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RBCCV no PubMed Central

 

 

Domingo M. Braile

*Editor-Chefe - RBCCV/BJCVS

 

 

Após uma espera de quase 2 anos, no dia 10 de julho recebi um e-mail do PubMed Central (PMC) informando que a Revista Brasileira de Cirurgia Cardiovascular/Brazilian Journal of Cardiovascular Surgery (RBCCV/BJCVS) tinha sido aprovada na primeira fase do processo de indexação nessa importante base de dados. Estamos agora na segunda etapa, que consiste na análise e controle de qualidade dos dados da nossa revista.

Para isso, a GN1, nossa parceira desde 2005, fez, juntamente com nosso Corpo Editorial, a adaptação de três edições (28.4, 29.1 e 29.2) para o padrão exigido pelo PMC, que consiste em marcação dos arquivos na linguagem XML e imagens com alto padrão de resolução, entre outras exigências. Os arquivos foram enviados para avaliação no início de setembro.

Essa fase do processo não deve ser tão longa como a primeira; assim, temos a expectativa de que, em breve, possamos dar mais uma boa notícia para nossos leitores. Quero aproveitar o momento para reforçar as palavras do Editorial do volume 27.4[1]. O PMC é um repositório on-line, com acesso livre, de publicações na área da saúde. Entretanto, é bastante exigente quanto ao padrão das publicações indexadas. Portanto, peço a autores que sigam as Normas da Revista (http://www.rbccv.org.br/page/6), especialmente no que diz respeito à qualidade das imagens (Tabela 1). Assim, poderemos agilizar o processo de submissão e disponibilização "Ahead of Print" dos manuscritos aprovados, com benefícios para todos.
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Fator de Impacto

A Thomson Reuters divulgou, no final de julho, o Fator de Impacto (FI) relativo a 2013. Infelizmente, a RBCCV/BJCVS teve uma queda, passando de 0,809 para 0,632. Evidentemente, essa redução me deixou chateado, mas há um aspecto que ajuda a explicar essa queda: temos procurado reduzir a autocitação, que é um item que a Thomson Reuters foca bastante e que pode, inclusive, levar um periódico a ser excluído, caso abuse desse artifício. Claro que é importante que nossos artigos sejam citados por autores brasileiros, mas precisamos procurar produzir material de qualidade científica cada vez mais apurada, a fim de que autores internacionais também nos citem ao publicarem seus trabalhos em outras revistas indexadas.

Volto a enfatizar o meu ponto de vista de que, apesar de importante, o FI não pode ser considerado, especialmente pela Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (Capes) e outros órgãos de fomento, como o único parâmetro para suas avaliações. Vários editores, ao redor do mundo, têm opinião semelhante e realizam movimentos para mudar essa situação, como, por exemplo, a San Francisco Declaration on Research Assessment (DORA), que apontou as deficiências do FI como ferramenta de avaliação de pesquisa. Essas limitações incluem: a) a distribuição da citação dentro de revistas é altamente enviesada; B) inclui diversos tipos de artigos, como os de pesquisa primária e revisão; C) o FI de um periódico pode ser manipulado pela política editorial; e D) dados utilizados para calcular o FI não são transparentes nem disponíveis para o público[2].

O boletim "SciELO em Perspectiva" publicou em agosto um artigo do Prof. Ernesto Spinack, intitulado "O que podem nos fornecer as 'métricas alternativas' ou altimetrias, no qual aborda o papel dessas novas formas de avaliar a influência dos trabalhos científicos, além das tradicionais formas de medir as citações. 

Spinack analisou quatro artigos do periódico espanhol "El Profesional de la Información" que abordaram o tema, demonstrando que há várias "classes" de impactos, além dos bibliométricos, pois a ciência tem repercussões em vários campos da sociedade. Também foi analisada a falta de estudos quantitativos do uso das mídias sociais, desde as mais restritas à área científica, como RaseacheGate e Mendeley, além das mais conhecidas, como Facebook e Twitter.

Spinack conclui que altimetria ainda está em fase experimental, tendo que resolver problemas de padronização e cobertura e lembra que a bibliometria e cienciometria clássica levou cerca de 20 anos de discussões teóricas por eminentes especialistas para chegar a uma base de consenso de ferramentas e interpretações. Mas que o mais famoso indicador, o FI, ainda é cercado de suspeitas e resistências[3].

Entendo ser importante também o uso para essas avaliações dos acessos aos sites da revistas, mesmo que, eventualmente, não se reflitam em citações. Se uma revista é muito acessada, mostra a sua importância dentro do cenário científico e dentro da sua especialidade. É o caso da RBCCV/BJCVS, que somados seu sites (www.rbccv.org.br, www.bjcvs.org e www.scielo.br/rbccv) teve mais de 1,9 milhões de visitantes em 2013. 

Por isso, apesar de o nosso FI ter se reduzido, o número de acessos revela a nossa grande abrangência, refletindo-se em submissões de manuscritos de várias partes do mundo. Apenas nesta edição, estamos publicando artigos da Alemanha, China, Portugal, Turquia e Venezuela. E a tendência é que esse número possa crescer ainda mais, visto que nosso site, ao ser acessado, já aparece na versão em inglês, o que é uma forma de atrair mais leitores e artigos! 

Enfatizo também que a RBCCV/BJCVS está disponível como APP (aplicativo), tanto no sistema iOS (iPhone, iPAD) como no sistema Android (Samsung, Motorola, Sony, entre outros). Para fazer o download do aplicativo, basta entrar no APP Store, no iOS, ou Google Play, no Android. Estamos fazendo aperfeiçoamentos no sistema para torná-lo mais ágil e fácil para ser utilizado.

EMC

Os seguintes artigos estão disponíveis para os testes de Educação Médica Continuada (EMC) nesta edição: "Acute kidney injury based on KDIGO (Kidney Disease Improving Global Outcomes) criteria in patients with elevated baseline serum creatinine undergoing cardiac surgery" (pág. 299), "Late outcome analysis of the Braile Biomédica® pericardial valve in the aortic position" (pág. 316), "Evaluation of peripheral muscle strength of patients undergoing elective cardiac surgery: a longitudinal study" (pág. 355) e "Does Homeostasis Model Assessment Insulin Resistance have a predictive value for post-coronary artery bypass grafting surgery outcomes?" (pág. 360). Ressalto a importância do EMC para a atualização dos conhecimentos e que a RBCCV/BJCVS está aberta a críticas e sugestões para aperfeiçoar este sistema.

Finalizando, agradeço o apoio da Sociedade Brasileira de Cirurgia Cardiovascular (SBCCV) e aos nossos anunciantes, sem os quais não teria sido possível a nossa revista alcançar o atual patamar de qualidade.

Recebam meu abraço.
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  ABSTRACT

  INTRODUCTION: Preoperatively elevated serum creatinine (SCr) is considered an independent risk factor for morbidity and mortality after cardiac surgery. The aim of this study was to apply the Kidney Disease Improving Global Outcomes classification for acute kidney injury in a population of patients with preoperatively elevated serum creatinine who underwent cardiac surgery (coronary artery bypass grafting or cardiac valve surgery) and to evaluate the acute worsening of renal function as a predictor of 30-day mortality.

  METHODS: This was a single-center retrospective study that included patients from the Postoperative Cardiac Surgery Intensive Care Unit of the Hospital de Base, São José do Rio Preto Medical School. Demographics, type of surgery, laboratory data and pre, peri and postoperative data were obtained from a prospectively collected database. From January 2003 to June 2013, 2,878 patients underwent cardiac surgery, either coronary artery bypass grafting or cardiac valve surgery, at the Hospital de Base of São José do Rio Preto Medical School. Out of those, 918 showed elevated preoperative serum creatinine, with SCr > 1.30 mg/dL for men and > 1.00 mg/dL for women. Five hundred and forty nine patients (60%) undergoing coronary artery bypass grafting and 369 patients (40%) undergoing cardiac valve surgery. A Multivariate Cox Proportional Hazard Model (stepwise) was used to assess the relationship between AKI and mortality at 30 days.

  RESULTS: Out of the 918 patients studied, 391 (43%) had postoperative AKI: 318 (35%) had Kidney Disease Improving Global Outcomes stage 1, 27 (2.9%) had Kidney Disease Improving Global Outcomes stage 2, and 46 (5.0%) had Kidney Disease Improving Global Outcomes stage 3. Patients in every stage of acute kidney injury showed progressive increase in EuroSCORE values, 30-day mortality ratescardiopulmonary bypass duration, and intensive care length of stay. Among patients classified as Kidney Disease Improving Global Outcomes stage 3, 76% required dialysis with a 30-day mortality of 66%. The Cox proportional hazards model showed that the hazard ratio for 30-day mortality was 4.8 for Kidney Disease Improving Global Outcomes stage 1 patients, 13.5 for Kidney Disease Improving Global Outcomes stage 2 patients, and 20.8 for Kidney Disease Improving Global Outcomes stage 3 patients (P<0.001 for all). Subgroup analyses (coronary artery bypass grafting and cardiac valve surgery) had similar results.

  CONCLUSION: In this population, acute kidney injury based on the Kidney Disease Improving Global Outcomes criteria was a powerful predictor of 30-day mortality in patients with elevated preoperative serum creatinine who underwent cardiac surgery (coronary artery bypass grafting or cardiac valve surgery).

  Descriptors: Acute Kidney Injury. Creatinine. Cardiovascular Surgical Procedures. Hospital Mortality.

  

   

  
  RESUMO

  INTRODUÇÃO: Creatinina sérica (CSr) elevada no período pré-operatório é considerada um fator de risco independente para morbidade e mortalidade em cirurgia cardíaca. Avaliar o impacto da lesão renal aguda pelos critérios Kidney Disease Improving Global Outcomes como preditor de mortalidade em 30 dias em pacientes submetidos à revascularização miocárdica ou cirurgia valvar com creatinina sérica pré-operatória elevada.

  MÉTODOS: Este foi um estudo retrospectivo de centro único que incluiu pacientes da Unidade de Cuidados Intensivos em Pós-operatório de Cirurgia Cardíaca do Hospital de Base, Faculdade de Medicina de São José do Rio Preto. Dados demográficos, tipos de cirurgia, dados laboratoriais e informações pré, peri e pós-operatórias foram obtidos a partir de uma coleta prospectiva de banco de dados. Foram considerados 2878 pacientes consecutivamente submetidos à revascularização miocárdica ou cirurgia valvar no período de janeiro de 2003 a junho de 2013. Destes, 918 indivíduos apresentavam creatinina sérica alterada no pré-operatório (CrS > 1.30 mg/dL para homens e > 1.00 mg/dL para mulheres), compreendendo 549 pacientes (60%) submetidos à revascularização miocárdica e 369 pacientes (40%) submetidos à cirurgia valvar. O modelo de riscos proporcionais de Cox foi utilizado para avaliar a relação entre lesão renal aguda e mortalidade em 30 dias.

  RESULTADOS: Nesta casuística, 391 pacientes (43%) apresentaram lesão renal aguda no pós-operatório, sendo 318 (35%) Kidney Disease Improving Global Outcomes estágio 1, 27 (2,9%) Kidney Disease Improving Global Outcomes estágio 2 e 46 (5,0%) Kidney Disease Improving Global Outcomes estágio 3. EuroSCORE, mortalidade em 30 dias, tempo de circulação extracorpórea e permanência em ambiente de terapia intensiva aumentaram progressivamente em todos os estágios. Dentre os pacientes classificados como Kidney Disease Improving Global Outcomes 3, 76% necessitaram diálise com mortalidade em 30 dias de 66%. A análise de Cox evidenciou razão de risco para óbito em 30 dias de 4,8 para pacientes Kidney Disease Improving Global Outcomes estágio 1, 13,5 para pacientes Kidney Disease Improving Global Outcomes estágio 2 e 20,8 para pacientes com Kidney Disease Improving Global Outcomes estágio 3 (P<0,001 para todos). Análise dos subgrupos (revascularização miocárdica e cirurgia valvar) obteve resultados semelhantes.

