the iliac, femoral or even popliteal arteries4,5. Experience shows that such an escaped leaflet is difficult to detect. If it is not possible to find the leaflet by direct visualization, additional diagnostic procedures can be used. Historically, computed tomography (CT) scan has been more successful than plain radiography, angiography, and ultrasound1.

  Case Presentation

  A 57-year old male was admitted to the hospital due to surgical aortic valve replacement. The procedure was performed through a partial upper ministernotomy. Cardiopulmonary bypass was instituted in a standard fashion. The vent was placed through the right superior pulmonary vein into the left atrium. The ascending aorta was clamped, and the heart was arrested by a blood cardioplegic solution. Transverse aortotomy was performed 1.5 cm above the origin of the right coronary artery. Excision of the severely calcified valve was performed with extensive decalcification of the annulus. The 21-mm mechanical aortic valve prothesis St Jude Medical Regent was sewn using simple pledgetted stitches and lowered to the aortic annulus using the original holder. During the tying of the sutures at the level of the commissure between right and noncoronary cusps, it was noticed that the right hemidisc of the prosthesis was missing. The artificial valve was immediately explanted from the position. Inspection of the left ventricle was made through the aorta, but the hemidisc was not found. Conversion to full sternotomy was done, and the left atrium was opened through the Sondergaard's groove. The left ventricle and the left atrium were visually and manually inspected without results. To better visualize the cardiac chamber, the endoscopic camera was brought through the aortic annulus into the left ventricle, but the detached hemidisc could not be identified. Due to the prolonged duration of cardiopulmonary bypass, it was decided to continue with the operation. Another mechanical prosthesis, St Jude Regent valve size 21 mm, has been implanted. After restarting heart contractions, intraoperative transesophageal examination was unsuccessful in detecting the missing leaflet.

  The patient was weaned from bypass and referred to the intensive care unit in a stable condition. Extubation was performed seven hours after the procedure. Chest radiography and transthoracic echocardiography did not identify a foreign body in the thorax. Subsequently, a CT chest scan was performed, and the missing leaflet was visualized about 2.5 cm deep into the left inferior pulmonary vein (Figures 1A and B). The patient was immediately transferred to the operating room. Reoperation was performed through median sternotomy using standard cardiopulmonary bypass. The aorta was clamped, and the heart was arrested with blood cardioplegia. Two deep stay stitches were placed on the left side of the pericardium to lift the heart into a good position and satisfactory visualization of left pulmonary veins and atrium. A 1.5 cm longitudinal incision was made just before the bifurcation of the tree, and a hemidisc was detected trapped at the level of the 1st bifurcation of the left inferior pulmonary vein. The valve part was completely pulled out using forceps (Figure 2). Deaeration and suturing of the vein were performed (Figure 3). The patient was successfully weaned from bypass. The postoperative course was uneventful, and the patient was discharged from the hospital on the 6th postoperative day.
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  COMMENT

  Only a few cases of leaflets accidentally detached from the mechanical valve, which were retained in the heart chambers, were reported. Raut et al.6 described a case in which a missing leaflet of the mechanical aortic valve was found in the left atrium. Eldreth et al.1 reported an escaped fragment of the aortic prosthesis detected in an atherosclerotic plaque in the abdominal aorta two years after implantation. They also stated about 30 cases of escaped leaflet published by various authors, of which 17 were successfully found and removed with a mean extraction time of 21 days.

  The location of the escaped leaflet (in our case, in the left inferior pulmonary vein) is unexpected. To the best of our knowledge, this is the first case in which part of the mechanical valve has become detached, dislodged and trapped into the left pulmonary vein. It is difficult to explain how the leaflet from the aortic position primarily passed the mitral valve and entered the left inferior pulmonary vein. Most likely, migration of the detached leaflet occurred before the heart began to contract. Considering that neither chest radiography nor echocardiography exam did not identify a foreign body, an early postoperative CT scan is probably the only way to visualize detached hemidiscs. Pyrolytic carbon, the material the leaflet is made of, is invisible to radiography and ultrasound.

   

  CONCLUSION

  Intracardiac detachment and loss of the mechanical valve leaflet is an infrequent but serious complication of surgical valve replacement. For this intraoperative complication, detailed examinations of the heart chambers are obligatory to find the missing leaflets. Unfortunately, in case of detection failure, a CT scan of the chest or the whole body is necessary to identify the foreign body. Early reoperation is mandatory to evacuate the missing leaflet and prevent adverse events.

  
    [image: . Authors]

  

   

  REFERENCES

  1. 1 Eldreth B, Hadjizacharia P, Feuer D. Embolized mechanical aortic valve leaflet causing infrarenal aortic stenosis and claudication. J Vasc Surg Cases Innov Tech. 2020;6(4):534-8. doi:10.1016/j.jvscit.2020.08.009.

  2. 2 Kornberg A, Wildhirt SM, Schulze C, Kreuzer E. Leaflet escape in omnicarbon monoleaflet valve. Eur J Cardiothorac Surg. 1999;15(6):867-9. doi:10.1016/s1010-7940(99)00109-8.

  3. 3 Pawale A, El-Eshmawi A, Tang GH, Ellozy SH, Anyanwu AC. Emergency valve re-replacement for embolization of prosthetic mitral valve disc during catheterization procedure. Ann Thorac Surg. 2013;95(5):1784-7.

  4. 4 van Steenbergen GGJ, Tsang QHY, van der Heide SM, Verkroost MWA, Li WWL, Morshuis WJ. Spontaneous leaflet fracture resulting in embolization from mechanical valve prostheses. J Card Surg. 2019;34(3):124-30. doi:10.1111/jocs.13975.

  5. 5 Mosterd A, Shahin GM, van Boven WJ, Jaarsma W, Graafland AD, van Swieten HA. Images in cardiovascular medicine. Leaflet fracture of a St. Jude mechanical bileaflet valve. Circulation. 2005;111(18):e280-1. doi:10.1161/01.CIR.0000164200.94488.80.

  6. 6 Raut MS, Maheshwari A, Dubey S. Missing leaflet of prosthetic aortic valve. J Cardiothorac Vasc Anesth. 2015;29(2):e20-1. doi:10.1053/j.jvca.2014.10.011.

   

   

  Correspondence Address:

    Igor Zivkovic

    Department of Cardiac Surgery, Dedinje Cardiovascular Institute
    Heroja Milana Tepica 1, Belgrade, Serbia

    Zip code: 11000

    E-mail: igor88zivkovic@gmail.com

   

   

  Article received on June 13th, 2021.

    Article accepted on July 21st, 2021.

   

   

  This study was carried out at the Department of Cardiac Surgery, Dedinje Cardiovascular Institute, Belgrade, Serbia.





  DOI: 10.21470/1678-9741-2021-0081

  CASE REPORT

  
    Pirola S, Fiori S, Maffini F, Mostardini G, Mastroiacovo G, Polvani G. Braz J Cardiovasc Surg 2022;37(3):412-416

  

  
    A Malignant Lymphoma Growing Inside a Cardiac Mixoma: A Case Report

  

   

   

  Sergio Pirola1*, MD; Stefano Fiori2, MD; Fausto Maffini3, MD; Giulia Mostardini1, RT; Giorgio Mastroiacovo1,4*, MD; Gianluca Polvani1,4, MD

  1Department of Cardiac Surgery, Centro Cardiologico Monzino, IRCCS, Milan, Italy.

  2Division of Diagnostic Haematopathology, European Institute of Oncology, IRCCS, Milan, Italy.

  3Division of Pathology, European Institute of Oncology IRCCS, Milan, Italy.

  
  Department of Cardiovascular Sciences and Community Health, University of Milan, Italy.

  *These authors equally contributed to this manuscript

   

  
    ABSTRACT

    INTRODUCTION: Lymphomas arising from cardiac myxomas represent a particularly rare pathology, with only few cases reported in the literature.

    Case presentation: We report a complete excision of a malignant lymphoma arising from a cardiac myxoma in a 44-year-old female patient. The myxoma presented like a floating mass within the left atrium with a maximum diameter of 3.5 cm. The clinical post-operative period was uneventful and the patient was dismissed on the 6th post-operative day.

    CONCLUSION: This case reinforces the concept of radical excision of cardiac neoplasms.

    Keywords: Myxoma; Lymphoma Heart Neoplasms; Epstein-Barr Virus; Postoperative Period.
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  INTRODUCTION

  Cardiac myxomas account for the majority of cardiac tumours (50%) and mainly affect middle-aged women1. Primary cardiac lymphoma is a very rare neoplasm that accounts for 2% of all primary cardiac tumours2. Lymphomas growing in the context of cardiac myxomas are extremely rare mixed tumours, with just few cases reported in literature.

  Case Presentation

  A previously healthy 44-year-old female patient presented to our hospital from an outpatient cardiology clinic with an echocardiographic finding of a floating mass within the left atrium.

  She was symptomatic for a few months for asthenia, dyspnoea and dizziness. She denied lipothymia or syncope and any history of drug/alcohol abuse or recent travel. Her family history was negative for cardiovascular/neoplastic diseases.

  The patient was in good clinical condition, NYHA class I and CCS 0. Cardiac auscultation revealed a classical diastolic “tumour plop”, not accompanied by another significant murmur.

  An urgent transthoracic echocardiogram with 3D digital reconstruction of the images was performed and confirmed the primary diagnosis (Figure 1). The mass originated from the fossa ovalis on the left side of the interatrial septum.
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  The maximum diameter was 3.5 × 3 cm. The mass had a lobulated, polypoid architecture and a narrow implantation stalk, appearing to be unstable, and prolapsed across the mitral valve orifice during diastole.

  To complete the diagnostic framework, cardiac, lung and brain computed tomography (CT) scans (Figure 2) were performed, without any pathological findings and recent cardio-embolic events were also excluded.

  
    

    [image: Fig. 2]

  

  The patient was then scheduled for surgery. The operation was performed trough a left atriotomy. The tumour presented as a pale pink, grape-like, semi-transparent mass. It had a particularly gelatinous and friable consistency, with a high risk of fragmentation during surgical manipulation. Due to these atypical characteristics, we suspect the malignant nature of the neoplasm.

  To perform a cautious removal of the mass, we started resecting it 2 mm from the implant base using a No. 11 scalpel blade to reduce the risk of tumour fragmentation.

  The next step was to perform a radical full-thickness resection of the implant base, located in the atrial septum, leaving a safety margin of 5 millimetres. This was followed by repeated and extended washing of the left chambers of the heart to reduce the risk of embolization of the remaining tumour fragments. The redundant interatrial septum, though largely resected, was closed by a direct suture. No complications occurred in the postoperative period, and the patient was discharged on the 6th post-operative day to a rehabilitation facility.

  At gross examination, surgical specimens included: a lesion with dimensions of 3.5 × 3 cm, pedunculated, translucid and with a villous surface, focally covered by fibrinous exudate; a 1.5 cm implantation stalk and a fragment of interatrial septum.

  Histological analysis showed that the lesion consisted of myxoid matrix containing thin vessels and scattered stellate cells, without mitotic activity and cytologic atypia. Interestingly, the fibrinous layer focally covering the lesion contained few dense aggregates consisting of large, blastic lymphoid cells, with clear-cut atypical features (Figure 3).
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  On immunohistochemical staining, the stellate cells embedded in the myxoid matrix were positive for CD34 and negative for cytokeratins AE1/AE3, CD31 and CD45/LCA, and with a very low Ki67 proliferation rate (<2%). Such findings were consistent with cardiac myxoma.