  CONCLUSÃO: Lesão renal aguda pelos critérios Kidney Disease Improving Global Outcomes destaca-se como excelente preditor de óbito em 30 dias em indivíduos submetidos à revascularização miocárdica ou cirurgia valvar que apresentam creatinina sérica pré-operatória alterada.

  Descritores: Lesão Renal Aguda. Creatinina. Procedimentos Cirúrgicos Cardiovasculares. Mortalidade Hospitalar.

  

   

   

  INTRODUCTION

  As the population ages, more patients with renal dysfunction are being referred for cardiac surgery[1]. Elevated serum creatinine (SCr) preoperatively is considered an independent risk factor for morbidity and mortality after cardiac surgery[2,3], with the overall risk of death for patients with creatinine > 1.5 mg/dL ranging from 5% to 30%. Postoperatively, small changes in SCr, however small they may be, are also associated with a significant reduction in survival[4,5]. Elevated SCr may be associated with increased morbidity and mortality even when its change does not meet the criteria for acute kidney injury (AKI)[6].

  Several consensus definitions have been developed to provide uniform criteria for AKI diagnosis. In 2004, the "Acute Dialysis Quality Initiative (ADQI)" group proposed consensus guidelines and evidence-based treatment and prevention of AKI, which were later called the RIFLE criteria (Risk, Injury, Failure, Loss and End-stage Kidney Disease)[7]. The modification of these criteria was subsequently proposed by the "Acute Kidney Injury Network" (AKIN, which included the ADQI group)[8-10]. More recently, the AKI study group "Kidney Disease: Improving Global Outcomes (KDIGO)" proposed a modified definition, combining the differences between the RIFLE and AKIN definitions[11] (Table 1).
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  The aim of this study was to apply the criteria for AKI based on the KDIGO classification in a population of patients with preoperative SCr above normal limits after cardiac surgery [coronary artery bypass grafting (CABG) or cardiac valve surgery (CVS)] and to evaluate acute worsening of renal function as a predictor of risk of 30-day mortality.

   

  METHODS

  Patient selection

  This was a single-center study. We carried out a retrospective evaluation in patients from the Cardiac Surgery Intensive Care Unit at a Brazilian Medical School Center. Demographics, type of surgery, laboratory data and information of pre, peri and postoperative periods were obtained from a prospectively collected database of 2,878 patients who were older than 18 years and had undergone isolated CABG (1,786) or CVS (1,092) from January 2003 to June 2013. We excluded 51 patients with incomplete data, 23 dialysis patients and 1,886 patients with preoperative SCr within normal limits (Men - SCr < 1.30 mg/dL / Women - SCr < 1.00 mg/dL). After applying the exclusion criteria, 918 patients were analyzed [549 (60%) underwent CABG and 369 (40%) underwent CVS] (Figure 1).

  
  

  [image: Fig. 1 - Study flow chart]

  

  This study was approved by the local Research Ethics (CAAE: 5974/2008). Because of its observational nature, informed consent was waived. This research fully adheres to Resolution 466/2012 of the National Health Council (CNS).

  Serum Creatinine Measurement

  The Jaffe colorimetric method (ADVIATM 1650, Bayer, Germany) was used to measure SCr concentration. The reference value for adults is 0.6 to 1.3 mg/dL for men and 0.6 to 1.0 mg/dL for women. 

  Stages of AKI based on KDIGO Classification[11]

  Stage 1: Increase in SCr > 0.3 mg/dL (in 48 hours) or 1.5 to 1.9 multiplied by baseline (in 7 days);

  Stage 2: 2.0 to 2.9 multiplied by baseline SCr;

  Stage 3: 3.0 or more multiplied by baseline; increase in SCr > 4.0 mg/dL; or beginning of renal replacement therapy regardless of a previous KDIGO stage.

  Data Analysis

  The criteria for AKI were applied in 918 patients in the first seven postoperative days. Due to lack of data on urinary output, only SCr was used to determine the categories of AKI. According to the changes in SCr, the patients were classified as no AKI (KDIGO 0) and AKI stages 1, 2 or 3, based on the KDIGO criteria. Glomerular filtration rate (eGFR) was estimated by the Cockcroft-Gault[12] equation. The risk of postoperative death was assessed by EuroSCORE[13,14], in the absence of a specific tool for our population.

  Statistical Analysis

  Variables are presented as absolute numbers and percentages or median and interquartile ranges (25th and 75th percentile) when applicable. Continuous variables were compared using the nonparametric Mann-Whitney or Kruskal-Wallis tests, and the chi-square or Fisher's exact test was used to compare categorical variables. 

  Univariate and multivariate Cox proportional hazards models (stepwise) were used to determine the association between AKI and 30-day mortality. The model was adjusted for age (years), gender (reference - female gender), type of surgery (reference - CVS), body mass index (kg/m2), diabetes mellitus (reference - non-diabetic), left ventricular function (reference - preserved left ventricular ejection fraction), cardiopulmonary bypass (CPB) times (min) and AKI (reference - KDIGO 0). The adjusted Hazard Ratio (HR) and 95% confidence intervals (95% CI) were calculated for the predictors. Cumulative survival graphics were built to demonstrate the AKI impact as a predictor of 30-day mortality. P values<0.05 were considered statistically significant (two-tailed). The data were analyzed using the IBM SPSS Statistical Package v.20 (IBM Corporation, Armonk, NY).

   

  RESULTS

  Baseline characteristics of the patients are shown in Table 2. Median age was 61 years and 52% of the patients were male. Twenty-seven percent of the patients had preoperative eGFR above 60 mL/min. SCr measured in the immediate postoperative period was slightly lower than the preoperative SCr suggesting hemodilution during surgery (Table 3).
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  Of the 918 patients studied, 391 (43%) developed AKI: 318 (35%) stage 1, 27 (2.9%) stage 2 and 46 (5.0%) stage 3 (Table 3). Fewer patients in stage 2 may be because the indication for dialysis automatically classifies the patient in stage 3. Any degree of AKI was associated with a significant increase in overall mortality at 30 days compared with patients with no AKI (Table 4). In univariate analysis, the hazard ratio for death at 30 days was 5.4 for patients with KDIGO stage 1, 16.8 for patients with KDIGO stage 2 and 27.2 for patients with KDIGO stage 3 (P<0.001 for all).
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  Patients with AKI had higher EuroSCORE scores, but there was no difference in the percentage of patients at low, intermediate and high risk among the groups (Table 5). The 30-day mortality rate increased progressively in all KDIGO stages (Table 4). Time on CPB and intensive care length of stay also increased (Table 5). The proportion of patients who required mechanical ventilation for more than 24 hours after surgery increased from 6.3% for patients with KDIGO 0 to 67% among those with KDIGO 3 (Table 5). Of the patients with KDIGO 3, 76% required dialysis with a 30-day mortality rate of 66%. However, patients treated with dialysis were more severely ill, as demonstrated by the EuroSCORE calculated preoperatively [4 (2-6) vs. 8 (5-10)], P<0.001.
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  Cox regression analysis

  In a multivariate analysis, age (years), CPB time (minutes) and AKI (KDIGO 1-3) were independent predictors of 30-day mortality, with KDIGO stage 3 being the strongest predictor. Male gender had a reduced risk of death at 30 days (Table 6, Figure 2). Subgroup analysis (CABG and CVS) demonstrated similar results, except for reduced risk of death among male patients who underwent CABG (data not shown).
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  DISCUSSION

  In our study, AKI after CABG or CVS was found to be common and associated with high rates of prolonged intensive care length of stay, morbidity and mortality. This study also demonstrated the importance of KDIGO AKI criteria as a powerful predictor of 30-day mortality in patients with preoperative SCr above normal limits. We found a higher risk of death in those with poor renal function as well as those who required dialysis; however, even slight increases in SCr postoperatively (KDIGO stage 1) were associated with a significant increase in mortality.

  The reasons why small changes in SCr correlated with increased hospital mortality are not entirely clear. Possible explanations include the adverse effects of decreased renal function, such as volume overload, anemia, uremia, acidosis, electrolyte disturbances, and increased risk of infections[11,15]. Visual analysis of the survival curves graph of our study showed a continuous decrease of survival in patients who developed AKI, with a higher risk of death within the first week postoperatively (Figure 2).

  Preoperative renal dysfunction is known as a postoperative risk predictor; however, in tools such as EuroSCORE[13,14], InsCor[16], and Parsonnet[17], preoperative renal dysfunction is considered a risk factor only in cases of advanced kidney disease (SCr>2.00 or 2.26 mg/dL) or in patients on dialysis. In its update published in 2012, called EuroSCORE II[3], assessment of renal function was included by calculating the eGFR, with values below 85 mL/min being a risk factor.

  Estimates of preoperative renal function based on eGFR show that over 75% of patients undergoing CABG have an eGFR below 90 mL/min[18], highlighting the importance and high prevalence of renal dysfunction in patients undergoing heart surgery. Furthermore, these patients are older and have more comorbidities, such as cerebrovascular disease, peripheral artery disease, chronic obstructive pulmonary disease and diabetes mellitus[18].

  Several studies have shown that slight changes in renal function have a significant impact on short and long term outcomes in patients undergoing cardiac surgery[5,19-23]. Other studies suggest that intraoperative factors such as CPB times are important contributors to postoperative renal dysfunction[24-26], as observed in our study (OR 1.01 - 95% CI 1.01 to 1.02, P value<0.001 - data not shown), but others have not demonstrated this direct relationship[27,28]. The use of off-pump CABG was also tested in preoperative renal dysfunction with contradictory results[18,29,30]. 

  Many publications have reported preoperative renal dysfunction as a risk predictor for morbidity and postoperative mortality. Kumar et al.[31] identified class III obesity (BMI > 40 kg/m2) as an independent predictor of AKI after on-pump CABG, and Brown et al.[32] found high rates of readmission within 30 days after cardiac surgery in patients who developed AKI. Zakeri et al.[22] evaluated patients with mild to moderate impaired renal function (SCr < 2.26 mg/dL) who underwent CABG. Operative mortality was higher in this group of patients as well as the need for dialysis and occurrence of stroke postoperatively. Both the measurement of SCr as well as eGFR (< 60 mL/min) were independent predictors of hospital mortality and in a 3-year follow-up. Cooper et al.[33] evaluated more than 483,000 patients using the American Society of Thoracic Surgeons database. Seventy-eight percent of patients had some degree of preoperative (CrCl < 90 mL/min) renal dysfunction. Mortality was inversely proportional to the renal function. In an adjusted model, the eGFR was one of the strongest predictors of morbidity and hospital mortality.

  Study limitations

  Our study has several limitations. First, these data originated from a single center. Although data were collected prospectively, the analysis was performed retrospectively. There was no determination of cause of death, which did not allow us to differentiate between cardiovascular death and death from all causes. Several known and unknown confounding variables could theoretically have influenced the observed mortality rates. Despite the use of multivariate models for control and adjustment of some of these variables, the possibility of the presence of other unknown confounders cannot be ruled out.

   

  CONCLUSION

  The development of AKI, based on KDIGO criteria, correlated with increased morbidity and was a robust predictor of 30-day mortality in patients with preoperative baseline SCr above normal limits undergoing coronary artery bypass grafting or cardiac valve surgery.
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ABSTRACT

INTRODUCTION: Cardiac surgeons stress may impair their quality of life and professional practice.

OBJECTIVE: To assess perceived chronic stress and coping strategies among cardiac surgeons.

METHODS: Twenty-two cardiac surgeons answered two self-assessment questionnaires, the Trier Inventory for Chronic Stress and the German SGV for coping strategies.

RESULTS: Participants mean age was 40±14.1 years and 13 were male; eight were senior physicians and 14 were residents. Mean values for the Trier Inventory for Chronic Stress were within the normal range. Unexperienced physicians had significantly higher levels of dissatisfaction at work, lack of social recognition, and isolation (P<0.05). Coping strategies such as play down, distraction from situation, and substitutional satisfaction were also significantly more frequent among unexperienced surgeons. "Negative" stress-coping strategies occur more often in experienced than in younger colleagues (P=0.029). Female surgeons felt more exposed to overwork (P=0.04) and social stress (P=0.03).

CONCLUSION: Cardiac surgeons show a tendency to high perception of chronic stress phenomena and vulnerability for negative coping strategies.

Descriptors: Stress, Psychological. Cardiac Surgical Procedures. Case Studies.



 


RESUMO

INTRODUÇÃO: O estresse em cirurgiões cardíacos pode prejudicar sua qualidade de vida e prática profissional.

OBJETIVO: Avaliar a percepção de estresse crônico e as estratégias de enfrentamento entre os cirurgiões cardíacos.

MÉTODOS: Vinte e dois cirurgiões cardíacos responderam a dois questionários de autoavaliação, o Inventário de Trier sobre estresse crônico (Trier Inventory for Chronic Stress - TICS) e o German SVF sobre estratégias de enfrentamento do estresse.

RESULTADOS: Os participantes tinham idade média de 40±14,1 anos; sendo 13 do sexo masculino. Oito participantes eram médicos seniores e 14 eram residentes. Os valores médios do Inventário de Trier sobre Estresse Crônico estavam dentro da faixa normal. Médicos inexperientes tinham níveis significativamente mais elevados de insatisfação no trabalho, isolamento e falta de reconhecimento social (P<0,05). As estratégias de enfrentamento, como minimização, distração da situação e satisfação substituta, também foram significativamente mais frequentes entre os cirurgiões inexperientes. Estratégias "negativas" de enfrentamento do estresse ocorrem mais frequentemente em cirurgiões experientes do que em colegas mais jovens (P=0,029). As cirurgiãs sentem-se mais expostas ao excesso de trabalho (P=0,04) e estresse social (P=0,03).

CONCLUSÃO: Cirurgiões cardíacos mostram tendência para alta percepção de fenômenos de estresse crônico e vulnerabilidade para estratégias de enfrentamento negativas.

Descritores: Estresse Psicológico. Procedimentos Cirúrgicos Cardíacos. Estudos de Casos.



 

 

INTRODUCTION

In recent years the constantly changing working conditions in hospitals, mainly determined by rising numbers of patient numbers and shorter stays[1], have increased psychosocial stress and its consequences among hospital doctors[2]. In particular, surgeons appear to suffer high levels of stress, as described by many authors[3-5]. This is specially true for a post in cardiac surgery usually characterized by overtime, sleep deprivation, delays in payment, limited control and loss of autonomy, feelings of isolation, and lack of time for research activities, all of which may place physicians at particular risk of having to cope with an imbalance between their personal and professional life. Serious manifestations of chronic stress among surgeons include depression, anxiety, divorce or broken relationships, mistakes at work and thoughts about giving up their profession as well as symptoms of burnout, such as emotional exhaustion, depersonalization, and low personal accomplishment[6].

In the last 20 years, the inconsistent and fragile coherence between acute stress and measurable variables of health and illness paved the way for the development of research i on the topic of chronic occupational stress. Nevertheless, as of 2003 there were no methods in the German language to evaluate chronic stress comprehensively and validly. The Trier Inventory for Chronic Stress (TICS) represents a standardized instrument to measure chronic stress. It consists of a self-assessment questionnaire validating different kinds of chronic stress, and it measures primarily experiences of specific sources of work load[7]. On the other hand, the German multidimensional stress-coping inventory (SVF) measures the trait aspects of coping with everyday stress[8,9]. A detailed description of both assessment tools is given in the method-section.

Given the fact, that there is a lack of evidence-based data analyzing stress-experience and coping strategies specifically in the cardiac surgeon population, the present series set out to assess, for the first time, stress-factors, satisfaction at work, and emotional burden in this particular group of physicians. The aims of this single-center pilot-study were to compare chronic stress experience and coping strategies among cardiac surgeons with those of an age-matched representative sample and to analyze the impact of different factors such as gender and position (head of department, senior physician, resident) on stress experience and coping.

 

METHODS

Study Sample

The study population consisted of 22 cardiac surgeons, from a single center, with different positions and experience. Due to the small size of the group, the survey should be treated as a pilot study. All participants signed informed consent forms and, in accordance with German law, approval from a medical ethics review board was not required. All surgeons worked on a regular basis, 5 days and 40 hours per week, excluding "on call" services.

Measures

Psychosocial stress at work was assessed by two anonymous well-established and standardized written questionnaires used to measure perceived chronic stress, TICS and coping strategies (German SVF).

The TICS standardized questionnaire consists of 57 Items and 10 scales for a differentiated diagnosis of various facets of perceived chronic stress. Participants had to report the frequency of specific stress situations experienced within the last 3 months. 

The 10 scales include: overwork, social trashing, pressure to succeed, lack of work satisfaction, excessive demands at work, lack of social recognition, social stress, social isolation, chronic worrying, and total value of chronicle stress. 

Overwork, social stress, and pressure to succeed are related to stress resulting from high demand at work whereas lack of work satisfaction, excessive demand at work, lack of social recognition, social trashing, and social isolation detect stress-phenomena arising from a lack of satisfaction of one's needs. Furthermore, TICS contains a scale for chronic worrying as well as a 12-Item-screening-scale, providing the full extent of perceived stress. The assessment achieves good profile reliability[7] and all scales fit the ordinal Rasch-model. 

Validated instruments were used to make measurements in accordance with the demand-control and effort-reward imbalance models. Internal consistency ranged between 0.84 and 0.91 (Cronbach's Alpha) and split-half reliability between 0.78 and 0.89 (m: 0.83, Rasch). Reliability of all scales was sufficiently high (Cronbach's Alpha between 0.84 and 0.91; m: 0.87). For each item, the frequency of experience in the last 3 months had to be indicated on a 5-point rating scale, ranging from "never" to "very often".

The German SVF questionnaire was used to assess coping. It comprises 19 scales for different types of reactions to an unspecified range of situations that impair, adversely affect, irritate or disturb the emotional equilibrium or balance of the subject. Each scale consists of six items that are answered using a 5-point scale, according to the probability of that reaction. The coping mechanism scales of the SVF are depicted in Table 1. Items are rated on a scale of 1 to 5: never, hardly, potentially, probably, most likely. Total negative and positive coping strategies are measured after summarizing the values of scales 1-10 or 13 to 18, according to the test-developers` instructions. The reliability of all scales was sufficiently high (median Cronbach's Alpha was 0.8 for test-retest reliability by the authors). Validity has been tested by intercorrelations between subscales, correlations with a variety of questionnaires and specification of different stressful situations, confirming the relationship between coping and personality described by Watson & Hubbard[10].
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Statistical methods

Statistical analyses were performed using 95% confidence intervals and the Mann-Whitney-U Test. The level of significance was set at P<0.05. Due to the limited sample size and in order to avoid being overconservative in our evaluation, Bonferroni correction of P-values was not performed. However, all statistical comparisons were thoroughly reported enabling an informal correction of P-values by the reader. With this approach, we followed a practical solution as proposed by Saville[11] to consider multiple testing. 

In addition the results were compared to an age-matched representative sample, using available normal values (T-scale; mean=50 and SD=10) for the SVF and TICS in German volunteers with regard to gender for the age range of 20 to 64 years.

 

RESULTS

Twenty two professionals answered the questionnaires, corresponding to the total sample size.

Among the participants, the mean age was 40±14.1 years, ranging from 26 to 60 years; 59% (n=13) were male and 41% (n=9), female. Concerning position and professional qualification, 36.4% (n=8) were specialists (6 males), including the head of the department, and 63.6% (n=14) were residents (7 males).

Figure 1 shows that the surveyed cardiac surgeons, when compared to the age-matched population, presented mean values and 95% confidence intervals for TICS and SVF mostly within the normal range. The only marginal outlier (but still with a mean value within the normal range) refers to the item measuring lack of social recognition.
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With regard to the level of professional experience, the analysis revealed that inexperienced surgeons showed significantly higher levels (P< 0.05) of dissatisfaction at work and lack of social recognition and isolation (TICS). Coping strategies (SVF), such as play down, distraction from situation, and substitutional satisfaction were also significantly more frequent in this group (Figure 2). On the other hand, their experienced counterparts presented higher, but non-significant, values for pressure to succeed, overwork, self accusation, and social stress as well as for coping strategies such as flight tendency, guilt defence, social retreat, self-pity and self-accusation, ego boost, resignation and aggression (Figure 2). In terms of coping, "negative" strategies were more present in experienced than in younger colleagues (P=0.029); (Figure 2).
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Concerning the impact of gender, female surgeons felt significantly more exposed to overwork (P=0.04) and social stress (P=0.03); (Figure 3). Interestingly, although all of our female surgeons (2 senior physicians and 7 residents) felt more exposed to overwork, isolated gender-specific comparisons among residents showed significantly higher values for male residents regarding overwork (P=0.002), social stress (P=0.001) and play-down strategies (P=0.04).
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DISCUSSION

Although several studies have dealt with coping strategies in the context of health, their main focus has been surgical patients' reactions and, specifically for cardiac surgery, patients undergoing heart transplantation[12,13]. There are few reports analyzing psychological implications, especially in healthcare professionals of surgical specialties. In recent years, occupational stress among medical doctors has become the subject of extensive investigation since it is a determinant factor of physical and mental disorders that force these professionals to take leaves of absence from their work.

To our knowledge, the present study represents the first published attempt to assess directly perceived chronic stress and coping mechanisms among cardiac surgeons, and the second one, beside a series performed by Mikalauskas et al.[14] on the incidence of burnout syndrome, to focus on this specific surgical specialty.

Cardiac surgery, characterized by special attributes of surgical practice along with the rigors and length of training for this profession, seems to attract individuals of a particular character and determination as indicated by the relatively high mean age of 40 years of our study population, despite 64% being residents. In addition, the specialty still poses barriers to women, which was confirmed by the lower percentage of women in our series (41%) the finding with only two female out of eight specialists.

Cardiac surgeons work hard, deal regularly with matters of life and death, and make substantial personal sacrifices in favor of their professional practice, making them prone to burnout syndrome. 

Studies including either surgeons from several surgical subspecialties and/or graduates report that the incidence of burnout syndrome ranges from 30% to 38%[15-19], while Mikaulskas et al.[14] stated that in their cardiac surgical collective more than half (62%) of the respondents met the criteria for being burned out, with 19.3%, 25.9%, and 42.3% experiencing high emotional exhaustion, high depersonalization, and low personal accomplishment at work, respectively. Similary, in a large study published by Campbell et al.[16] surveying 582 surgeons from the University of Michigan, 32% showed high levels of emotional exhaustion, 13% increased levels of depersonalization, and 4% presented evidence of a low sense of personal accomplishment, while an Australian study of 126 surgeons, carried out by Benson et al.[20], indicated that burnout levels were significantly higher for surgeons than for the normal population, with 67.6% of the sample approaching high burnout levels. All of these findings confirm that a substantial number of colleagues in surgical specialties are struggling with a high level of personal and professional distress and that among cardiac surgeons appear to be even more susceptible to burnout.