  Further immunohistochemical evaluation showed a B-cell phenotype (positive for CD20, PAX5, CD79A) of the atypical, blastic lymphoid cells, along with partial positivity for BCL6, IRF4, BCL2, CD30 and C-MYC (<40% of cells), negativity for CD10, CD5, CD15, ALKc and HHV8, and a very high Ki67 proliferation index (>80%). In situ hybridization for Epstein-Barr virus (EBV/EBER) was diffusely positive (Figure 3).

  Histological features and incidental findings were all consistent with an EBV-positive fibrin-associated large B-cell lymphoma, arising within a cardiac myxoma.

  The implantation stalk was focally involved by myxoma, but free of lymphoma, suggesting complete resection of the lesion.

  Total body CT scan and 18-FDG positron emission tomography excluded distant metastases. Oncologic consultation did not indicate adjuvant chemotherapy or radiotherapy.

   

  DISCUSSION

  Myxoma is the most common type of tumour among all primary cardiac neoplasms1. They usually originate from the fossa ovalis with a growth directed towards the left atrial cavity3. Common symptoms are related to embolic events due to myxoma fragments embolization and syncope episodes due to diastolic mitral valve obstruction1.

  Cardiac lymphomas are instead rare, amounting to only 0.6% of all cardiac tumours4. Although several subtypes of lymphomas may arise in the heart, the most common is diffuse large B-cell lymphoma not otherwise specified (DLBCL-NOS), usually associated with an aggressive biological behaviour5-7. On the other hand, the most frequent lymphoproliferative disease associated with cardiac myxoma is fibrin-associated diffuse large B-cell lymphoma (FA-DLBCL), with 16 cases reported so far8.

  FA-DLBCL is a recently recognized entity9, included within the spectrum of diffuse large B-cell lymphomas associated with chronic inflammation and has highly distinctive features: it arises in fibrinous material covering or contained in sites of chronic inflammation (most commonly within the cardio-vascular system), neither forming a mass nor producing specific symptoms9,10. Typically, the diagnosis is incidental, during histologic examination. FA-DLBCL is invariably EBV-positive.

  It is therefore likely that most of the previously reported cases of lymphomas arising in association with cardiac myxomas would be re-classified to FA-DLBCL according to the current classification of the World Health Organization, due to the concomitant9 positivity for EBV10-17 and for the typical location within the fibrinous material covering the myxoma18,19.

  More importantly, despite aggressive histological features (large cell morphology, high proliferation rate), FA-DLBCL is a localized disease with an indolent behaviour and a favourable outcome even with surgical excision alone. The rare event of relapse and the associated risk of local invasion3,9,20, however, reinforce the need for a complete surgical excision.

   

  CONCLUSION

  Our case report suggests that cardiac surgeons must be aware that even apparently benign cardiac masses can conceal malignant lesions, adopting a presumptive attitude of “malignancy until proven otherwise”, which should prompt always an accurate and radical excision of the mass.

  Recognition of a macroscopic unusual aspect of the lesion is of paramount importance, as all reported cases of lymphoid proliferation arising within a cardiac myxoma showed a partial or global gelatinous aspect of the neoplasm (especially in its peripheral areas) (Table 1).
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  The rarity of this disorder is an obstacle to prospective studies. Endocavitary masses with the peculiar macroscopic characteristics we have described could indicate a high probability of lymphocytic infiltration in the context of myxomatous masses. In this case, a specific, integrated diagnostic and therapeutic pathway should be followed, including: wide and radical resection and possibly a bone marrow specimen (easily collected during surgery from the sternal bone), to ensure a fast staging if the lesion would be proven malignant.
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  In this letter to the editor, we present how often culture and society can influence the course of transmission of a disease such as COVID-19, but not only. In particular, during the lockdown for COVID-19, patients suffering from heart disease with non-acute symptoms found themselves postponing the intervention as it was not urgent. In general, elective surgery is usually postponed, but necessary/emergency surgery may still be indicated. Between January 1st and April 30th, cardiac surgery activity in public and private “COVID-free” hospitals in the Apulian region was reduced.

  We treated only urgent/emergent cases or those whose treatment was considered non-postponable for more than a month. After the lockdown, from early May the cardiac surgery activity in the Apulian region was resumed, as the incidence of COVID-19 cases was zero. Cardiac surgery has undergone, like other branches of medicine, the interruption of elective procedures. The months from May to June in Puglia were characterized, as in the rest of Italy, by the reopening of public places and nightclubs, which caused an increase in contagions. However, in relation to the article “Cardiac surgery model during COVID-19 pandemic: now it's time to ramp up”, by Folesani et al. 1, we think that, in this moment, the virtuous strategies implemented by hospitals such as oropharyngeal swabs at ordinary intervals and the use of personal protective equipment for patients and healthcare personnel are likely to prevent the interruption of heart surgeries, despite the disrespect for social distancing in the reopening and underestimation of COVID-19 by some people.

   

  REFERENCES

  1. Folesani G, Botta L, Pacini D. Cardiac surgery model during COVID-19 pandemic: now it's time to ramp up. Ann Thorac Surg. 2021;111(2):737-8. doi:10.1016/j.athoracsur.2020.07.001.





  DOI: 10.21470/1678-9741-2021-0015

  LETTER TO THE EDITOR

  
    Roussakis A, Boumpoulis K, Nenekidis I, Gavalaki A, Petsios K, Dimopoulos S, et al. Braz J Cardiovasc Surg 2022;37(03):418-421

  

  
    Trends regarding the profile of cardiac surgery patients during the first wave of COVID-19 pandemic in Greece

  
 
   

   

  Antonios Roussakis1, MD, MSc, PhD; Konstantinos Boumpoulis1, MD, MSc; Ioannis Nenekidis1, MD, PhD; Aikaterini Gavalaki1, MD; Konstantinos Petsios2, RN, MSc, PhD; Stavros Dimopoulos3, MD, PhD; Ioannis Bisiadis3, MD, PhD; Panagiota Rellia4, MD, PhD; Konstantinos Perreas1, MD, PhD

  11st Cardiac Surgery Department, Onassis Cardiac Surgery Center, Athens, Greece. Email: antonisroussakis@yahoo.gr

  2Clinical Research Office, Onassis Cardiac Surgery Center,
Athens, Greece.

  3Intensive Care Unit, Onassis Cardiac Surgery Center, Athens, Greece.

  4Anesthesiology Department, Onassis Cardiac Surgery Center, Athens, Greece.

   

  Humanity faces one of the greatest healthcare challenges ever, due to the COVID-19 pandemic. According to WHO’s weekly operational report, published on 16th February 2021, we have 110,384,747 confirmed cases and 2,446,008 deaths globally (https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports). SARS-CoV-2 has been highly infectious, and it did not take long to cross the borders of China and soon become a global health threat with implications of unpredictable magnitude1. Noticeably, the rate of new infections is still high, with more than 2.7 million new cases per week, and there is a great concern regarding public health events associated with SARS-CoV-2 variants.

  Concerning cardiac surgery units, there was a clear impact on the daily routine in different ways2-5. Many changes took place regarding admission procedures, aggressive infection mitigation strategies in the operating room and during surgical recovery, intensive care guidelines and restrictions. Also, a necessity rose to postpone elective cardiac surgeries, to manage healthcare workers’ resources differently, to deal with the increased risk of infection for both patients and health professionals, along with the exaggerated skepticism among patients, affecting their willingness to undergo a cardiac surgery. In an international survey during the first wave of the pandemic, with the participation of more than 600 cardiac surgeons from America, Europe, Asia, and Australia, a median reduction in the volume of cardiac surgery cases was 50% to 75%, as most centers postponed elective cases and more than one-third of the centers reported more than 50% reductions in intensive care capacity6. This led to modifications in policies and guidelines regarding cardiac surgery priority to confront the pandemic requirements and scarce resources. However, these recommendations should be considered on case-by-case basis with a clear need for regular updates7-9.

  The Onassis Cardiac Surgery Center (OCSC) is a tertiary hospital focused on the treatment of cardiac surgery and cardiology patients. The core period of the first wave of the pandemic in Greece was the trimester from March to May 2020, with the peak of the crisis occurring in April10. During this period, some interesting changes in the characteristics of the patients treated by the 1st Cardiac Surgery Department were noted. Comparative demographic data between 2018 and 2020 for the patients operated in April of each year are presented in Table 1.
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  The left ventricular ejection fraction (LVEF) of patients operated in April 2020 was found statistically lower in comparison to previous years (P=0.024, df=4, Pearson’s chi-square=11.209) (Figure 1A). When comparing all 3 months of each year, only a clear trend was detected towards LVEF<50% for the COVID-19 period (P=0.075, df=4, Pearson’s chi-square=6.342) (Figure 1B). The mean EuroSCORE II of patients operated in April 2021 was considered elevated, even though this increase was marginally not statistically significant (P=0.067, df=143, t=1.664).
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  In an attempt to explain this finding and taking under consideration the facts of Greek reality during this health crisis, we were driven to a multifactorial hypothesis. The strict and prolonged quarantine limited drastically the physical activity of cardiac patients and their exposure to environmental triggers, leading to a decrease in the onset of new cardiac related symptoms or a limitation in the repetition of known ones, creating a “pseudo-asymptomatic” group of patients. Furthermore, it was noticed that even symptomatic patients delayed significantly to seek medical help due to worry or “fear” of exposing themselves to the risk of SARS-CoV-2 infection11,12. Moreover, in some cases, wasted valuable time was detected through the procedure of referrals from referring cardiology clinics to hospitals with cardiac surgery service. In addition, a number of centers postponed elective cardiac operations and even shifted their services as the special conditions demanded during the crisis. However, in our case, the strict safety policy undertaken from our hospital, with real-time PCR for COVID-19 contacted prior to the admission of all patients, along with other preventive measures, may have positively affected patients' sense of security and influenced their decision not to postpone their surgery. In accordance, Shehata et al.13 stated that, even though cardiac patients are at higher risk of developing COVID-19 in the perioperative period, the implementation of effective measures have been proved to prevent nosocomial transmission of COVID-19. Moreover, admission and provision of care to a non-COVID-19 unit, with a strict policy for use of personal protective equipment (PPE) and hand hygiene, is safer than being in the community, especially in periods of increased incidence. The magnitude of the impact of the above observations on the clinical status or prognosis of the patients remains unknown and, to investigate it thoroughly, multicenter studies are needed to combine and compare their experience in the subject.

  Our study has several limitations. Our results can be comparable to settings where infection rates remained similarly low to Greece and the time of surgical delay was not extremely prolonged. Our hospital policy enabled our department to be fully active and to perform cardiac surgery operations during the entire period of the pandemic. This was in accordance with the recommendations of the Greek Ministry of Health. However, the management followed by other hospitals may differ from OCSC’s.

  In conclusion, the COVID-19 pandemic has resulted in considerable delays and affected the patients’ clinical profile due to the implementation of restrictive measures in cardiac surgery units. Even though these medical collateral damages are still in the shadows, when the pandemic is managed, they will fully emerge. Therefore, this type of study is essential to implement a strategic plan for the management of cardiac surgery patients in the COVID-19 era, by acknowledging the possibility of prolonged recovery and the trends regarding elective or emergency operations based on healthcare professionals’ decisions and patient willingness to attend the hospital for surgery. Communication policies to prevent medical avoidance behavior are recommended, along with a clear policy regarding selection criteria for elective and emergency cardiac operations.
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  Dear Editor,

  We have read with interest the article “Retrosternal Deformations after Coronary Artery Bypass Surgery Using Statistical Shape Analysis” by Bademci et al.1 The authors have used novel statistical methods to demonstrate geometric changes in the mediastinum following coronary artery bypass grafting (CABG) surgery.