Further analysis of the aforementioned studies[16,20] showed that younger surgeons were more vulnerable to developing burnout syndrome than their older counterparts. These data, although gathered from general surgeons, concur with ours, in which younger colleagues felt exposed to chronic stress phenomena more frequently, in particular to dissatisfaction at work, lack of social recognition, and social isolation. Younger surgeons reported significantly higher burnout levels, regardless of their career status.

Concerning the role of various factors in predicting occupational chronic stress and subsequent burnout syndrome, it is noteworthy to mention the main findings of a prospective study performed by the Buddeberg-Fischer et al.[21] in a cohort of Swiss medical school graduates, who where followed throughout their professional career, beginning in 2001. In their fourth and eighth years after graduation, 443 physicians reported on their workplace conditions, the experienced effort-reward imbalance, the professional and emotional support received as well as their personal characteristics. The mean chronic stress (TICS-SCSS) of the study-sample was significantly higher (P<0.001) compared to an age-matched representative population. In the prediction of chronic stress, workplace effort-reward imbalance as well as over-commitment turned out to be the most important risk factors, while stress protective factors were high satisfaction with career support, sense of coherence, and occupational self-efficacy.

However, in the prediction of chronic stress, gender had no significant moderator effect, a finding which is in contrast to our results of gender specific differences in the historically male- dominated discipline of cardiac surgery. In particular, male residents showed significant higher values concerning overwork (P=0.002), social stress (P=0.001) and play- down strategies (P=0.04) than their young female colleagues, whereas all female surgeons (senior physicians and residents) felt more exposed to overwork (P=0.04) and social stress (P=0.03). 

These findings suggest that experienced female surgeons suffer from the incompatibilities between their professional career and family, children, household etc., whereas experienced male surgeons are more frequently stressed by isolated job-related factors, such as pressure to succeed and overwork. The only other available study in cardiac surgeons constructed by Mikalauskas et al.[14] did not include female surgeons, thus all information about gender differences is derived from general series in populations of all specialties. A prospective study from Johns Hopkins University including more than 1300 male physicians, documented that the prevalence of clinically significant depression was 12.8%[22], while in the analysis of 4500 female physicians in the Women Physicians' Health-study, the prevalence of depression was 19.4%[23]. Regarding coping strategies among cardiac surgeons, there is a substantial lack of evidence in the literature. 

Despite suggestions that, in general, negative stress-coping responses decrease with experience[24,25], most of the studies assessed only intraoperative stress and not the entire chronic occupational stress of surgeons. The negative correlation of experience and negative coping-strategies was documented among others surgeons in an investigation of "burnout" among American surgeons[16]. The study showed younger surgeons to be more susceptible to burnout and negative stress coping-mechanisms. The results of our study compare favorably to this report in terms of dissatisfaction at work, lack of social recognition and isolation (TICS), but are contrary in terms of coping strategies, where experienced surgeons showed higher values for negative coping compared to the unexperienced ones. These discrepancies in the results may be caused by the relatively small sample size of our series. To sum up, we did not have a solid explanation for this observation and this finding should be considered as tentative.

Finally the findings of our study imply that stress management strategies are particularly important in the prevention of professional burnout in cardiac surgeons. This will further help them to improve their technical skills, decision-making time and trust with subsequent improvement in the quality of the provided health care. Interventions aiming at reducing psychosocial stress at work should consist of both an organizational and a health policy level approach.

Limitations of the study

The small number of surgeons, involved in the investigation might be regarded as a substantial limitation. Nevertheless, explanatory power of both questionnaires is sufficiently proven for each item or scale in terms of individual deviation from the normal range.

A second caveat concerns the generalizability of our results, as health care systems differ across countries.

 

CONCLUSION

Although most values were within the normal range, cardiac surgeons tend to a high level of perceived stress phenomena and vulnerability for negative coping strategies. In particular, dissatisfaction at work, social isolation, and a lack of social recognition were more frequent among residents. On the other hand, senior physicians showed higher values for pressure to succeed and negative coping strategies, such as resignation and aggression. It is a matter of concern that especially young cardiac surgeons report feeling stressed early in their professional career. Actions have to be taken in order to reduce stress levels, mainly through the re-establishment of reciprocity between perceived effort invested and rewards received, in the form of career opportunities and acceptance of personal capacities including emotional support.
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ABSTRACT

OBJECTIVE: Aortic valve replacement with Braile bovine pericardial prosthesis has been routinely done at the Heart Institute of the Universidade de São Paulo Medical School since 2006. The objective of this study is to analyze the results of Braile Biomédica® aortic bioprosthesis in patients with aortic valve disease.

METHODS: We retrospectively evaluated 196 patients with aortic valve disease submitted to aortic valve replacement with Braile Biomédica® bovine pericardial prosthesis, between 2006 and 2010. Mean age was 59.41±16.34 years and 67.3% were male. Before surgery, 73.4% of patients were in NYHA functional class III or IV.

RESULTS: Hospital mortality was 8.16% (16 patients). Linearized rates of mortality, endocarditis, reintervention, and structural dysfunction were 1.065%, 0.91%, 0.68% and 0.075% patients/year, respectively. Actuarial survival was 90.59±2.56% in 88 months. Freedom from reintervention, endocarditis and structural dysfunction was respectively 91.38±2.79%, 89.84±2.92% and 98.57±0.72% in 88 months.

CONCLUSION: The Braile Biomédica® pericardial aortic valve prosthesis demonstrated actuarial survival and durability similar to that described in the literature, but further follow up is required to assess the incidence of prosthetic valve endocarditis and structural dysfunction in the future.

Descriptors: Heart Valve Prosthesis Implantation. Aortic Valve. Survival Analysis.



 


RESUMO

OBJETIVO: A troca valvar aórtica por substitutos biológicos de pericárdio bovino Braile é realizada rotineiramente no Instituto do Coração da Faculdade de Medicina da USP desde 2006. O objetivo deste estudo é analisar os resultados da utilização da prótese aórtica Braile Biomédica® em pacientes com doença valvar aórtica.

MÉTODOS: Foram analisados, retrospectivamente, 196 pacientes portadores de valvopatia aórtica submetidos à troca valvar aórtica por prótese biológica de pericárdio bovino Braile Biomédica® entre 2006 e 2010. A idade média foi de 59,41±16,34 anos e 67,3% eram do sexo masculino. No pré-operatório, 73,4% dos pacientes estavam em classe funcional III ou IV.

RESULTADOS: A mortalidade hospitalar foi 8,16% (16 pacientes). As taxas linearizadas de óbito, endocardite, reoperação e disfunção estrutural foram de 1,065%, 0,91%, 0,68% e 0,075% pacientes/ano, respectivamente. A sobrevida actuarial foi de 90,59±2,56% em 88 meses. A curva livre de reoperação, endocardite e disfunção estrutural foi respectivamente de 91,38±2,79%, 89,84±2,92% e 98,57±0,72% em 88 meses.

CONCLUSÃO: O implante da prótese aórtica de pericárdio bovino Braile Biomédica® demonstrou sobrevida e durabilidade compatível com a literatura, porém maior seguimento é necessário para avaliar a incidência de endocardite e disfunção estrutural no futuro.

Descritores: Implante de Prótese de Valva Cardíaca. Valva Aórtica. Análise de Sobrevida.



 

 

INTRODUCTION

Bovine pericardial bioprostheses have been used for aortic valve replacement since the early 70's, when first generation of bioprostheses became commercially available. Description[1], clinical use, and initial results have been known since then. A variety of models and materials have been introduced for everyday use and evaluated for long-term use[2,3].

The choice of which prosthesis to use - biological or mechanic - was not associated to a significant improvement in survival[4,5]. However, in terms of freedom from reintervention during a 20-year follow-up, bioprostheses were inferior compared to mechanical prostheses[5]. The is no consense in literature regarding long-term results of bioprosthesis, which vary not only by age group, anatomic implant position or materials used, but also by unique manufacturing and preservation techniques used by each manufacturer.

In the Heart Institute of the Universidade de São Paulo (InCOR - FMUSP) the first bovine pericardial bioprosthesis to be used was the Fisics-InCOR prosthesis[6] in 1984. Pomerantzeff et al.[7] published the results of 15-years of experience with 2607 of those prostheses. In 2001, the Braile Biomédica® bovine pericardial bioprosthesis started to be used at InCOR-FMUSP, but its everyday use began only in 2006.

The aim of this paper is to analyze the initial experience with Braile Biomédica® bovine pericardial bioprosthesis, from 2006 to 2011, concerning survival and freedom from endocarditis, structural dysfunction, and reintervention.

 

METHODS

This study was observational and retrospective, using a historic cohort, from April 2006 to December 2010. In that period, 196 elective consecutive aortic bioprosthesis implant surgeries were performed by the Heart Valve Surgical Team of the InCOR-FMUSP, excluding prosthetic endocarditis. Patients with previous cardiac surgery, native valve endocarditis, and mitral repair procedures were included in the analysis group. The Heart Institute Scientific Committee and the Ethics Committee of the of the University of São Paulo Medical School (FMUSP) approved the paper, with number 0453/07.

Age ranged from 16 to 85 years-old, mean of 59.41±16.41years. One hundred thirty two (67.3%) patients were male, and 64 (32.7%) were female.

Mortality rate of the analyzed group, predicted by Euro-SCORE II[8] was 3.48±3.99% (ranging from 0.56 to 26.48%; median = 2.025%).

All patients were submitted to traditional surgery by median sternotomy, cardiopulmonary bypass with moderate hypothermia (28ºC), aortic cannulation, and single or double venous cannulation, in cases of mitral valve involvement. Anterograde, intermittent, cold blood cardioplegic myocardial protection was performed. Aortic opening was carried out by inverted "J" aortotomy and the left atrium was opened by conventional left atriotomy. The original Braile Biomédica® sizers were used to measure the aortic annulus. Prosthetic suture in the aortic annulus was made with or without Polyester Fiber (Mersilene® or Ethibond®2-0), with pledgets at surgeon's discretion.

Main etiology of surgical aortic replacement was degenerative in 104 cases (53.1%), followed by structural dysfunction of bioprosthesis in 42 cases (21.4%), rheumatic disease in 29 (14.8%), infective endocarditis in 9 (4.6%), bicuspid aortic valve in 10 (5.1%) and other causes in 2 (1%).

Regarding prosthesis size, the prosthesis labeled number 19 by the manufacturer was used in 3 patients (1.5%), number 21 in 37 (18.9%), number 23 in 90 (45.9%), number 25 in 55 (28.1%) and number 27 in 11 (5.6%).

Associated procedures were performed in 33 patients (16.8%), 25 (12.7%) of them being mitral reconstruction and 8 (4.1%), mitral comissurotomies.

In regards to functional status (NYHA), 26 (13.3%) patients were in functional class IV, 118 (60.2%) in functional class III, 48 (24.5%) in functional class II and 4 (2.0%) in functional class I.

Follow-ups were carried out by physician's consultations at the InCOR-FMUSP, registered in the institutional electronic medical chart (sI3) or by phone interviews. Mean follow-up time was 40.29±17.05 months, and 22 patients (11.2%) failed to follow up.

The results were reported according to the Akins et al.[9] definitions in the Guidelines for reporting mortality and morbidity after cardiac valve interventions.

The GraphPad Prism6 (GraphPad Software, Inc. La Jolla, CA) software was used for the statistical analysis. Continuous data were presented as mean ± standard deviation, categorical variables as percentages (%) and exact Fisher test for comparison between groups. Survival, freedom from reintervention, endocarditis or structural dysfunction were obtained by the Kaplan-Meier estimator.

 

RESULTS

In-hospital mortality was 8.16% (16 patients). The causa mortis was cardiogenic shock in 6 patients (37.5%), pulmonary sepsis in 8 patients (50%), renal failure in 1 patient (6.25%), and hepatic failure in 1 patient (6.25%) with hepatitis C.

Patients younger than 65 years-old had 2.83% mortality (3 out of 106), while patients 65 or older had 14.4% mortality (13 out of 90). Mortality rates for the 54 reoperation cases was 7.40% whereas, while among first surgery patients, it was 8.45%.

Mortality, analyzed according to the pre-operative functional status of the patient, was 0% for NYHA I, 6.25% for NYHA II, 6.78% for NYHA III and 19.23% for NYHA IV (Table 1).
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According to the procedure, isolated aortic valve replacement had the lowest mortality rate at 7.36% (12 out of 163), and the associated procedures - mitral reconstruction or comissurotomy - presented a 12.12% mortality rate (4 out of 33).

In the follow-up, there were 12 prosthesis-related deaths and 11 non-related deaths. The most common prosthesis-related death was infective endocarditis, in 10 cases, followed by one case of stroke and one unclarified death.

For the 10 cases of infective endocarditis that culminated in death, initial infection was recognized in 5 cases: one erysipelas, one pulmonary infection, and 3 urinary infections.

For the 11 non-related deaths, the main cause of death was pulmonary infection in 3 cases, followed by cardiac failure and urinary infection, both with two cases. There was one case each of abdominal sepsis, acute intestinal obstruction, pulmonary cancer, and trauma (Table 2).
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The linearized event rates of reoperation, death, infective endocarditis and structural dysfunction are reported in Table 3. There was neither hemolysis nor non-structural dysfunction on this series.
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Actuarial survival in 88 months was 90.59±2.56% (Figure 1). Freedom from reintervention curve (Figure 2), infective endocarditis and structural dysfunction (Figure 3) was 91.38±2.79%, 89.84±2.92% and 98.57±0.72% in 88 months, respectively.
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DISCUSSION

There is few data about longevity of Brazilian bioprosthesis in comparison with other[10], and as for the Braile Biomédica® prosthesis, there are no data that show their use in an everyday basis, evaluating its performance in a consecutive group of patients that include reoperations, endocarditis and associated surgeries[11,12].

In the analyzed group, mean age was 59 years. For the most part, in the Brazilian Public Health Care System, indication of bioprosthesis in young patients is due to the inability to follow adequate medical control of anticoagulation, ruling out the use of mechanical prosthesis. As a national reference center, there is a major concern about adequate control of anticoagulation in patients coming from other regions, leading to a greater use of bioprostheses.

In-hospital mortality was 8.16%, compared to national reports of 8%[13] mortality for general cardiac surgery and from 7.0 to 15.0% for aortic valve replacement[14,15], not adjusted. Being a tertiary center with great experience in bioprosthesis implantation[6,7] and in reoperations[16,17], there is a high incidence of previous cardiac surgeries, historically rising - from 1980 to 1999, 22.8% were reoperations[16] and, from 2006 to 2010, 27.5% were reoperations. This incidence is only comparable to Bacco et al.[15], that, with 25.6% incidence of reoperations, found 15% in-hospital mortality for aortic valve replacement. Despite mortality higher than data from the United States and the United Kingdom[18,19], it is worth mentioning the need of pairing mortality to surgical risk[8,9,20] and of internal validation of the risk score models. In Canada, Forcillo et al.[21], analyzing Carpentier-Edwards bovine pericardial bioprosthesis in aortic position, found actuarial survival of 78±2% at 5 years, lower than the 90.59±2.63% actuarial survival at 5 years found by us.

EuroSCORE II[8] mortality estimate was 3.48±3.99% and our actual mortality was 8.16%. At a concomitant period, from October 2008 to July 2009, Lisboa et al.[22] demonstrated inadequate calibration of EuroSCORE II at InCOR-FMUSP, and found better calibration of additive and logistic EuroSCORE and InsCor, a locally developed risk model. Indeed, the poorly calibrated EuroSCORE II to predict mortality in the group of patients evaluated reinforces the need for implementation, and widespread use of a Brazilian risk model. 

In-hospital mortality for redo operations is considered higher than first operations[8,17], with 2.87 odds ratio (95% CI 2.03 - 4.05)[23]. However, interestingly we noted similar in-hospital mortality rates between redo's and first surgeries, 7.40% and 8.40%, respectively. In a previous historical cohort at the same institution, Brandão et al.[17] found 8.7% mortality for cardiac reoperations. The reasons for improvement are not enterily clear, but the technique standardization by Pomerantzeff et al.[16] led to progressive improvement of outcomes as well as training of a specific team, which was responsible for over 95% of the redo operations at the institution.

In agreement with the literature[8,17,23,24], our series showed mortality rates increasing according to the functional status. Associated procedures also showed higher mortality rates, but without statistical significance. 

Age group and anatomic prosthetic position are the main determinant factors of calcific bioprosthesis dysfunction, with greater longevity found in the elderly with aortic prosthesis[25]. However, rising numbers of bioprosthesis implantation in younger patients, due to contra indications of oral anticoagulation or the impossibility of adequately controlling anticoagulation, have given rise to a concern about degeneration resistance of biologic prosthesis in younger patients. To ilustrate, the only case of structural dysfunction of the cohort occurred 37 months after implantation, in a 44-year-old patient, who did not receive a mechanical prosthesis because his social condition precluded adequate anticoagulation control.

We found freedom from structural dysfunction of 98.57±0.70% at 5 years, comparable to the Carpentier-Edwards prosthesis[21] at 98±0.2% and superior to the St Jude Biocor[15] at 89.2±3.5%, and a linearized rate of 0.075% patients-year.

Using Braile Biomédica® prosthesis, we found freedom from infective endocarditis at 5 years of 89.85±2.94%, while Carpentier-Edwards prosthesis[21] was 98±0.3%, the difference is partially due to the economic and social differences between the health care systems where both prostheses were analyzed (Brazil and Canada).

The present study has as limitations the retrospective cohort of a single center, with a limited number of cases and insufficient power to rare events.

 

CONCLUSION

Braile Biomédica® bovine pericardial prosthesis in aortic position led to similar durability and survival to that reported in the international literature. Further follow-up is required to evaluate future incidence of infective endocarditis and structural dysfunction.
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ABSTRACT

INTRODUCTION: Cardiac transplantation remains the gold standard for end-stage cardiomyopathies and congenital heart defects in pediatric patients.

OBJECTIVE: This study aims to report on 20 years of experience since the first case and evaluate our results.

METHODS: We conducted a retrospective analysis of the database and outpatient follow-up. Between October 1992 and April 2012, 109 patients underwent 114 transplants. 51.8% of them being female. The age of patients ranged from 12 days to 21 years with a mean of 8.8±5.7 years and a median of 5.2 years. The underlying diagnosis was dilated cardiomyopathy in 61.5%, congenital heart disease in 26.6% and restrictive cardiomyopathy in 11.9%. All patients above 17 years old had congenital heart disease.

RESULTS: Survival rate at 30 days, 1, 5, 10, 15, and 20 years were 90.4%, 81.3%, 70.9%, 60.5%, 44.4% and 26.7%, respectively. Mean cold ischemic time was 187.9 minutes and it did not correlate with mortality (P>0.05). Infectious complications and rejection episodes were the most common complications (P<0.0001), occurring, respectively, in 66% and 57.4% of the survivors after 10 years. There was no incidence of graft vascular disease and lymphoproliferative disease at year one, but they affected, respectively, 7.4% and 11% of patients within 10 years.

CONCLUSION: Twenty-year pediatric heart transplant results at our institution were quite satisfactory and complication rates were acceptable.

Descriptors: Heart Transplantation. Heart Defects, Congenital. Cardiomyopathies. Tissue Donors. Donor Selection. Graft Rejection. Cold Ischemia.



 


RESUMO

INTRODUÇÃO: O transplante cardíaco tem sido o tratamento de escolha para pacientes pediátricos portadores de miocardiopatias e portadores de cardiopatias congênitas em fase final da doença.

OBJETIVO: Relatar a experiência de 20 anos do serviço e avaliar seus resultados.

MÉTODOS: Estudo retrospectivo por meio de análise do banco de dados. Entre outubro de 1992 e abril de 2012, 109 pacientes foram submetidos a 114 transplantes. 51,8% eram do sexo feminino. A idade dos pacientes variou de 12 dias a 21 anos, com média de 8,8±5,7 anos e mediana de 5,2 anos. O diagnóstico de base dos pacientes foi de miocardiopatia dilatada em 61,5%, cardiopatias congênitas em 26,6% e miocardiopatia restritiva em 11,9%. Todos os pacientes entre 17 e 21 anos eram portadores de cardiopatias congênitas.

RESULTADOS: A sobrevida em 30 dias, 1, 5, 10, 15 e 20 anos foi de 90,4%, 81,3%, 70,9%, 60,5%, 44,4 e 26,7%, respectivamente. O tempo médio de isquemia do órgão transplantado foi de 187,9 minutos e não teve correlação com a mortalidade (P>0,05). Intercorrências infecciosas e rejeição foram as complicações mais incidentes (P<0,0001), atingindo 66 e 57,4% dos sobreviventes após 10 anos. A incidência de doença vascular do enxerto e doença linfoproliferativa foi zero no primeiro ano e atingiu, respectivamente, 7,4 e 11% dos pacientes em 10 anos.

CONCLUSÃO: O Transplante Cardíaco neste grupo de pacientes pediátricos e portadores de cardiopatias congênitas pôde oferecer resultados satisfatórios, com uma taxa de complicações aceitável ao longo do seguimento.

Descritores: Transplante de Coração. Cardiopatias Congênitas. Cardiomiopatias. Doadores de Tecidos. Seleção do Doador. Rejeição de Enxerto. Isquemia Fria.



 

 

INTRODUCTION

Despite recent advances in stem cells research and break throughs in the diagnosis and clinical management of heart failure (HF), heart transplantation (HTx) is still considered the best therapeutic strategy to increase survival and improve symptoms in end-stage HF patients[1].

In children, the occurrence of conventionally untreatable congenital heart disease and severe cardiomyopathy may be indications for this procedure. However, HTx in the pediatric population still faces greater difficulties than in adults due to greater scarcity of donors or technical difficulties imposed by some congenital malformations[2].

Recently, Jacobs et al.[2] reported their experience with just over 100 pediatric HTx and found that the presence of congenital heart disease did not increase mortality compared with cardiomyopathies. However, heterotaxy and reoperations in patients with congenital heart disease, decrease the chances of survival.

In Brazil, the first HTx in a newborn was performed at our institution in November 1992[3]. In April 2012, our team of Pediatric and Congenital Heart Surgery held its hundredth HTx, consolidating its position as the largest and most active center outside Europe and North America[4].

We have several publications in this area, from 1996, when we published our initial experience[3,5-8], to our two most recent studies, one addressing the results of HTx in patients with cardiogenic shock[9] and another in patients with rejection and cyclosporine intolerance[10].

At the moment, a reflection on these 20 years of experience is important for the cardiology and cardiac surgery communities, especially in Brazil, to show our current status and which aspects are in need to more attention and improvement.