  The authors conclude that, following CABG, “the main pulmonary artery approximates to the sternum” with “narrowing of the retrosternal area”. They attribute this finding to the formation of scar tissue and adhesions which are the result of inflammation associated with cardiac surgery. We would like to inquire if the authors believe operative techniques affect the geometric changes in the mediastinum. Surgeons vary greatly in their CABG techniques, choice of grafts, pericardial closure, and use of cardiopulmonary bypass (CPB). On-pump CABG may precipitate inflammatory processes more potently compared to off-pump CABG2. Another technique that produces less inflammation is the mini-extracorporeal circulation (MECC) during CABG3. Therefore, postoperative adhesions and scar tissue formation could be attenuated in patients who are revascularized with off-pump CABG or using MECC.

  It is also possible that CPB times, blood transfusions, perioperative medications, and patient factors affect the amount of inflammatory response in the postoperative period. Data related to CPB and other factors that induce inflammation in the patient group in the study may be relevant. The cannulation strategy is also important, as central arterial cannulation may result in more retrosternal adhesions than femoral cannulation. The placement of a pulmonary vent catheter and the extent of tissue dissection around the pulmonary artery may influence the adhesions present in the postoperative period.

  For their statistical shape analysis, the authors have compared patients with previous CABG with a control group without a history of cardiac surgery. In our opinion, this overlooks interpersonal geometric differences in mediastinal anatomy. The size of the great vessels can be different in the population of patients who require cardiothoracic surgery than individuals who did not require an operation. Comorbidities accompanying heart diseases, including, but not limited to, aortic enlargement or elevated pulmonary pressure increasing great vessel diameters, may complicate the comparison of retrosternal distance4. If the authors can identify a cohort of patients who had chest computed tomography before and after surgery, their methods can be applied to distinctly assess the effect of CABG surgery on retrosternal adhesions. This would also allow controlling or comparing other important factors in inflammation.

  We congratulate the authors for their study in the underexplored field of retrosternal adhesions in cardiac surgery. The findings from this study can guide cardiac surgeons who face the perils of retrosternal adhesions in redo operations.
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‘Table 2. Number of thoracic surgeries and types of interventions performed in the Department of Cardiothoracic Surgery in
Alexandria Main University Hospital during the period from March 215 to October 1%, 2020, compared to the same period in the

previous year.

Intervention

March 21% - October 21,

March 21%- October 215,

2020 (number of cases) | 2019 (number of cases)

Lung resection; lobectomy/wedge 2 10
Lymph node biopsy 5 Il
Pleural surgeries (biopsy/decortication) 14 E]
Esophageal surgeries 1 7
Tracheal and bronchial surgeries 1 1
Endoscopic procedures (esophagoscopy/bronchoscopy) 7 45
Lung reduction surgeries (eg. bullectomy) 6 2
Thymectomy (for myasthenia gravis) 2

Feeding gastrostomy 1 4
Diaphragmatic plication 0

Thoracoscapic sympathectomy 10 20
Chest wall surgeries (ib resection/abscess evacuation, de-wiring/flaps) 2 2
Others 0 &
Reoperation 4

“Pleuropericardial window, mediastinal masses





OPS/images/a16img3.png
Table 3. Number of procedures performed by a four-year resident during the pandemic compared to the same period during the
previous year (data collected from the resident’s logbook)

Intervention

March 21%- October 1%, 2020

March 21%- October 1%, 2019

Number of cases L"":L:’izn, Number of cases m:““':;’i'o -
Saphenous vein harvesting 5 A 15 A
Cannulation for bypass 1 B 15 B
Median sternatomy 2 A % A
Sternal closure 2 A 9% A
Thoracotomy 3 A 35 A
Pleural decortication 1 C 5 B

“A=the procedure was done by the trainee without the main surgeon assising; B-trainee, assisted by a senior fesident; C=trainee is

the first assistant in the procedure.
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Table 1. Number of cardiac surgeries and types of interventions performed in the Department of Cardiothoracic Surgery in
Alexandia Main University Hospital during the pericd from March 21 to October 1%, 2020, compared to the same pericd n the
previous year.

Intervention March 21~ October 1%, |  March 21% - October 1%,
2020 (number of cases) | 2019 (number of cases)

Isolated coronary artery bypass graft (CABG) 6 8

Isolated valvular replacement (one o double valve replacement) 4 41

Combined CABG and valve replacement 2 2

Aortic surgeries 0 3

Pectoral flap for gapped stemotomy wound (post CABG) 2 [

Others 0 6

“Pericardiectomy, excision of left atrial myxoma
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Table 5. Post-hospital follow-up of children who underwent heart transplantation at Hospital de Base and Hospital da Crianca
Maternidade de Sao José do Rio Preto from 2010 to 2020 (N=9).

Post-hospital follow-up Frequency, mean (£SD) or median (IQR)
Alive at the end of the period reviewed (%) 88.9%
More than one hospitalization per year (%) 444%
Sepsis (%) 333%
Cellular rejection’ 1000%
ISHLT-bio? > 2R (%) 444%
BNP3 > 100 (%) 88.9%
Positive IgM titers for CMV* 88.9%
Positive IgM titers for EBV* 1%

BNP=Btype natriuretic peptide; CMV=cytomegalovirus; EBV=Epstein-Barr virus; lgM=immunoglobulin M; IQR=interquartile range;
ISHLT=International Society for Heart and Lung Transplantation; SD=standard deviation

TAtleast ane post-hospital endomyocardial biopsy indicating IR histological pattern.

“Classification of the ISHLT Biopsy Grading Scale.

3BNP measured in picograms per millliter 14 weeks following transplantation.

*Viral activation at some point during post hospital follow-up.
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Abbreviations, Acronyms & Symbols

BNP =B-type natriuretic peptide INTERMACS = teragency Regityfor Mechinical Assited Cradatory Support
v Cytomegalovirus IR = Interquartile range
COVID-19 = Coronavirus disease 2019 IsHIT =Intemational Socetyfor eartand Lung Transplantation
B Cardiopulmonary bypass w = Intravenous
DsA Donor-specific antibody LEF = Leftventricular efection fraction
MPAP ‘=Mean pulmonary artery pressure
No =Nitric oxide
PCR = Polymerase chain reaction
PEEP =Positive end-expiratory pressure
PO =Postoperative
PRA = Panel-reactive antibody
PR ~Pulmonary vascular resistance
RV ~Right ventricular
sD = Standard deviation
TeE ~Transesophageal echocardiography
HIK istidine-tryptophan-ketoglutarate ™™™ ~Temporary pacemaker
v = Intensive care unit VAD =Ventricular assist device
196 Immunoglobulin G VDRL ~Venereal disease research laboratory
igM = immunoglobulin M vis ~Vasoactive-inotropic score
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Table 4. Clinical and echocardiographic data from the immediate postoperative period of children undergoing heart transplantation
at the Hospital de Base and Hospital da Crianca e Maternidade de 530 José do Rio Preto from 2010 to 2020 (N=10).

Postoperative Frequency, mean (£SD) or median (IQR)

Mechanical ventilation (days) 10375
Dialyss required (%) 20
Sepsis (%) 40
Lowest PO LVEF (%) 5384111
Lowest PO RV FAC (%) 347:78
Highest PO MPAP () 213473
Use of NO (%) 30

VIS max > 10in PO 24 hours (%) %0

VIS max > 10 between PO 24-48 hours (%) 80

ICU length of stay (days) 255 202-525)
Mortalty in ICU (%) 10

FAC=ractional area change; ICU=intensive care uni; IQR=interquartile range; LVEF—left ventricular ejection fraction (calculated
using the Simpson method); MPAP=mean pulmonary artery pressure; NO=nitrc oxide; PO=postoperative; RV=right ventricular;
SD=standard deviation; VIS max=greater vasoactive-inotropic score
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‘Table 2 Procedural and postprocedural parameters of study population during the follow-up period.

Alive Dead
Variables All population Pvalue
n=111(65.3%) =50 (34.7%)

Type of valve, n (%) 01

EVOLUTR 0018 109 9(153)

SAPIEN XT 56329 31079 25 (424)

PORTICO. 71418 50 (45) 21356)

ACURATE 120.1) 1109 107)

DIRECT FLOW 165 802 361)
Predilatation, n (%) 98(576) 65 (586) 33(559) 074
Post dilatation, n (%) 24041 16(144) 8(136) 088
Implantation depth, mm 526075 520077 522:073 059
Paravalvular leakage (>2+), n (%) 1306 763 6(102) 037
Major vascular complications, n (%) 25(147) 16(144) 9(153) 088
Bleeding complications, n (%) 41040 25(225) 1627.1) 051
Pericardial tamponade, n (%) 509 00 585 <001
‘Acute kidney injury, n (%) 41040 16(144) 25424 <001
Permanent pacemaker,n (%) 19011) 14(126) 585 042
Rehospitalisation, n (%) (cardiovascular cause) 35205 17153) 18(305) 002
Sepsis with worsening of heart function, n (%) [ [ ] [
Poor positioning of the prosthesis/thrombasis, n (%) 509 208 360 023
Postprocedural IS or TIA, n (%) 635) 545 10.7) 035
Myocardial infarction, n (%) 202 208 0@ 03
Infective endocarditis, n (%) [ 0 ] [

I5=ischemic stroke; TIA=transient ischemic attack
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‘Abbreviations, Acronyms & Symbols

AAA = Abdominalsortic aneurysm
AFB = Addfast bacill

AT = Antituberculosis therapy

BCG = Bacilus Calmette-Guérin

a = Computed tomography

DIA  =Descending thoracicaorta

FOA  =Food and Drug Administration

RPE  =Rifampicin, isoniazid, pyrazinamide, and ethambutol
TAA  =Thoracicaortic aneurysm

TAAA  =Thoracoabdominal sortic aneurysm

TBAA  =Tuberculous sortic aneurysm
™ = Tuberculosis

TEVAR = Thoracic endovascular aortic repai
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Table 3. Two different univariable and multivariable Cox proportional hazards regression analysis models for determining
predictors of 30-day and >30-day mortaliy.

Model 1 Model 2
Pniarabis | Pvalue [ Multvarisble | pvalue | Multvariable2 | Pvalue

Early mortality HR (95% CI) HR (95% CI)
Acute kidney injury 2624(1.087-6333) 003 1.171(0401-3423) 077 0974 (0317-2.991) 097
LVEF 0964 (0.928-1.000) 005 0982 (0.946-1.021) 036 0.985 (0.949-1.023) 044
TAVR score 1407 (1.229-1611) <001 1.294 (1.092-1.533) <001 1.331(1.115-1.589) <001
CAR 1.026 (1.013-1.039) <001 1.020 (1.006-1.034) <001 - -
CRP 1.055(1.018-1.093) <001 - - 1.030 (0.985-1.078) 020
Albumin 0.827 (0.727-0.940) <001 - - 0.889 (0.767-1.031) 0.12
Late mortality
CVA history 4332 (2048-9.166) <001 4985 (2.121-11718) <001 4.738(2.004-11.200) <001
TAVR score 1.410(1.258-1581) <001 1.249 (1.080-1.444) <001 1.241 (1.073-1435) <001
LVEF 0952 (0.925-0.980) <001 0.954 (0.924-0.984) <001 0.953 (0.924-0.984) <001
Acute kidney injury 3.868(1.994-7.503) <001 2.240 (1.060-4.733) 004 2.189 (1.024-4.680) 004
Rehospitalisation 2058 (1.068-3.966) 003 1636 (0805-3322) 017 1.565 (0.747-3.277) 024
CAR 1.019(1.007-1.033) <001 1.008 (0.993-1.023) 029 - -
CRP 1.042 (1.009-1077) 001 - - 1.021 (0.979-1.066) 033
Albumin 0.867 (0.782-0.960) <001 - - 0.959 (0.853-1.079) 049

‘CAR=C-reactive protein to albuin ratic; CRP=Creactive protein; CVA=cerebrovascular accident; LVEF=left ventricular ejection
fraction; TAVR=transcatheter aortic valve replacement
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Table 2. Recent trends in surgery and drug management in TBAA.

Author Surgery Drug/medication Symptoms
Yes Yes
Surgery consisting of posterior
- spine stabilization, anterior excision Breathlessness, chest pain, weight loss,
Lietal of the infected field, and aortic 1-year AT "ond fever
reconstruction. Endovascular stent chemotherapy
grafting provides the best results
immediately
Yes Yes
“Ascending aortic replacement with Chestand back discormfort, painless
Han etal. 1 2ortic valve suspension and coil right supraclavicular lump and
embolization of right iliac artery ATT unintentional weight loss
pseudoaneurysm
Yes Yes
Velayudhan et alFl Abdominal pain
Open surgery soniazid and fampicin
Yes Yes
Dilangalen® Severe abdominal pain
Arch replacement surgery. AT
Yes Yes

Pluemuitayaporni®!

Radical debridement via left

AT chemotherapy for 12

Severe back pain, low-grade fever, mal-
aise, and weight loss

ranspsoas approach months
[ Ve Yes Upper gastrointestinal bleeding, abdom-
AT inal pain, and pulsating abdominal mass
No Yes
Pain in the back and on the right side
- AT regimen of the chest associated with dry cough,
Zhaoetal, Endovascular repair with microcore (pyrazinamide, presented with inabilty to walk for 1
stent graft soniazid, ifampici onth
and ethambutal)
Yes
'ATT, high-dose
corticosteroids, Growing right cervical mass, arterial pul-
Mimbirmi et a1 Yes antiplatelet therapy, | Sations, vascular murmur in carotid and
betablocker subclavian arteries on both sides

administration during
the iniial active phase

‘AT=antituberculous; ATT=antituberculous therapy.
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Table 1. Baseline demographic, linical, laboratory and echocardiographic parameters of study population.

Alive Dead
Variables All population Pvalue
n=111(65.3%) n=59 (34.7%)
Male gender, n (%) 85 (50) 49 (44.0) 36(61.1) 004
Age, years 784+7.1 77971 795470 017
BMI, kg/m” 268+42 269+44 265436 06
Hypertension, n (%) 106 (624) 74 (66.7) 32(542) on
Diabetes melltus,n (%) 8047.1) 50(45) 30(08) 047
Hyperlipidaemia, n (%) 94(553) 65(586) 29 (492) 024
Smoking, n (%) 86 (50.6) 52(473) 34(576) 02
Vascular disease history, n (%) 95 (55.9) 58(523) 37(627) 019
CVA history, n (%) 17(10) 436) 1322 <001
(COPD, n (%) 75 (44.0) 46 (414) 29 (492) 034
NYHA class IV, n (%) 74 (435) 36(324) 38(644) <001
‘Atrial fbrillation,n (%) 31082) 18(162) 1302 035
Presence of BBB, n (%) 26(153) 19(17.1) 70119 037
Aortic valve area, cm? 072+015 071£015 073+0.15 040
Mean aortic valve gradient, mmHg 48249 478486 489+99 045
Left ventricular ejection fraction, % 517497 531488 49.1+108 001
SPAP, mmHg, [IQR] 36 [32-45] 36 [30-45] 38 [35-45] 015
TAVR score, %, [IQR] 392653] 3012343] 534277 <001
EuroSCORE Il 4934911 39126671 74144119 <001
FBG, mg/dL. 1201[104-150] 123[105-152] 119[103-146] 075
eGFR, ml/min 68 [49-80] 715280 56144.77) <001
Haematocrit, % 361455 364455 358455 048
WBC, 10¥/uL 74£21 74+19 74524 084
Platelet, 107/ 2305+80.1 23624839 21984719 021
CRP. 58[32-158] 463-116] 10[4.7-24 <001
Albumin, g/dL 394034 4+032 37+032 <001
(CARX100 14839 11[7-28] 28 [12-68] <001

BBB=bundle branch block; BMI=body mass index; CAR=C-reactive protein to albumin ratio; COPD=chronic obstructive pulmonary
disease; CRP=C-reactive protein; CVA=cerebrovascular accident; eGFR=estimated glomerular filtration rate; EuroSCORE li=European
System for Cardiac Operative Risk Evaluation l; FBG=fasting blood glucose; IQR=interquartile range; NYHA=New York Heart
‘Association; sPAP=pulmonary artery systolic pressure; TAVR=transcatheter aortic valve replacement, WBC=white blood count
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Table 1. Perioperative details of patients undergoing beating heart pulmonary thromboendarterectomy.

PREOPERATIVE FINDINGS

Patient 1 Patient 2 Patient 3 Patient 4. Median
Age (years) 3 24 46 47 35
Sex Male Male Female Male
Preoperative ICU admission - - - -
ovr - - - -
NYHA class n v [ v
20 echo
EF (06) 60 60 57 60 60%
PASP (mmHg) 72 68 9% 120 85 mmHg
® Severe Moderate Severe Moderate
TAPSE (mm) 15 18 13 13 14mm
Preoperative CTPA
RPA, mm 16 29 21 35
LPA, mm 19 g3 23 3
MPA, mm 24 40 34 39

INTRAOPERATIVE FINDINGS
Jamieson class [ | ] I1(LPA only)
UCSD surgical class | | | ICleft
CPB time (minutes) 108 17 135 161 126
Minimum temp (*C) 2 339 337 3 3335
5p0; (%)
Preoperative 89 79 88 £ 885
Postoperative 99 % 100 % 9
cvp
Preoperative 2 2 19 % 235
Postoperative 13 12 12 1 12
ABP (systolic/diastolic/mean in mmHg)
Preoperative 98/60/73 78/40/52 74/49/57 145/110/122 MAP65
Postoperative 118/82/94 78/51/60 116/69/85 131/51/78 MAP 815
PAP (systoli in mmHg)
Preoperative 65/34/44 51/48/49 24/15/18 104/49/67 mPAP 465
Postoperative 3520725 2772022 28/17/21 40/26/31 mPAP 235
POSTOPERATIVE FINDINGS

Re-exploration No No No Yes
Ventilation (hours) 24 15 12 % 195
ICU stay (days) 4 3 1 14 75
Hospital stay (days) 3 2 2 40 2
NYHA class 1 1 1 [
2D echo
EF () 58 60 60 65 60%
PASP (mmHg) 30 2% 40 36 33mmHg
® Trace Trace Moderate Mild
TAPSE (mm) 2 16 15 16 16 mm
Postoperative CTPA
RPA, mm 18 19 17 24
LPA mm 2 10 2 18
MPA, mm 2 35 3 34
Follow-up (months) 15 14 4 2 9
*Thrombus

2D echo=2D echocardiography; ABP=arterial blood pressure; CPB=cardiopulmonary bypass; CTPA=computed tomography
pulmonary angiogram; CVP=central venous pressure; DVT=deep venous thrombosis; EF=ejection fraction; ICU=intensive care
unit; LPA=left pulmanary artery; MAP=mean arterial pressure (in mmHg); MPA=main pulmonary artery; mPAP=mean pulmonary
artery pressure (in mmHg); NYHA=New York Heart Association Functional Classification; PAP=pulmonary artery pressure (by needle
manometry); PASP=pulmonary artery systolic pressure; RPA=right pulmonary artery; SpO;=oxygen saturation; TAPSE=tricuspid
annular plane systolic excursion; TR=tricuspid regurgitation; UCSD=University of California San Diego
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Fig. 2 - Radiography of the prostheses used in the test. Superior -
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Table 1. Pressures (in atm) at which fracture occurred in each bioprosthesis model studied after application of radial force by a
high-pressure non-compliant balloon,sizes 20 or 22 mm.

Model Fracture pressure (atm)
Cardioprétese Premium® 19 (20-mm balloon) 8
Cardioprétese Premium® 21 (22-mm balloon) 12
Labcor Dokimos Plus® 19 (20-mm balloon) I
Labcor Dokimos Plus® 21 (22-mm balloon) 12
Labcor* TLPB 19 (20-mm balloon) 7
Labcor* TLPB 21 (22-mm balloon) I
Braile®19 (20-mm balloon) 2
Braile® 21 (22-mm balloon) 3
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Fig. 5 - Labcor TLPB prosthesisafter fracture, sizes 19:mm and 21mm
Radiography ~ (superior-inferior _projection) and ~photographs
(intact lining and dissected lining). Arrow coresponding to the
fracturessite.
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Fig. 6 - Cardioprotese Premium prosthesis afterfracture sizes 19mm
and 2imm. Radiography - (superior-inferior _projection) and
photographs (intact lining and ~ dissected  lining). ~ Arow
comesponding to the fracture site.
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Abbreviations, acronyms & symbols

v = Atrioventricular
aep Cardiac implantable electrophysiological device
@Y = Cardiac resynchronization therapy

ECMO Extracorporeal membrane oxygenation

D implantable cardioverter-defibrillator
icu intensive care unit

uo Lead locking device

WEF Left ventricular ejection fraction

OR = Operating room

RV =Right ventricle

svc = Superior vena cava

VA-ECMO  =Venoarterial extracorporeal membrane oxygenation
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Fig. 4 - Labor Dokimos prosthesis after facture, sizes 19 mm and
21 mm. Radiography (superior-inferior projection) and photographs
(intact lining and dissected lining). Artow corresponding to the
fracturesite.
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‘Abbreviations, Acronyms & Symbols

TAV  =Transcatheter aortic valve implantation
VIV =Valveinvalve
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Table 3. Indications for the reaperation.

Indications for the reoperation n %
Aortic valve related factors 5 143
Aneurysmal dilatation of aortic root 4 14
Pseudoaneurysm formation in proximal

n 318
anastomotic leakage
Aneurysmal dilatation of aortic arch 5 143
Pseudoaneurysm formation in distal

4 14
anastomatic leakage
Redissection 6 171
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‘Abbreviations, acronyms & symbols

s = Canadian Cardiovascular Society
a = Computed tomography

DLBCL-NOS =Large B-cell lymphoma not otherwise specified
EBY = Epstein-Bar virus

EBER = Epstein-Bar virus-encoded small RNAS
FA-DLBCL = Fibrin-associated diffuse large B-cell lymphoma
LMP1  =Latent membrane protein 1

NYHA  =NewYorkHeart Association
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Table 1. Demographic characteristics of the study population.