Objective

This study aims to report our experience and evaluate our results.

 

METHODS

This study was conducted hrough retrospective analysis of our database after approval by the Ethics in Research Committee of our institution. Regarding infections, the database of the Committee on Infection Control was used.

Patients

Between October 1992 and April 2012, 109 pediatric and congenital heart patients underwent 114 HTx, with five re-transplants. The age of patients ranged from 12 days to 21 years (mean=8.8±5.7 years, median 5.2 years). Among the 109 patients, 11 were between zero and one year of life (10.1%), 71 were between one and 10 years-old (65.1%), and 27 were older than 10 at the time of operation (24.8%). Two patients above 17 years old with congenital heart disease were included in this sample. The distribution of patients according to age and diagnosis is shown in Figure 1.
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Primary diagnosis varied from cardiomyopathy in 80 patients (73.4%) and congenital heart disease in 29 (26.6%). Among those with congenital heart disease, 10 patients had single-ventricle physiology (Table 1), 23 (79.3%) had undergone to previous surgery prior to HTx hospitalization, one (3.5%) patient with Ebstein's anomaly had undergone surgical correction and developed acute ventricular dysfunction being subjected to urgent HTx after circulatory support. Five had not been submitted to any previous surgical procedure (17.2%).
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Donor age ranged from 8 months to 52 years (mean = 13.8±10.5 years, median=11 years). The average weight of donors was 39.8±23 kg, while recipient mean body weight was 20±13.9 kg. The average weight mismatch between donor and recipient was 2.1±0.7. Gender distribution was mostly homogeneous (51.8% female).

The number of HTx per year ranged between 1 and 18 procedures (average=6 HTx/per year). There has been an upward trend in the number of cases in recent years. Follow-up was conducted through personal contact during out-patient consultations and/or consultation using the electronic medical record or phone calls.

Surgical technique

The surgical technique employed involved bicaval and aortic cannulation for extracorporeal circulation with moderate hypothermia (30ºC). Bicaval anastomosis was performed in most cases. When hypoplastic left heart was present, innominate artery cannulation was performed and periods of deep hypothermic selective cerebral perfusion for aortic arch reconstruction were used.

When there was previous surgery involving the pulmonary arteries (PA's), as in Glenn or Fontan operations, it was necessary to carry out reconstruction of the PA's through different techniques. The presence of persistent left superior vena cava demanded that it be connected with the right superior vena cava using a graft or the donor innominate vein itself.

Myocardial protection was achieved by using cold crystalloid antegrade Roe's solution[11], at the time of organ harvesting. This formula has been used since the first procedure in 1992 until the present day. When the predicted ischemic time was longer than three hours, it was decided to repeat cardioplegia before beginning the anastomosis.

Immunosuppression protocol

The immunosuppression protocol for patients who have negative prospective crossmatch is based on continuous infusion of perioperative cyclosporine (infusion starts 6 hours before implant), corticosteroids associated with human immunoglobulin and rabbit antithymocyte globulin. For those with positive prospective crossmatch, plasmapheresis was also performed, 5 sessions on alternate days, in addition to other cytolytic and immunosuppressive drugs and the immunomodulators already mentioned[12].

Statistical analysis

Descriptive data were presented in mean ± standard deviation. To evaluate the survival of pediatric heart transplant in 20 years the actuarial survival Kaplan Meier method was used. To assess the impact of diagnosis and age on survival, the Cox proportional regression was used. The statistical software program used was the Statistical Package for Social Sciences for Windows, v. 11.5 (SPSS Inc, Chicago, IL). It was adopted as significant a P-value of less than 0.05.

 

RESULTS

Survival

The 30-day survival was 90.4%. Survival at one, five, ten, fifteen and twenty years was 81.3%, 70.9%, 60.5%, 44.4% and 26.7%, respectively (Figure 2). Mean follow-up was 8 years. Median survival of patients after HTx was 11.07 years (9.33 to 12.8, CI 95%) and the median was 11.57 years (7.72 to 15.42, CI 95%).




[image: Fig. 2 - Actuarial Survival]



 

The Cox proportional regression analysis of the impact of age on survival revealed no statistical significance (P=0.198). In the same manner, the diagnosis of congenital heart disease was not a predictor of poor survival during follow-up (P=0.126). Survival curves of patients with congenital heart disease and cardiomyopathies are shown in Figure 3.
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Complications

Infectious complications and rejection episodes were the most common complications during follow-up. We observed an average of three rejection episodes per patient over the 20 years of follow-up. As it can be seen in Figure 4, after 20 years of follow-up, almost all patients had at least one episode of infection and/or rejection. There was a statistically significant difference (P<0.0001) compared to the incidence of other complications, such as graft vascular disease (GVD) and lymphoproliferative disease.
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There was no occurrence of GVD and lymphoproliferative disease in the first two years after HTx. However, after 15 years of follow up, there was an incidence of 7.4% and 20.2%, respectively. Of the patients affected by GVD, two of them underwent stent implantation in the affected coronary artery. One showed good results; however, coronary artery bypass grafting was indicated in the second case due to persistent myocardial ischemia. Another two of the GVD patients underwent re-transplantation and the other two are currently listed.

Lymphoproliferative disease affected eight patients over the 20-year follow-up. Three had pulmonary lesions, two had abdominal location, and three had polyadenopathy. Four patients (50%) died, and the deaths of two of them were related to lymphoproliferative disease. The remaining four patients had disease regression and show good progress. Figure 4 shows the curves of incidence of major complications.

Five patients had undergone re-transplantation, two due to GVD and three because of graft rejection.

Causes of death

The causes of mortality varied over time and data are detailed in Table 2.
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Cold ischemic time

Mean organ's cold ischemic time was 187.9±72.3 minutes. Cold ischemic time was less than 60 minutes in 10 cases (8.8%), between 61 and 120 minutes in 31.6% of the cases (36 cases), 121 to 180 minutes in 25.4% (29 patients), 181 to 240 minutes in 17 (14.9%), 241 to 300 minutes in 16 cases (14%) and above 301 minutes in 5.3% of cases (6 HTx). However, in this study, the ischemic time had no direct correlation with mortality (P=0.23).

Geographical origin of receivers and donors

The geographical origin of receptors in Brazil was very diverse, covering 18 states and the Federal District. Nevertheless, the uptake of organs occurred almost entirely in the state of São Paulo, with 93% of the cases. The rest (7%) of the donors were located in other states, namely: Santa Catarina, Rio de Janeiro, Minas Gerais, Goiás, and the Federal District.

There was an offer of 621 organs in these 20 years, 68% from individuals aged 16-20 years (422 donors), 17% aged 11-15 years (106 donors), 8% aged 6-11 years (50 donors), and 7% aged 0-5 years (43 donors). However, most potential donors were rejected due to weight mismatch or hemodynamic instability.

Circulatory support

The use of circulatory support in this series was observed in only three patients in whom extracorporeal membrane oxygenation (ECMO) was used. These patients were in severe cardiogenic shock. Hospital discharge was possible for one of them after transplantation. Multiple organ failure was the cause of death of the other two.

 

DISCUSSION

The first pediatric heart transplant was performed in Brazil more than 20 years ago, and it was only possible thanks to a two-year preparation based in Loma Linda protocols. This preparation was made through an important expertise transfer, accompanied by visits from our team to the Californian hospital. Loma Linda was the birthplace of pediatric HTx, since the enormous contributions of Bailey et al.[13] who transplanted a baboon heart in small Fae, stricken with hypoplastic left heart syndrome, who later became known worldwide as baby Fae.

Extracorporeal circulation and myocardial protection

Despite the constant development of cardiovascular surgery, few changes have occurred in our protocol over the twenty years. Myocardial protection remains identical and has been working well, since we observed less than 2% of deaths related to primary graft dysfunction, despite an often extended cold ischemic time. Extracorporeal circulation has evolved considerably in the interim, accompanied by HTx, with the incorporation of monitoring line pressures and association of modified ultrafiltration for patients below 30 kg. The protocol of moderate hypothermia has been kept.

Cold ischemic time

In our series, cold ischemic time was on average three hours and it did not correlate with mortality. The influence of ischemic time in post-HTx mortality finds considerable controversy in the literature. While some authors corroborate our findings[14], others believe that ischemic time is an independent predictor of mortality after HTx[2]. Even with our policy of preference for uptake within the state itself (93% of the time), in 19% of the cases, the ischemic time was longer than 4 hours. Longer ischemic times were caused mostly by logistical problems in transportation, since it is a big state and mobility some times may be difficult, and technical difficulties related to the implant, such as in re-operations and anatomical challenges related to congenital hearts, with the need to reconstruct the venous drainage and/or the pulmonary arteries.

Re-transplantation

A recent North American study in pediatric HTx with more than 4000 cases attributed increased mortality to re-transplantation[15], although Jacobs et al.[2] and Kanter et al.[14] have shown to be possible to obtain results superimposed to the first intervention. We had a low incidence of re-transplantation (4.4%); however, the survival of these patients did not differ from patients undergoing primary Tx, corroborating these authors[2,12].

Circulatory Support

The outcome of patients not listed as priority in our institution was similar to that reported recently by North American researchers, who analyzed the outcome of pediatric patients listed for HTx[15].

However, our mortality rate in the priority list was high, as we already demonstrated in 2008, when we studied patients with cardiogenic shock[9]. This is due to the obvious severity of the disease and donor shortage for pediatric patients, especially, when HTx needs to be performed on an emergency basis.

The use of circulatory support could help reduce mortality in this setting[2,16,17]. In this series, ECMO was used in three cases and only one was discharged after transplantation. In view of this, our institution has been working vigorously to increase circulatory support results and usage.

Another approach to improve the supply of organs is pediatric HTx in ABO incompatibility system, which has already been successfully performed in patients under one year, with results similar to the ABO compatible HTx[2,18].

It is known that the indication for circulatory support as bridge to transplantation in the pediatric population has been increasing and reached a quarter of cases currently on the ISHLT report[19].

Immunosuppression and Rejection

The immunosuppressive regimen has evolved over time, especially with the advent of monoclonal antibodies and plasmapheresis. However, our protocol basically consists of the use of calcineurin inhibitor and cytostatic. The initial calcineurin inhibitor is cyclosporine, and in patients with refractory or late rejection and adverse effects to cyclosporine, tacrolimus was used as salvage therapy.

Rejection was responsible for 25% of deaths. The diagnosis of rejection is performed by clinical evaluation with noninvasive methods such as clinical symptoms of irritability, fatigue, heart failure, arrhythmias, electrocardiographic and echocardiographic changes. Gallium 67 scintigraphy and BNP (brain natriuretic peptide) have been useful in contributing to confirm the diagnosis[7].

The endomyocardial biopsy is the gold standard for diagnosis. At the beginning of the experiment, the protocol consisted of performing it only in cases refractory to treatment. More recently, the protocol has been more invasive and biopsy is routinely done in the first and second months of follow-up, and at the time of suspected rejection and/or control treatment.

Infection

Our infection rate was significant with a predominance of bacterial infections and sepsis with pulmonary involvement, which reflects the findings in most services. However, policies to control infection in these immuno-compromised patients need to be more efficient as they may have a positive impact on survival. In this series of patients, infections were responsible for 25% of mortality.

Graft vascular disease

In this series, the incidence of this complication was 7.4% in 10 years of follow-up. The increase in BNP, in addition to its already known relationship with rejection, seems to be associated with the occurrence of GVD[7]. In our department, we have made aggressive attempts to perform coronary angiography and/or coronary angiotomography to have and early diagnosis.