Demographichracterstics waote [ apiaots [ ppriz020 [ Totlzample
Age* 69.05+9.52 (69) 67.92+1263 (72) 71044714 (73) 6933+10.1 (72)
Sex
Male 11 (256%) 14 (26.9%) 17 (34%) 42 (29%)
Female 32 (744%) 38(73.1%) 33 (66%) 103 (71%)
EuroSCORE Il 245+248(1.75) 237+269 (1.58) 392+226(1.93) 2.93+530(1.75)
CCs
Unspecified 0(0%) 0(0%) 5(10%) 5(34%)
Type | 12 (27.9%) 10(19.2%) 7(14%) 29 (20%)
Typell 10(233%) 7(13.5%) 13 (26%) 30 (20.7%)
Typellll 1(23%) 1(1.9%) 102%) 3(21%)
Type IV (unstable) 0(0%) 1(1.9%) 1(2.0%) 2(1.4%)
Noangina 20 (46.5%) 33 (63.5%) 23 (46%) 76 (52.4%)
NYHA
Type | 10 (233%) 17 (32.7%) 8(16%) 35 (24.1%)
Typell 29 (674%) 29 (55.8%) 34 (64%) 90 (62.1%)
Type lll 3(7.0%) 6(11.5%) 8(16%) 17(11.7%)
Type IV 1(23%) 0(0%) 2 (4%) 3(21%)
History of MI 13 (302%) 11(21.2%) 17 (34%) 41 (283%)
Duration of mechanical ventilation (hours) 101242355 (56) 82.44+156 (40) 7076+ 872 (47) | 8399+166.1 (40)
Duration of ICU care (hours) 483+231.1(8) 347+1323 (8) 2314381 (14) 3474 +1496 (8)
Duration of postoperative hospitalization (days) 9.58+9.74 (7) 9.01+807 (7) 8344368 (7) 8944746 (7)

*Mean:SD (median). CCS=Canadian Cardiovascular Society; ICU:

Heart Association

tensive care unit; Mi=myocardial infarction; NYHA=New York
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Table 6. Post-reoperative outcomes.

30days | 12months
(n) n)
Mortality 2 0
ONs disorder 2 0
Paraplegia 0 0
Rupture of residual dissection 0 0

(CNS=central nervous system
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Table 4. Time interval between the first surgery and
reoperation.

Al Acute type A aorti
cases | dissection as first operation

Time interval (years) | 55:36 48132

Pvalue refers to the comparison between the two groups.
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Table 5. Methods of reoperation.

Method of reoperation n %
Repair of anastomotic leakage

Proximal anastomotic leakage (includes o | 1
coronary artery anastomotic leakage)

Distal anastomotic leakage 2 57
Periaortic valve leakage 1 28
Sun's procedure 2 57
+ascending aorta replacement 10 | 286
+aortic valve replacement 1 28
-+ mitral valve replacement 1 28
+abdominal aorta replacement 1 28
+ Carbrol procedure 1 28
Bentall procedure 3 86
Ascending aorta replacement 2 57
Aortic valve replacement 1 28
Excision of pseudoaneurysm

+aortic valve replacement 1 28
+ascending aortic perigraft-to-right atrial

shunt ! 28
+ tricuspid valvuloplasty 1 28
Apico-brachiocephalic artery bypass + | o5
aortic stent implantation

CABG + resection of ventricular aneurysm | 1 28

CABG=coronary artery bypass grafting
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Fig. 1 -Upregulation of the expression of Tim-3n CD4:+ T cels i peripheral blood of patients with CHID. A-D: Flow cytometry was used to detect
theexpression of Tim-3in CDA4+ T cell in peripheral blood of the control group, mild group, moderate group and severe group. E: Flow cytometry
was used to analyze the quantitative results.: GRT-PCR was used to detect the expression of Tim-3 mRNA in CD4+ T cellsin peripheral blood of
each group. *Compared with the control group, *P<0.05, **P<0.01, ****P<0.000:*P<0.05.
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Fig. 3 - A B C: Morphological features of the lesion. Whole-mount
section of myxoma, with villous surface and a superficial fibrinous
cap (amows) containing lymphoid aggregates (4, haematonilin-
eosin). The myxoma consists of @ translucent loose matrix containing
scattered stellate cells (asterisk). The lymphoid cells embedded in
fibrinous material (arrowhead) are large sized and atypical (8, C inset,
‘haematoxilin-eosin). D, E, F: Immunophenotypic features of fibrin-
associated diffuse large B-cell lymphoma. The atypical lymphoid cells
have a B-cell phenotype, being positive for CD20 (A) and PAXS (B), are
diffusely positive for EBV/EBER (C) and have a high Ki67 proliferation
index (D), in contrast to the myxoma cells (D, upper half), which are
almost completely
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Fig. 2 - Upregulation of the expression of L7 in peripheral blood
serum of patients with CHD. The expression level of 7 in peripheral
blood serum of the study subjects in each group was detected

by ELISA. *Compared with the control group, *P<005, **P<001;
#P<005.
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Fig. 2 - CTbased 3D virtual reconstruction of the mass performed using
MIMICS software showing the extremely irregular borders and a narrow
implantation stalkn the fossa ovals.
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Abbreviations, acronyms & symbols

Avg Average
CABG = Coronary artery bypass grafting
s Central nervous system

a Computed tomography

1A8P  =Intra-aortic balloon pump

icu Intensive care unit

NYHA  =NewYork Heart Association
ser Serum creatinine

D = standard deviation
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Table 1. Primer sequences used in this siudy.

Primer name Sequences (5'-3')
Tim3F CTGCTGCTACTACTTACAAGGTC
Tim 3R GCAGGGCAGATAGGCATTCT
GAPDHF GCAAGGATGCTGGCGTAATG
GAPDHR TACGCGTAGGGGTTTGACAC

GAPHD=glyceraldehyde 3-phosphate dehydrogenase

mean:standard deviation (SD). One-way analysis of vriance was
used when multiple groups of data were compared. Correlation
analysis was performed using the Pearson correlation test. A
P<005 was considered statistically significant.
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Fig. 3 - Corelation among the expression levels of Tim-3, L-7 and the severity of disease. A-C: corelation among Tim:3, I1-7 and Gensini
score was analyzed by Pearson correlation test.
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Table 2 Content validity index.
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SECTIONA
tem1
What s the name of your anticoagulant medicine? ' 085 ' 092
(Qusl .0 nome do seu meddicamento anicoagunte)
tem2
Why has your doctor prescrbed you this medicine? 095 1 1
(Por que seu médico presreveu esse medicamento para vocé?)
tem3
How does this medicne work n your bocy? 095 035 1
(Vocé sabe como esse medicamento age em seu corpo?)
tem .

How many times a day do you need o ake this medicine? ' ' '
(Quantas vezes 20 dia vock precsatomar esse medicamento)

tems

For how long do you need to take this medicine (for example, 3 months, 6 months,

ffeong)? ' 1 1
(Por quanto tempo vocé precsatomar esse medicamento (por exemplo, 3 meses, 6

meses, por tod a vida?)

tems.

Why i tmportant to take this medicine exacty a5 your doctor s oldyou? . o o
(For que é importante tomar esse medicamento exatamente como o seu médico

he expleo?)

tem?7

Is t important o take this meicine a the same time each cay? ' ' '
(€ importante tomar esse medicamentono mesmo horiri todos os i)

tems.

Ist okay to double the next dose of this medicine fyou s a dose? E e .
(Vocé acha que exitis algum problema sevocé dobrara dose do anticosguinte

caso tenha esquecido de tomar a dose anterior?)

tems.

Is t possble tha skipping one dose ofthis medicine could worsen your condition? o8 085 '
(Voct acha que esquecer uma dose do anticoaguiante pode piorar 2 sua doenca?)

tem 10

Is t approprite tostop taking this medicin once you feel beter? 095 03 '
(focéachs propriado parar de tomar o anticosgubnte quandovock s sente melhorl)

tem11

Is it 3 o take antinflammatory medicins ke buprofen (Nurofer or Adv)

while you are taking ths medicine? 095 035 '
(Vocé acha seguro tomar medicamentos antinflamatdrios, como buprofeno

(Alivium?®, Ibupril® ou Advil®), enquanto vocé esta tomando esse anticoagulante?)

tem12

Is it 3 to take vitamin supplements and herbal medicines it this medicine

without consuling your doctor? 03 085 035
(Vocé acha seguro tomar suplementos vitaminicos ou ervas medicinais com esse.

medicamento sem consultar seu méclica?)

Ttem13

Isthere any bencft i tking mre of his meciine than your doctorhas ol youto take? . o o
(Vocé acha que existe algum beneficio em tomar doses acima da recomendada

peloseu médica?)

tem 13

Wil driking too much slcohol ncrease the rik of s efects with this medicine? s 0 0
(Vocé acha que tomar bebidas alcodlicas em grandes quantidades com esse

mecdicamento aumenta o risco de efeitos colaterais)

tem 15

Would you nforma surgeon, dentistorcther heslth professonslthat you are

{aking ths medicine before undergoing surgery or aprocedure? ' ' '
(Vocé nformaria m ciurgo, dentita o outro profissionslde saide de que esté

tomando esse medicamento antes de ralzaruma crurgia o um procediment?)

tem 16

Istmportant that all the health cae practitoners you see know that you are

taking this mecicine? 095 ' '
(Eimportante que todos os profissionais de saide pelos quas ok &

acompanhado saibam que vocé fz uso de anticoagubante?)

tem17

What s the most important e efect o this medicine? 08 08 03
(Qusl €0 efefto coateal s importante que seu anticosguiante pode causar)

tem 18

THREE signs of sice effcts that you should watch out for whie taking this mecicine

are 075 s 03
(Cite TRES sinais de efeitos colaterais para os quais vocé deve estar atento quando

usa anticoagulante)

ltem 19 035
THRE things you cando to reduce your sk ofside effects are: s o

(Cite TRES coisas que vocé pode fazer para reduzir os riscos de efeitos colaterais dos

anticoagulantes)

tem20

What s the best tep o take f you accidental take too much ofthis medicine? - 0 e
(5e acdentalmente vocé tomasse uma dose de anticosgulante muto acima da

prescrita, o que vocé faria?)

SECTIONB

tem1

Whats your arget INR ange? 075 08 03
(Qual & o vaor de RN ideal para voce)

tem2

What was your st N reading? 03 0 085
(Qual o seu lim resutado de RNP)

tem>

e regulr INR tests necessary t know how well his medicine s working?

(Vocé acha que sso necesséros exames regubres de RN| paa saber e o 0% 0%
anticoagulante esta funcionando bem?)

tem .

Is an INR value above your target range good for your general wellbeing?

(Vocé acha que um valorde AN acima da sua faixa idesl € bom para 0 seu berm- o8 o 0%
estor geral)

tems

It possbl for INR values below your target range to be bad fr your health? e . .
(Vocé acha que resultados de RN! abaixo da sua fixa deal s50 ruins para  ua

saide?)

temea

Ist possbl for what you eat o affect your warfarn therapy? 08 035 035
(Vocé acha que o que vock come afeta o seutratamento com varfarina?)

temeb

1Fyou answered Yes above, st THRE foods tha can afectyour anticoaguiant

therapy. 03 ' 03
(Se vocé respondeu Sim'na questao anterior, vocé sabe dizer TRES alimentos que

podem feta oseu ratamento com anticoagulantes?)

tem?7

Listone vtamin tha cansignificantly affect your anticoagulant therapy. e 0 0

(Cite uma vitamina que pode afetarsignificatiamente o seu tratamento com
anticoaguiante)

[rs

tem content valdity index; INR=international normalized raio; RNI=raz3o normalizada internacional; - CVi=scale content vlidty index
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Table 1. Demographic characteristics of the sample.

N Female, Educational level, Treatment duration,
Group (total) New  |AgeliaRl(years) N %) N %)
Bachelor
19(34.5)
Pharmacist 55 44 (80) 28[26-33] NA
Postgraduate
36 (65.5)
No formal education <3 months
8(14) 235
High school 3-12 months
68) 60105)
College 12-24 months.
- 5 el 55146 68 14 (246) 9(158)
arent s e Technical education > 22 months
40 40(70.2)
Bachelor
9(158) A
Postgraduate
102) A
295 College
[27-4275] 5(139)
Population 3% 20656 ] NA
Postgraduate
15 (41.7)

|QR=interquartile range; NA=not applicable
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Fig. 1 - Totalscore comparison between groups/Tukey's post hoc test showed significant

differences (P<0.001) in comparing the means of ll the groups (pharmaciss v.patients;
pharmacistsvs. population patients vs. population).
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Fig. 2 - Identification of myocardial ischemia/reperfusion (MIR) injury in diabetic mouse models. A-B) Glucose (4) and body weights (B) of
dlabetic rats at three days, one week, two weeks, and three weeks fter streptozocininduction. C) Left ventricular developed pressure (LVDF) level
ineach group after IR (n=6). D) Infarct’s size of each group after MIR observed by 2, 3, 5-triphenyltetrazolium chloride staining (n=3). One-way
analysis of variance (ANOVA) and repeated ANOVA were employed to veriy tatistical significance. * P<0.05, compared with the non-diabetic
sham (NS) group; # P<0.05, compared with the diabetic sham (DS) group; & P<0.05, compared with the diabetic + ischemia/reperfusion (DIR)
‘group. Dex=dexmedetomidine; NIR=non-diabetic + ischemia/reperfusion.
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Fig. 3 - Dexmedetomidine (Dex)releves diabetic myocardialschemia/reperfusion-induced acute lung ijury. A-C) Representative hematoxylin
and eosin staining images (A), pathological injury score (B), and wet/dry weight (W/D) ratio (C) of lung tissue sections from rats treated with
Dex for four weeks (x200) (n=6). One-way analysis of variance was employed to verify statistical significance. *P<0.05, compared with the
‘non-diabetic sham (NS) group; #P<0.0, compared with the diabetic sham (DS) group; & P<0.05, compared with the diabetic + ischemia/
reperfusion (DIR) group. NIR=non-diabetic + ischemia/reperfusion.
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Fig. 1 - Timeline of the treatment of the studied rats. The figure shows the diabetes induction period, ischemia/reperfusion period, Dex
‘administration time points, animal sacrifice time points, and test indicators of each time point. ELISA=enzyme-finked immunosorbent
assay; HE=hematoxylin and eosin; IHC=immunohistochemistry; LVDP=left ventricular developed pressure; STZ=streptozocin; TIC=2, 3,
5-triphenyltetrazolium chloride; W/D=wet/cly weight.
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Table 1. Preoperative characteristics of the recipients of pediatric heart transplants performed at Hospital de Base and Hospital da

Crianga e Maternidade de 530 José do Rio Preto from 2010 to 2020 (N=10).

Recipients Frequency, mean (+SD) or median (IQR)
Male (%) 60
‘Age under one year (%) 30
Weight (ka) 163100
Blood group O (%) 70
Cardiomyopathies (%) 100
Time on the transplant list (days) 3558279
INTERMACS < 2 (6) 50
ISHLT-Heart Failure D (%) %0
Modified Ross Score > 10 (%) 50
LVEF Simpson (%) 16(12-24)
RVFAC <35 (6) 40
MPAP > 20 mmHg (%) 50
Received sidenafil (%) 20
Mechanically ventilated (%) 20
Required dialysis (%) 10
PRA > 20% (%) 40
CMV-positive IgG 60
EBV-positive IgG 80

CMV=cytomegalovirus; EBV=Epstein-Barr virus; FAC=fractional area change; lgG=immunoglobulin G; IQR=interquartile range;

ISHLT=

ternational Society for Heart and Lung Transplantation; LVEF=left ventricular ejection fraction (calculated using the Simpson

method); MPAP=mean pulmonary artery pressure; PRA=panel-reactive antibody; RV=right ventricular; SD=standard deviation
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Fig. 2 - Kaplan-Meier actuarial curve displaying death-free survival
rate (until 131 months of followup) following pediatric heart

transplants performed at Hospital de Base and Hospital da Crianga e
Maternidade de Séo José do Rio Preto from 2010 to 2020.
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Table 3. Intraoperative data of pediatric heart transplants performed at Hospital de Base and Hospital da Crianca e Maternidade de
Sao José do Rio Preto from 2010 to 2020 (N=10).

Intraoperative Frequency or mean (£5D)
Cold ischemic time (minutes) 1186+49.1

‘Warm ischemic time (minutes) 5704160

Total ischemic time (minutes) 17564369

CPB time (minutes) 10154165

TPM required (%) 20

VIS > 10 by the end of surgery (%) 70

CPB=cardiopulmonary bypass; SD=standard deviation; TPM=temporary pacemaker; VIS=vasoactive-inolropic score
“All recipients received isoproterenol (0,05 mcg/kg/min) since cardiopulmonary bypass weaning and have continued for at least 48
postoperative hours.
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Table 2. Characteristics of the donors of hearts ransplanted at Hospital de Base and Hospital da Crianga e Maternidade de Sao José

do Rio Preto from 2010 to 2020 (N=10).

Donors

Frequency, mean (+SD) or median (IQR)

Male (%) 60
Age (years) 89+68
Weight (kg) 3224157
Blood group O (%) 80
Death from primary neurological cause (%) %

Distance from the transplant site (k)

4025 (2765-491)

IQR=interquartile range; SD=standard deviation
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Fig. 1 - Number of pediatric heart transplants performed at Hospital
de Base and Hospital da Crianga e Materidade de Sao José do Rio
Preto from 20100 2020,
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3D-STI =Three-dimensional speckle-tracking imaging

A = Leftatrioventricular valve late diastolic blood flow peak
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CMD = Coronary microvascular dysfunction

CTA = Computed tomography angiography
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E Leftatrioventricular annulus diastolic early motion velocty.
ED  =End-diastolic
B =Endsystolic
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Table 2. Distribution of implanted prosthetic aortic valve sizes.

Variable Su-AVRgroup | c-AVRgroup
No 19 - 142)
No21 - 12(500)
Sorin Mitroflow bioprostheses No23 - 7002
No25 - 3025
No27 - 142)
Small - 19-21 mm 166 -
Sorin Perceval sutureless valve/ Medium - 21-23 mm 11693 -
annular diameter Large - 2325 mm 8086) -
Xlarge - 25-27 mm 8(286) -

Data were presented as numbers (%)

Table 3. Operative and postoperative outcomes.

Variable Su-AVR group AVR group Pvalue
Mortality 168 23 0186
Cardiopulmonary bypass time (min) 616+262 1063+327 0001
Cross-clamp time (min) 3094136 7342173 0001
Ventilation time (hours) 86+34 134£179 0216
Intensive care unit stay (days) 19413 24549 0598
Length of hospital stay (days) 76427 73126 0669
Platelet count 792+402 10274553 0083
Use of inotropic support 1346) 863 0413
Prolonged inotropic support (>24 hours) 3007 263 0382
New-onset atral fibrilation 3007 3030 0898
Re-exploration for bleeding 166 142) 0164
Permanent pacemaker implantation 200 -

Sepsis - 263

Transient ischemic attack 166 -

Reoperation - -

Continuous data were presented as mean-standard deviation and categoric data were presented as numbers (%). A P-value <0.05
was considered significant.
& AVR=conventional aortic valve replacement; Su-AVR=sutureless aortic valve replacement
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Table 4. Postoperative echocardiography results.

Echocardiography results Su-AVR group AR group Pvalue
Left ventricular ejection fraction (%) 565181 583463 0411
Maximum aortic gradient (mmHg) 257+104 2594138 0960
Mean aortic gradient (mmHg) 135458 145480 0634
Central aortic regurgitation 3007 142) 0224
1+ 200 142)
2 166 -
Paravalvular aortic regurgitation 3007 142) 0220
1+ 200 142)
2 166 -
Left ventricular end-diastolic diameter (mm) 471455 50455 0078
Left ventricular end-systolic diameter (mm) 324184 325161 0960
Interventricular septum (mm) 122417 127413 0295
Posterior wall (mm) 115415 121512 0162

Data were presented as meanzstandard deviation. A P-value <0.05 was considered signficant.
tureless aortic valve replacement

AVR=conventional aortic valve replacement; Su-AVR=:
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Table 1. Preoperative demographic data.

Variable Su-AVR group | c-AVR group Pvalue
Age (years) 73:68 729+43 094
Male sex 14(50) 1909 024
Body surface area (m?) 18502 19:02 020
. Class 2 18(643) 18050) 045
Class 3 10657 6050 03¢
EuroSCORE I 32116 32425 093
Obstructive lung disease 16(57) 1770 031
Hypertension 16(57) 12(50) 061
Diabetes melitus 705 908 034
Peripheral artery disease 601) 4a7) 047
Cerebrovascular event 404) 2@ 051
Coronary artery disease 705 10(42) 020
Chronic atrial fbiillation 3(107) 3025 052
Left ventricular ejection fraction (%) 568:0.1 606151 007
Maximum aortic gradient (mmHg) 824:119 941228 007
Mean aortic gradient (mmHg) 514210 584152 005
Echocardiography results
Left ventricular end-diastolic diameter (mm) 467269 491165 021
Interventricular septum (mm) 129:18 135521 023
Posterior wall (mm) 12513 127414 009

‘Continuous data were presented as mean-standard deviation and categoric data were presented os numbers (%) A Pvalue <005
was considered significant.
-AVR=conventional aortic valve replacement; Su-AVR=sutureless aortic valve replacement
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Table 1. Effects of kaempferol on HIC2 cell vitalty with IR
injury (%, x.+ 5.

Groups Cellvitality
Control group 100464
Rgroup 428445
IR+ 1 uM kaempferol group 63476
IR +5 uM kaempferol group 792:83%
IR=ischemia/reperfusion

Data were expressed as mean + standard error of the mean (n=6).
*P<0.05 compared with the control group.

£P<005 compared with the IR group.