Lymphoproliferative disease

The occurrence of lymphoproliferative disease, especially in children, may be related to soroconversion of the Epstein-Barr virus post-HTx. However, the exact incidence of this disease is unknown, ranging from 2 to 20%[8].

Our treatment protocol consists in the reduction of the immunosuppressive therapy and, in selected cases, the use of monoclonal anti-CD 20 antibody (rituximab).

This complication can be lethal. In eight patients in our study, mortality was 25%, with all of those deaths being directly related to the complication.

Survival

As far as the known severity and complexity of these patients, data show that we can expect satisfactory results in the medium and long-term follow-up of children who are submitted to HTx in our institution.

Most studies show that despite a higher immediate mortality, the survival of patients below one year is better[2,19]. This did not occur in our series, in which survival did not vary with age. We attribute this to the small number of infants (11 cases).

The 30-day mortality in our center was satisfactory and comparable to that reported recently by North-American researchers[2]. Most importantly, that study reported a high incidence of hypoplastic left heart, unlike our experience. In our hospital, it was possible to transplant only two HLHS patients.

Late survival at 15 years is around 50% in international records.

Our data show a slightly lower survival rate (44.4%); however, with median survival around 11 years, close to the international results[19].

 

CONCLUSION

Our results reinforce the therapeutic success of heart transplantation for the treatment of these patients in our country.
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ABSTRACT

OBJECTIVE: The objective of this paper is to present the results from Spiral Pump clinical trial after design modifications performed at its previous project. This pump applies axial end centrifugal hydraulic effects for blood pumping during cardiopulmonary bypass for patients under cardiac surgery.

METHODS: This study was performed in 52 patients (51% males), between 20 to 80 (67±14.4) years old weighing 53 to 102 (71.7±12.6) kg, mostly under myocardial revascularization surgery (34.6%) and valvular surgery (32.8%). Besides the routine evaluation of the data observed in these cases, we monitored pump rotational speed, blood flow, cardiopulmonary bypass duration, urine free hemoglobin for blood cell trauma analysis (+ to 4+), lactate desidrogenase (UI/L), fibrinogen level (mg/dL) and platelet count (nº/mm3).

RESULTS: Besides maintaining appropriate blood pressure and metabolic parameters it was also observed that the Free Hemoglobin levels remained normal, with a slight increase after 90 minutes of cardiopulmonary bypass. The Lactate Dehydrogenase showed an increase, with medians varying between 550-770 IU/L, whereas the decrease in Fibrinogen showed medians of 130-100 mg/dl. The number of platelets showed a slight decrease with the medians ranging from 240,000 to 200,000/mm3. No difficulty was observed during perfusion terminations, nor were there any immediate deaths, and all patients except one, were discharged in good condition.

CONCLUSION: The Spiral Pump, as blood propeller during cardiopulmonary bypass, demonstrated to be reliable and safe, comprising in a good option as original and national product for this kind of application.

Descriptors: Centrifugal Pumps. Axial Flow Pumps. Cardiopulmonary Bypass. Extracorporeal Circulation. Hemolysis.



 


RESUMO

OBJETIVOS: Apresentar resultados da aplicação da bomba espiral que emprega efeitos hidráulicos centrífugo e axial de bombeamento como elemento propulsor do circuito de circulação extracorpórea em pacientes submetidos a cirurgias cardíacas após modificações introduzidas no design do projeto original.

MÉTODOS: O estudo foi realizado em 52 pacientes (51% masculinos), com idade entre 20 a 80 (67±14,4) anos, peso 53 a 102 (71,7±12,6) kg, submetidos na maioria a cirurgia de revascularização miocárdica (34,6%) e Orovalvar (32,8%). Além das avaliações rotineiras, foram registrados rotação, tempo de CEC e para análise do impacto traumático à crase sanguínea, hemoglobina livre na urina (+ a 4+), desidrogenase láctica, fibrinogênio (mg/dL) e contagem de plaquetas (nº/mm3).

RESULTADOS: Observou-se a manutenção de parâmetros pressóricos e metabólicos adequados. Quanto aos marcadores de danos à crase sanguínea, as alterações estiveram proporcionais ao tempo maior de circulação extracorpórea. Os níveis de Hemoglobina Livre permaneceram com valores normais, com ligeiro aumento a partir dos 90 minutos de circulação extracorpórea. A Desidrogenase Láctica mostrou aumento, variando as medianas entre 550 a 770 UI/L enquanto o Fibrinogênio mostrou queda das medianas de 130 a 100 mg/dl. O número de plaquetas mostrou ligeira queda das medianas variando entre 240.000 a 200.000/mm3. Não ocorreram dificuldades de saída de perfusão, não se observou óbito imediato e todos os pacientes, exceto 1, obtiveram alta hospitalar.

CONCLUSÃO: A bomba espiral aplicada como bomba propulsora de sangue durante cirurgia cardíaca se mostrou confiável e segura, não causou impacto traumático à crase sanguínea importante e se constitui opção como dispositivo original, concebido em nosso meio.

Descritores: Bombas Centrífugas. Bombas de Fluxo Axial. Ponte Cardiopulmonar. Circulação Extracorpórea. Hemólise.



 

 

INTRODUCTION

The Division of Bioengineering from Instituto Dante Pazzanese de Cardiologia (IDPC) started in 1992 a research aiming to develop a blood pump for cardiopulmonary bypass (CPB), called Spiral Pump® (SP). The SP was idealized as a device to drive blood minimizing damage to blood cells during CPB[1-3], and also, providing lower cost by being produced in Brazil protected by a Patent of Invention number PI 91,022,215 from the National Institute of Industrial Property.

SP uses two hydraulic pumping principles simultaneously, centrifugal and axial, provided by conically shaped rotor with threads on its surface, increasing the hydrodynamic pumping performance without increasing rates of blood cell damage such as hemolysis[4].

Between 1994 and 1999, a pilot number of devices was produced, for in vivo tests (sheep), based on an experimental protocol, approved by IDPC's Experimental Research Ethics Committee. SP was used as a pumping device for CPB. From 1999 to 2002, clinical evaluations were performed on 43 patients during cardiac surgery with CPB[5]. After approved in clinical evaluations, the device was registered at the National Health Surveillance Agency (ANVISA) under number 10264470020.

In 2007, the development of a new rotor design had started, using two entrances at the threads of the spiral impeller pumps and also, modifying the device external base, aiming to have same coupling system as other devices, allowing its use routinely in cardiac surgeries. During this improvement process, many additional in vitro and in vivo tests were performed[5-9].

A new in vivo tests were performed according to a new experiment protocol, number 2010/003, approved by the IDPC's Ethics Committee for Animal Usage, and with those new results, SP was able to undergo to a new clinic evaluation phase. For this phase, new devices were assembled inside controlled environment, according to ISO 14644, ISO 8 and ISO 13485, and sterilized by ethylene oxide (ETO)[9].

As the original prototype (Figure 1A), this new model uses centrifugal and axial forces simultaneously as hydraulic principles, improving its hydrodynamic performance without increasing blood damage. This pump has in its interior a spiral conic rotor to generate pumping pressures. Axial pumping effect is produced due to double entrance threads at impeller surface, and centrifugal pumping effect occurs because of impeller conical shape. At the top of the housing, there is the inlet port and, at the bottom, the outlet port, both with 3/8-inch connections (Figure 1B). Housing base consists of a plastic disc with one stainless steel shaft that holds all internal pump components. Housing base provides total isolation between pump inside and outside. Motor torque is transmitted to spiral impeller by magnetic coupling, using two annular magnets, one inside the impeller and another fixed to the shaft of the driver motor.




[image: Fig. 1A - Original prototype]



Preliminary studies have shown that changes in rotor design caused important changes in device performance and positive impact was noted during hemolysis tests due to the new conical shape and new rotor design, as well as making lower the pump outlet port (Figures 2 and 3)[6,7]. Previous studies, conducted in 1998, showed that the original pump performance was 3000 rpm under a pressure of 350 mmHg, and under similar pumping flow as the reference model Biopump® (BPX80, Medtronic, USA). However, it was around 2500 rpm for the same pressure with the new SP model[5,7].




[image: Fig. 2A - First model]
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Objectives

This work aims to conduct clinical evaluation with Spiral Pump (SP) during cardiopulmonary bypass (CPB), as an impeller blood pump for patients under cardiac surgery.

 

METHODS

Inclusion criteria:

� Indication for cardiac surgery with CPB in most myocardial revascularization and orovalvular lesions;

� With or without cardioplegia;

� Age between 40 and 80 years;

� Male and female;

� Body weight between 55 and 120 kg.

Exclusion criteria:

� Cardiac surgery without CPB;

� Abnormalities in laboratory tests (coagulogram);

� Surgery for patients with underweight (<55 kg).

Study was conducted in a group of 52 patients, 27 male (52%), age of 20-80 (67.0±14.4) years, weight of 53-102 (71.7±12.6) kg.

Indications for surgery were:

� Surgical Myocardial Revascularization (SMR) 19 (36.5%);

� Orovalvar surgery 17 (32.6%), SMR + orovalvar 11 (21.1%);

� Other 2 (3.8%);

� Valvar + other 1 (1.9%);

� Congenital + orovalvar 1 (1.9%);

� Congenital 1 (1.9%).

CPB circuit components were: SP, drive module (Bioconsole 550®, Medtronic, Minneapolis, USA), flowmeter (Bioprobe® TX50, Medtronic, Minneapolis, USA), CPB machine (Macchi, Sao Paulo, Brazil), tube kit with blood filter (Nipro Medical, Sorocaba, Brazil), Vital adult membrane oxygenator (Nipro Medical, Sorocaba, Brazil) (in 18 cases) and Quadrox adult oxygenator - Softlibe Coating and adult hemoconcentrator - HPH 1000 (Maquet, Germany) (in 34 cases).

All clinical evaluation procedures were performed by the same surgeon, principal investigator, and two perfusionists to maintain reliable results.

Routine procedures for cardiac surgeries were used, such as general anesthesia with endotracheal intubation for pulmonary ventilation, assessment of body temperature by an esophageal thermometer, assessment of average medial arterial pressure (MAP) by catheterization of peripheral arterial line and central venous pressure (CVP) by catheterization of central vein, urinary catheterization to evaluate urinary flow and heart rate monitoring with specific monitor.

The exposure of the heart was performed by median thoracotomy and, after systemic heparinization (5 mg/kg), CPB was installed by the ascending aorta or femoral artery for oxygenated blood intake from the oxygenator, pumped by the SP, and, from the right atrium, with single cannula or selective of higher and lower cava to drain venous blood toward the membrane oxygenator reservoir to CO2/O2 exchange.

After CPB initiation and stabilization of metabolic and perfusion parameters with esophageal temperature around 32ºC, pulmonary ventilation was stopped and the perfusionist, every 5 minutes, took balance notes from MAP, CVP, diuresis, temperature, flow and occasional events. As usual, at the beginning, middle and end of the procedure, samples for laboratory tests were collected (blood gases, A/V, K+, Na+, hematocrit, glucose) that were used as standard for possible therapeutic interventions during the procedure. The anticoagulation control during CPB were performed by measuring Activated Coagulation Time (ACT) in an activated coagulation monitor MCA2000 (Adib Jatene Foundation, Sao Paulo, Brazil), trying to keep it above 500 seconds. At the end of CPB, reversion of heparin was performed with protamine sulfate, as previously established standard. Completing the surgical procedure, the patient was taken to Postoperative Recovery Unit under mechanical ventilation, ECG monitoring and MAP, diuresis and temperature controls.