“P<0.05 compared with the IR + 5 M kaempferol group.
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Abbreviations, acronyms & symbols

as Aortic valve stenosis
Aortic valve replacement
AR =Conventional aortic valve replacement
Cardiopulmonary bypass

SW-AVR = Sutureless aortic valve replacement
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Table 2. Co-treatment of SIRT3 siRNA and kaempferol on
HOC2 cellvitality with IR njury (%)

Groups Vitality
IRgroup 100+71
IR + IRNA group 956475
IR + kaempferol group 18722113
IR + SIRNA + kaempferol group 14254042

schemialreperfusion; SRNA=short interfering ribonucleic
acid; SIRT3=sirtuin-3

Data were expressed as mean + standard error of the mean (n=6).
#P<0.05 compared with IR + kaempferol group.
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Fig. 3 - Co-treatment of sirtuin-3 short interfering ribonucleic acid (SRNA) and kaempferol (Kae) on HOC2 cell axidative stress after ischemnia/
reperfusion (R). Data were expressed as mean + standard error o the mean (n=6).%P<0.0 compared with the IR group; P<0.05 compared with
the IR + SIRNA group; P<0.05 compared with the IR + Kae group; GSH=glutathione; NADPH=nicotinamide adenine dinucleotide phosphate;
ROS=reactive axygen species.
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Fig. 2 - Roles of kaempferol (Kae) on HIC2 cell sirtuin-3 (SIRT3) expression and apaptosis level after ischemia/reperfusion (I) injury. Data
were expressed as mean + standard error of the mean (n=6). °P<0.05 compared with the control group; *P<0.05 compared with the IR group;
“P<0.05 compared with the IR + 5 ;uM Kae group; Bax=Bcl2-associated X protein; Bcl2=B-cell lymphoma 2.
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Abbreviations, acronyms & symbols

Bax Bel2-associated X protein
Bcl2 cell lymphoma 2

CcKe = Cell counting kit

DMEM ulbecco's Modified Eagle's Medium
GSH lutathione

R ~Ischemia/reperfusion

Kae Kaempferol

eft ventricular efection fraction
eft ventricular fractional shortening

LVEF
LVFs

NADPH icotinamide adenine dinucleotide phosphate

ROS Reactive oxygen species

SDS-PAGE = Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis animation

SIRNA. Short interfering ribonudleic acid
SRT3  =Sirtuin3

5002 Superoxide dismutase

spss Statistical Package for the Social Sciences
usA inited states of America
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Fig. 4 - Cotreatment of sirtuin3
(SIRT3) short interfering. ribonuceic
acid (sRNA) and kaempferol (Kae) on
‘expression of SIRT3 and cell apoptosis-
related proteins. Data were expressed
as mean + standard eror of the
mean (n=6). P<0.05 compared with
the ischemia/reperfusion () group;
“P<0.05 compared with the IR + SiANA
group; P<0.05 compared with the IR
+ Kae group; Bax=Bcl2-associated X
protein; Bel2=B-cell lymphoma 2.
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Table 1. Baseline clinical characteristics of 35 cases of
reaperation.

Basic information n %

Male 2 714
Age (years) (avg+SD) 4094145 NA
NYHA Class IHV 5 143
Chronic lung disease 1 28
Scr> 20 mg/dl 0 0

Stroke 1 28
Hypertension 15 428
Diabetes 5 143
Coronary artery atherosclerosis 2 57
Marfan syndrome 18 514
Behcet's disease 1 28
Emergency operation 2 57

‘Avg=average; NYHA=New York Heart Association; Scr=serum
creatinine; SD=standard deviation
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Table 2. Indications and methods of the first aortic operation.

no| %
Indications for the first operation

Acute type A aortic dissection 17 [ 486
Aortic aneurysm 14 [ 40

Infective endocarditis 2 |57

Leakage after stent implantation 1|28

Aortic regurgitation 1|28

Methods of the first operation

Ascending aorta eplacement + Sun's procedure | 8 | 228
Ascending aorta + aortic valve replacement 1|28

Ascending aorta replacement 1|28

Ascending aorta + half arch replacement + CABG | 1| 28

Bentall procedure ENEA
Bentall + Sun's procedure 3 |8

Bentall + mitral valve replacement 1|28

Bentall + trifurcated graft placement 1|28

Bentall + CABG 2 |57

David procedure 1|28

Aortic valve replacement 3 |8

CABG=coronary artery bypass grafting
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Table 1. General clinical data.

Number of patients 206
Age (years) 403413
FemaleMale 13868 (=2)
PAPVC 41(19.9%)
NYHA heart failure class
[l 10 (4.9%)
] 147 (714%)
] 47228%)
v 209%)
Preoperative AF 32(155%
'ASD diameter (mm) 242:81
Preoperative TR grade (0-4) 241
TRsurgery 66 (32%)
Other associated operations:
CABG 6(=3%)
Treatment of pulmonary artery aneurysm 2(=1%)
Preoperative RVEDD (mm) 461577
Preoperative TAD (mm) 389451
Preoperative LVEF (mm) 574462
Preoperative PASP (mmHg) 443411
Preoperative Qp/Qs 255408
Postoperative RVEDD (mm) 39147
ARVEDD 76459
Postoperative TR grade (04) 085407
AR 12241
Complications 37 (18%)
Death 1(049%)
Hospital stay (days) 88433

ARVEDD=RVEDD variation; ATR=TR variation; AF=atrial fibrillation; ASD:

LVEF=left ventricular ejection faction; NYHA=

riol septal defect; CABG=coronary artery bypass grafting;
lew York Heart Association; PAPVC=partial anomalous pulmonary venous connection;

PASP=pulmonary artery systolic pressure; Qp/Qs=ratio between pulmonary and systemic output; RVEDD=right ventricular end-

diastolic diameter; TAD=tricuspid annulus diameter; TR

icuspid regurgitation
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Table 4. Nominal and percentage tricuspid regurgitation (TR) decrease after shunt closure, with and without tricuspid valve (TV)

surgery,in different classes of TR
Preoperative TR | TV surgery N Postoperative TR aTR %ATR
0<TR<2 No 59 065:047 048:045 43442%
TR=2 No 50 2 128406 072+06 36+288%
Yes 12 2 025:038 175404 875+18%
TR>2 No 18 2831024 1814048 103:04 367+14%
Yes 54 312:048 07107 242108 774:23%

9%ATR=percentage of TR decrease; ATR=TR variation
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Table 5. Comparison of subgroups defined by arial septal defect (ASD) device closure availability in our insttution.

2005-2015 2016-2019 (F:s"”';",;m

ASD device closure available in hospital No Yes

Number of patients 165 41

Cases/year 15243 103+18 <005
Age (years) 394122 4554145 P=0012
PAPVC 33 0% 8(195% NS
ASD diameter 232474 284502 <0005
Preoperative NYHA heart failure dlass > I 33 0% 10 043%) NS
Auialfibrillation 25 (15.2%) 707.1% NS
Preoperative TR grade 19109 24511 <001
Preoperative TAD 382449 417551 P<00005
Preoperative RVEDD 451471 501484 P=0001
Preoperative PASP. 4461108 4204115 NS
WVEF 581463 546546 P<00005
Qp/Qs 25407 278+09 NS
Preoperative TR > 2 51 (309%) 21(51.2%) P<005
Patients with TV surgery: n (%) 41048%) 25(61%) P<000001
Postoperative TR grade 087+074 0804060 NS
Associated surgery (CABG, PA aneurysm) 2 6 <005
Complicated cases: n (%) 27(164%) 10 044%) NS
In-hospital death [ 0 NS
Hospital stay (days) 8623 96457 NS

‘CABG=coronary artery bypass grafting; LVEF=left ventricular ejection fraction; NYHA=New York Heart Association; PA=pulmonary
artery; PAPVC=partial anomalous pulmonary venous connection; PASP=pulmnary artery systolic pressure; Qp/Qs=ratio between
pulmanary and systemic output; RVEDD=right ventricular end-diastolic diameter; TAD=tricuspid annulus diameter; TR=tricuspid
regurgitation; TV=tricuspid valve






OPS/images/a07img2.png
Table 2. Comparison of tricuspid regurgitation (TR) cass defined subgroups.

P-value
(N‘;:-:ifd) (M::;r:te) 3 J:;:m) (ANOVA, 3x2

Xtest)
Number (%) 72 (=35%) 62 (=30%) 72 (=35%)
Age (years) 357+126 395+11.7 4564124 P<0.00005
FemaleMale 5319 (=2.8) 3824 (=16) 4725 (=1.8) NS
PAPVC 13 (18.1%) 11(17.7%) 17 (236%) NS
NYHA heart failure class > lll 11 (153%) 10 (16.1%) 28 (38.9%) P<0.001
Preoperative AF 9(12.5%) 9(14.5%) 14 (194%) NS
ASD diameter (mm) 224468 254485 25486 P=007
Preoperative TR grade (0-4) 093048 2 305+045
TRsurgery 0 12 (16.7%) 54 (75%)
Preoperative RVEDD (mm) 428468 464577 492473 P<SE6
Preoperative TAD (mm) 36.1+48 387446 419+4.1 P=16E-11
Preoperative LVEF (mm) 597464 567459 557454 P<0.0005
Preoperative PASP (mmHg) 405+106 438+108 57.5+104 P<0.005
Preoperative Qp/Qs 24109 27406 26106 NS
Postoperative RVEDD (mm) 363455 395475 4+7 P<0.005
ARVEDD 69162 73459 85457 NS
Postoperative TR grade (0-4) 053+05 1.10+068 098081
ATR 048+045 092+068 206+095 <1.15E25
Complications 12 (16.7%) 10 (163%) 15 (20.8%) NS
Death 0 0 1(1.38%) NS
Hospital stay (days) 85435 01436 NS

'ARVEDD=RVEDD variation; ATR=TR variation; AF=atrial fibrillation; ANOVZ

nalysis of variance; ASD=atrial septal defect; LVEF=left

veniricular ejection fraction; NYHA=New York Heart Association; PAPVC=partial anomalous pulmenary venous connection;
tio between pulmonary and systemic output; RVEDD=right ventricular end-di-

PASP=pulmonary artery systolic pressure; Qp/Qs:
astolic diameter; TAD=tricuspid annulus diameter
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Table 3. Patients with tricuspid regurgitation (TR) > 2: shunt closure only group vs. additional tricuspid valve surgery group.

Shunt closure only Tricuspid valve surgery P-value
(n=68) (n=66) (¢-test, x’test)
"Age (years) 013115 4552129 o011
Sex (FemaleiMale) 142400 412500 NS
PAPVC 12076% 16 242%) NS
NYHA heartfaiure dlass = I 13019.1%) 25 G75%) 0016
f;;”“’“”e AF (activehis- 11062%) 120182%) NS
'ASD diameter (mm) 24258 26229 NS
Preoperative TR grade (04) 222504 292106 512
Preoperative RVEDD (mm) 456561 502563 P<00005
Preoperative TAD (mm) 373545 2247 TSE10
Preoperative LVEF (mm) 56756 556553 NS
Preoperative PASP (mmHig) 20:11 682104 NS
Preoperative Qp/Qs 26106 27307 NS
Postoperative RVEDD (mm) 38555 423183 P00t
2RVEDD 71558 88257 NS
Postoperative TR grade (04) 142:06 062:068 S7E1
R 08:055 231077 =
TR S6226% 79:23%
‘Complications 12076%) 13097%) NS
Death 0 115%) NS
Hospital say (Gays) 8725 92537 NS

%ATR=percentage of TR decrease; ARVEDD=RVEDD variation; ATR=TR variation; AF=atrial fibrillation; ASD=atrial septal defect;
LVEF=left ventricular ejection fraction; NYHA=New York Heart Association; PAPVC=partial anomalous pulmonary venous connec-
tion; PASP=pulmonary artery systolic pressure; Qp/Qs=ratio between pulmonary and systemic output; RVEDD=right ventricular
end-diastolic diameter; TAD=tricuspid annulus diameter
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Fig. 1 - Discloses the Kaplan-Meir survial curves during the median of 2,05 years of ollow-up
according to surgical treatments. CABG=coronary artery bypass grafting





OPS/images/a08img2.png
CS referred to CABG

Staged Synchronous Isolated
CEA+CABG CEA+CABG CABG

Fig. 2 - Enrollment and treatment assignment. CABG=coronary
artery bypass grafting; CEA=carotid endarterectomy; Cs=carotid
stenosis
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Abbreviations, Acronyms & Symbols

%ATR Percentage of TR decrease
ARVEDD  =RVEDD variation

AR varation

A Atrialfibrilation

ANOVA = Analysis of variance

ASD Atral septal defect

CAGB ronary artery bypass grafting
wWEF Leftventricular ejection fraction
NYHA New York Heart Association

A = pulmonary artery

PAPVC = Partial anomalous pulmonary venous connection
PASP  =Pulmonary artery systolic pressure

Qp/Qs = Ratio between pulmonary and systemic output
RV Right ventricular

RVEDD = Right ventricular end-diastolic diameter
ricuspid annulus diameter

ricuspid regurgitation
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Table 1. Patients demographic and baseline characteristics.

Staged CEA-CABG Synchronous CEA- Isolated CABG
(n=17) CABG (n=26) (n=36)

Age lyears) 682+7.03 662564 6654753 P=0247
Male gender, % (n) 706(12) 577015 611022 P=0688
Diabetes, % () 588(10) 461(12) 50(18) P=0715
PAD, % (n) 47.1(8) 692(18) 389(14) P=0059
Previous AF, % (n) 1760) 00 28(1) P=0040
Previous TIAVstroke, % 412 231 556 P=0038
Mean CPB time (min) 583 773 619 P=0272
Off-pump CABG, % 192 294 139 P=0404
EuroSCORE |, % 52426 82453 53427 P=0012
Ejection fraction 614117 587160 624£135 P=0549
CICr (ml/min) 673:257 6894231 669:232 P=0922
Preoperative diagnosis

STEMI, % (n) 59(1) 38() 0@ P=0389
NSTEMI, % (n) 59(1) 1544 i@ P=0630
Unstable angina, % (n) 1760) 23160 13905 P=0646
Stable angina, % (n) 647(11) 461012) 722 26) P=0110
Carotid artery disease

Unilateral CS > 70%,% (n) 35306) 50(13) 332012 P=0387
Bilateral CS > 70%, % (n) 35306 192(5) 22@) P=0455
Coronary artery disease

LMCA > 50%, % (n) 4120) 539(14) 444 (16) P=0665
Proximal LAD, % (n) 529(9) 577 (15) 778028) P=0116
3vessel disease, % (n) 824014 80801) 7507 P=0961

‘AF=atrialfbrillation; CABG=coronary artery bypass grafting; CEA=carotid endarterectomy; CICr=creatinine clearance;
CPB=cardiopulmoniary bypass; CS=carotid stenosis; EuroSCORE=European System for Cardiac Operative Risk Evaluation; LAD=left
anterior descending artery; LMCA=Left main coronary artery; NSTEMI=non-ST-elevation myocardial infarction; PAD=peripheral
artery disease; STEMI=ST-elevation myocardial infarction; TlA=transient ischemic attack
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Table 1. Case reports of tuberculous zortic aneurysm.

e
s avear e [ e | Folowup [ ATmontho e
Author &y S0 | Gader | complatons | ey | Svokatprocedure | (LD oue Comment
ey [ "
pre—y —
o periesmeswegt | eorsigion | oot epar g P
G | Womtonmene |, | esediembndon | ecbonen | DTSSR |, s 3| s | e
o r— = e o
e e
pnecsaahons ot i e —
Pt b | g e [ree—
o015 | sommrones | M oy | Pemamn | msensiester | 12 " | s | e
P s, | PSSR | e g e ey
e ST o e
S e
s, | T [— [r— i
Rl [t I e Y wo | oo | am [ no [ oo | e | poereome s
e ety
o i T g
[T ottt
[I—— s | oo | st Py
e [ eemte || e | DEE00E | | e | P R e
o [l s o e o
™ e e =
e e
rr—— ey e
B el I L o | e . s | e
s N | em | EIm [ e o i || s |
ot oy i e
T
[— e
[T [e— [tz ) Ol e
£ ooy | oM | csste | - an - R Rt (it
ghe ek low 3¢
ey
= p—— ) F— e B— T
e I -l e R P n) [ e s | TG | oy | X hmedy R
o i o oty
e — e
[y
[——
e | Wiwetgeoion | upy | o | waoaon | MRmetes [, : vz | e | Py
e £ e
oo [
Eereine e - S s
[ gl R el (RO I o | o | e | s | e
e o ke i)
e e iy
[Er—
e Cpengtremens
venronas, | ey |y | o o — . T
| o [ iy - Opensals w - o Rl sty
Tirate: e
e
[ S e
ERSREEN [t [V [P [PV [Ee— " v | sat | i epnes e
e ey
T
[— e [
s et pre— [y
gy ot | et | e | gt w oo nd - o | s
e g
D e
e e
[— Py
e, | DA Sometctgan s g Pr—
e | oo | | vprmnimmis, | Mooy | e u | e | s [ e
P s gy S s
ey
— T g o
B [r— = o | o s | P s
Ear Pt B B ) EE A i voom | o | saned | PR
v e iy
Rt ooy
sk e e s sl e
L~ R i " FEEE L | e | e |
presribd P v o prir e
B
iy
g
[——
ssima o | risme |y | s s w e I " won | s | b
iy e e oo
e e
e
[re— v i e Aty e
dmanoa | mhen | | | man o e - b | oo
P Smpmayts iy postiocgm e
<dinpiroray [ s
oz
[— oyl | et e o —
ke prc gl ey it
o g | g | g | it | st | mcoargsosasnton | o | smona o | i s
om0 S | 5| s | e | e | o™ - R Il ey
e i |t it s sty
e o | e e
o)

Ak, AA—bcrl o A sonea: sl AR-aor. 00 ATT—snRuberodcus sy BLC—bacls Camete-Coa CA—cornary s CAP-C 65 rota, DIA-Gescending a2, DV -ondoasclrSent gt et
1Ak artay, Wh-rna domnal o1 R & SA=f rena and spensc e oo, - eprtc PRl heumatks OA-rhtcomnon 1ac arey: rht Il o A-1ht fac iy, AIE-ampin, 500aa.
raanamde, and thamiutc - ray, Sch-s.bcaran ey SP—upercl ool . SPAA-Superil fmarl ey s, TA-thorak 20t TAA-hoacsbemind st WC-whie oo cls.





OPS/images/a08img4.png
Table 2 Clinical outcomes.

Staged CEA-CABG Synchronous CEA- Isolated CABG
(n=17) CABG (n=26)
Primary outcome 765% (13) 346% 9) 333%(12) P=0007
Death 353%6) 308% (8) 25% (9) P=0725
M 294% (5) 385% (1) 11.1% (@) P-0045
Stroke 204% (5) 77% Q2 83%03) P=0064
Postoperative AF 235%(4) 23.1%(6) 278% (10) P=0899

‘AF=atrialfbrilation; CABG=coronary artery bypass grafting; CEA—carotid endarterectomy; Mi=myocardial infarction.
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‘Abbreviations, acronyms & symbols

Al ibrillation
Coronary artery bypass grafting
Carotid endarterectomy

Creatinine dearance

= Cardiopulmonary bypass

Carotid stenosis
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Left main coronary artery
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Non-ST-clevation myocardialInfarction
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ST-elevation myocardial nfarction
ransient schemicattack
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LAD
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Table 1. Comparison of baseline data between the groups.

Control group CMD group g Pvalue
n 30 4
Age (years) 4943:976 474541234 0730 0468
Male, n (%) 15(50.00) 23(5476) 1290 0256
Body mass index (kg/m?) 22541315 23412184 1474 0145
Fasting blood glucose (mmol/) 5714153 5604108 0358 0722
Low-density lipoprotein (mmol/L) 272:069 2602047 0220 0827
Systolic pressure (mmHg) 12380019 1265541062 1144 0256
Diastolic pressure (mmHg) 6993£1062 68644690 0625 0534

‘CMD=coronary microvascular dysfunction
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‘Table 2. Comparison of parameters detected by colour Doppler echocardiography between the groups.

Control group CMD group t Pvalue
n 30 2
LVEDd (mm) 4496342 4586:2.19 1361 0178
LVESd (mm) 25824288 2606319 0328 0744
E/A 1411018 1374025 0748 0457
3 7.19:146 7244119 0160 0873
LVEF (%) 67374364 67.19:374 0204 0839

left atrioventricular valve
it ventricular end-diastolic

eft atrioventricular valve late diastolic blood flow peak; CMD=coronary microvascular dysfunction;
early diastolic blood flow peak; E=left atrioventricular annulus diastolic early motion velacity; LVEDG:
diameter; LVEF=left ventricular ejection fraction; LVESd=left ventricular end-systolic diameter
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Table 5. Univariate logistic regression analysis of the factors possibly associated with CMD.

Variable B SE Wald Df Pvalue OR 95%Cl
GLS 1262 0392 10363 1 0001 3534 (1638,7621)
GRS 0061 0058 1105 1 0293 1063 (0949, 1.190)
GCs 0370 0210 3110 1 0078 1447 (0960,2.182)
GAS 0862 0251 11.805 1 0001 2368 (1:448,3872)
Constant 56675 14030 16319 1 0000 4,00E424

B-regression coeffiient; Cl=confidence interval; CMD—coronary microvascular dysfunction; Di-degree of freedor; GAS=global area
strain; GCS=global circumferential strain; GLS=global longitudinal strin; GRS=global radial strin; OR=odds rato; SE=standard ertor
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Fig. 2 - Receiver operating characteistic (ROC) curve of global fongitudinl
stain (GLS) and global aea strain (GAS)markersfordiagnosis of patients with
‘coronary microvascular dysfunction.
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Table 3. Comparison of left ventricular strain parameters between the groups.

Control group CMD group t P-value
n 30 42
GLS 3 20094154 -1763+150 6756 0000
GRS (36) 44351857 44774597 0247 0806
GCs (%6 23384273 22464163 1776 0080
GAS (%) 3278206 20681160 -1786 0000

‘CMD=coronary microvascular dysfunction; GAS=global area strain; GCS=global circumferential srain; GLS=global longitudinal

strain; GRS=global radial strain
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Table 4. Comparison of conventional echocardiography parameters and left ventricular strain parameters between male and
female subjects in the groups;

Control group CMD group
Parameter t Pvalue t Pvalue
Male Female Male Female

n 15 15 3 19

WVEDd (mm) | 4588+282 | 44041380 | 1512 0142 | 4582+185 | 45912250 | 0122 0904
WESA (mm) | 2634:301 | 25204274 | 1005 0324 | 2560:296 | 2662:344 | 1033 0308
EA 1356019 | 1471015 | 1908 | 0067 | 142021 | 1311028 1482 0146
e 6954105 | 743+178 | 0808 | 0377 | 7234125 | 7254106 | -0059 0953

LVEF (56) 6667:451 | 6807246 | 1054 | 0301 | 6661:381 | 6789363 | LI 0273

GLS %) 2014163 | 2004:151 | 0167 | 0868 | -1783+112 | -1740:188 | 0924 0361

GRS (%) 45184775 | 43511952 | 0530 0600 | 4446+623 | 45141579 | 0359 0721

GC5 %) 23724305 | 2303243 | 0680 | 049% | 2262:174 | 2226+150 | 0717 0478
GAS (%) 3277:201 | -3278:217 | 0020 0984 | 29384172 | 3004+141 | 1348 0185

‘A=left atrioventricular valve late diastolic blood flow peak; CMD—coronary microvascular dysfunction; E-left atrioventricular valve,
early diastolic blood flow peak; E=left atrioventricular annulus diastolic early motion veloxity; GAS=global area strain; GCS=global
circumferential srain; GLS=global longitudinal strain; GRS=global radial strain; LVEF=left ventricular ejection fraction; LVEDd=left
ventricular end-diastolic diameter; LVESd=left ventricular end-systolic diameter