In order to evaluate the interactions between SP and blood, specific investigated parameters in this study were: LDH (U/L), fibrinogen (g/L), platelet count (no/mm3), ACT (seconds) and the urinalysis tape in pre CPB (5 minutes before), every 15 minutes during the procedure and after CPB (5 minutes after infusion) in all patients in the operating room before being referred to the Postoperative Recovery Unit.

For subsequent evaluation, ACT was determined for the period that preceded the CPB, during (30, 60, 90 and 120 minutes) and after anticoagulation reversing at the end of the procedure.

All patients have been previously contacted by researchers in the preoperative period, according to surgery schedule, and were told about the study objectives, risks and benefits, in accordance to Informed Consent Statement signed by each participant of the Clinical Evaluation Protocol, No. 4072 of April 5, 2011, approved by IDPC's Research Ethics Committee.

Statistical analysis

Describing patient samples, attendance and percentage were used for qualitative variables and average, standard deviation, median and interquartile range for quantitative variables.

Two-tailed Fisher's exact tests were made for qualitative variables and Kruskal Wallis for quantitative ones. For the variables that have association (P<0,05) in the Kruskal Wallis tests, multiple comparisons were made (2 by 2 tests), through the non parametric Turkey method, to verify which groups are different between themselves.

ANOVA non-parametric tests were also performed, with time being the only factor, with n greater than or equal to 5. Charts profiles were used with 95% confidence intervals for the averages.

 

RESULTS

Time of CPB ranged from 30 to 240 (111.2±47.7) minutes in all cases and no problem was observed during perfusion outcome.

There are 12 graphs in Figure 4 with observed parameters from device clinical evaluation. First graph shows rotational speed of SP during CPB, always related to weight (body surface area) for each patient, small variations between 2000 - 2500 rpm were observed. The flow provided by SP (second graph) shows oscillations from 3.7 to 3.3 L/min with a higher standard deviation at final moments during the procedure.




[image: Fig. 4 - Chart with observed]



Considering as appropriate the MAP value of 60 mmHg during CPB, we observed that the curve oscillates right below this level with higher standard deviation at final moments during the procedure (third graph), this fact has not caused any organic damage due to the lowering of esophageal temperature near 30ºC, reducing the metabolic and perfusion requirements. Urinary volume generated during CPB varied around 150 ml at first moments, decreasing around 100 ml from 30 to 150 minutes (fourth graph). Related to laboratory data, we emphasize that all time scales of the following graphs ranged from pre CPB, 0-120 minutes and post CPB.

The pH values ranged close to normal values of 7.45 (fifth graph), with larger oscillation after 75 minutes until the end of the procedure. The Sodium (Na) levels (sixth graph) ranged below 139 mg/L and increased after 90 minutes of perfusion, maintaining this level until the end of the procedure, so did the Potassium (K) levels (seventh graph). As expected, the hematocrit (Ht) showed significant decrease after perfusion initiation, this is due to hemodilution imposed by oxygenator priming, usually with saline solutions, and remained around 30% until 105 minutes, increasing at the end of the procedure (eighth graph), the same occurs to hemoglobin (Hb) values (ninth graph). Blood glucose (tenth graph) varied around 130 mg/L initially to levels near 200 mg/L at final moments of CPB and considering infusion of serum glycosylated during anesthesia.

ACT analysis (eleventh graph) shows adequate levels of anticoagulation during procedure, ranging from 1500 to 1800 seconds. Finally, free hemoglobin analysis from urine, which represents the mechanical trauma impact to the blood (twelfth graph), shows levels close to 0 within 90 minutes, when we observed an increase of values from 0 to 1 with increased standard deviation, common fact observed at the end of CPB.

Considering the values of lactic dehydrogenase, we observed an increase of the medians ranging between 500-770 IU/L (Figure 5 and Chart 1). The levels of fibrinogen showed a decrease of medians between 130-100 mg/dl (Figure 5 and Chart 2), both proportional to higher CPB time. Related to number of platelets (Figure 5 and Chart 3), the medians ranged between 240,000/m3 for the 0 to 60 minutes of CPB group and 20,000/mm3 for the 0 to >120 minutes group, denoting small traumatic impact to the blood.




[image: Fig. 5 - Box Plot with observed]



The values of lactic dehydrogenase (VN 305UI/L) in pre CPB ranged between 238-994 (427.6±134.5) and post CPB between 380-1954 (926.7±350.1) IU/L. Fibrinogen values (VN 200-400 mg/dl) before CPB ranged between 164.2 to 403.2 (267±56.4) and after CPB between 145.5 to 439.3 (215.3±48.1) mg/dl, and Platelet (VN 150000-400000/mm3) showed before CPB between 103000-307000 (209.100±64.900/mm3) and after CPB between 66000-233000 (146,000 ± 43,000/m3).

Figure 5 shows the Box Plot analyzing the percentage of Lactate Dehydrogenase (Chart 1), fibrinogen (Chart 2) and Platelet Count (Chart 3) for three groups of patients, a CPB group from 0 to 60 minutes, a group from 0 to 120 minutes and a group with time above 120 minutes, observing the expected results for this procedure.

There were no immediate deaths, observing ICU stay ranged from 1 to 4 (average 2.4) days. One patient remained 13 and another remained 44 days for presenting postoperative complications that required intensive controls, the patients in question were diabetic and smokers, complicating the postoperative period. One death occurred on the 1st postoperative day due to bleeding by clotting disorder.

Patients were discharged from 3 to 14 (average 6.5) days and only one remained for longer due to postoperative complications and for being diabetic and smoker, and was discharged on the 61st postoperative day in good condition.

 

DISCUSSION

During the project development, the rapid prototyping process helped to make possible the construction and assembly of different SP models in a short period of time, moreover, allowed cost reduction in the manufacture of disposable product process, to avoid costly manufacturing of different plastic injection molds.

Various changes were performed to hydrodynamically test the performance curves (pressure x flow), showing that, for each prototype, changes in pumping characteristics were made, until we reach the most efficient one, that has been selected for clinical use[4,5].

While developing the design of medical products, such as blood pumps for CPB, patients can be adversely affected by the use of devices that may cause high levels of plasma free hemoglobin, especially in the postoperative period. Therefore, the project is based on consistent in vitro and in vivo tests that can generate product with good acceptance and competitiveness for clinical application[6].

Structural characteristics of a blood pump are important in determining its hydrodynamic performance and blood trauma. Often, small structural changes cause large changes to the results, as shown in this work[6].

Currently, roller pumps are used in cardiac surgery and centrifugal pumps for severe cases. The roller pump is widely used due to low cost, easy usage and simplicity, its flow is linear with slight pulsatility, but generates high negative pressure when sucking blood to the CPB circuit, which can cause major blood damages[10]. Centrifugal pumps, mostly imported, have higher costs, so they are not often used. The development of a blood pump with national technology and low cost will enable more often usage in public and private hospitals.

During CPB, the flow, provided by a centrifugal pump, depends on the motor rotational speed and on the pump output pressure that depends on the pressure drop of CPB circuit and on its after load. Thus, when the peripheral resistance of the patient increases, the blood pressure will increase also, causing decrease in the pump flow. This is a self-compensatory effect that does not happen in peristaltic roller pumps. Roller pumps provide a constant flow for a fixed rotation of the motor, in other words, independent of blood pressure. So, if an increase in peripheral resistance of the patient occurs, the blood pressure will rise too much, causing risks to the patient[11].

Compression of blood between collapsed structures, heating, friction during pumping, irregular surfaces, turbulent flows, the stagnation flow and the rapid pressure variations are among the main mechanisms of trauma in these devices.

Hemolysis is always a reason for conducting research for development of blood pumps, it is impossible to avoid it completely, so maintaining close to normal values found in the literature is necessary[11].

Group under study consisted of adult patients undergoing cardiac surgery with conventional CPB and SP as blood pump. In the procedures, perfusions during heart surgery were followed from pre CPB to post CPB and, in this period, the operating data of SP, such as rotational speed, blood flow, vibration and noise were controlled and were considered satisfactory according to standards for cardiac surgery. The flow data, comparing to the theoretical flow calculated for each patient, were within our expectations and attending the needs for perfusion during surgery, demonstrating that SP is suitable for perfusion of adult patients.

Physiological and laboratory parameters such as diuresis, mean arterial pressure, temperature and blood gas data were recorded. The selected as hemolysis indicators were hemoglobin and hematocrit, which were satisfactory by means of comparison with normal and expected post-perfusion values found in the literature[11].

In the case of hemoglobin, analysis over time shows that this parameter tends to fall after the first fifteen minutes of perfusion, stabilizing below the reference value and returning to normal after the end of perfusion. The same occurs with the hematocrit, which, before CPB, presents mean values very close to normal minimum value, but still shows higher than expected during perfusion and after CPB.

In most cases, there was no free hemoglobin (Hb) in urine and its presence in urine was seen only in cases over 115 minutes of perfusion. Specific parameters to this study, Lactate Dehydrogenase, Platelets and Fibrinogen, have its analysis performed according to pefusion time. We noted that time has a direct influence on the increase of LDH and decreased platelets and fibrinogen, these parameters are indicators of hemolysis. But the values found are still acceptable for the post CPB, which means that the pumping system was adequate without traumatic impact.

It is important to say that hemolysis mechanically caused is not only a consequence from SP usage, but is a result of a whole perfusion system that includes the pump, arterial filter, oxygenator, hemoconcentrator and plastic tubes.

Cardiac surgery techniques and perfusion time were varied and the SP performance showed suitable for all cases relating to easy rotation/flow adjustment by the perfusionist and noise or vibration absence.

The results from this study demonstrate that the perfusion system with the usage of SP showed changes for indicative parameters within acceptable values and satisfactorily under the requirements for its application in cardiac surgery, being able to be applied safely.
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ABSTRACT

INTRODUCTION: A feature of dilated cardiomyopathy is the deformation of ventricular cavity, which contributes to systolic dysfunction. Few studies have evaluated this deformation bearing in mind ventricular regions and segments of the ventricle, which could reveal important details of the remodeling process, supporting a better understanding of its role in functional impairment and the development of new therapeutic strategies.

OBJECTIVE: To evaluate if, in basal, equatorial and apical regions, increased internal transverse perimeter of left ventricle in idiopathic dilated cardiomyopathy occurs proportionally between the septal and non-septal segment.

METHODS: We performed an anatomical study with 28 adult hearts from human cadavers. One group consisted of 18 hearts with idiopathic dilated cardiomyopathy and another group with 10 normal hearts. After lamination and left ventricle digital image capture, in three different regions (base, equator and apex), the transversal internal perimeter of left ventricle was divided into two segments: septal and not septal. These segments were measured by proper software. It was established an index of proportionality between these segments, called septal and non-septal segment index. Then we determined whether this index was the same in both groups.

RESULTS: Among patients with normal hearts and idiopathic dilated cardiomyopathy, the index of proportionality between the two segments (septal and non-septal) showed no significant difference in the three regions analyzed. The comparison results of the indices NSS/SS among normal and enlarged hearts were respectively: in base 1.99 versus 1.86 (P=0.46), in equator 2.22 versus 2.18 (P=0.79) and in apex 2.96 versus 3.56 (P=0.11).

CONCLUSION: In the idiopathic dilated cardiomyopathy, the transversal dilatation of left ventricular internal perimeter occurs proportionally between the segments corresponding to the septum and free wall at the basal, equatorial and apical regions of this chamber.

Descriptors: Ventricular Remodeling. Cardiomyopathy, Dilated. Heart Failure.



 


RESUMO

INTRODUÇÃO: Uma das características da cardiomiopatia dilatada idiopática é a deformação da cavidade ventricular, a qual contribui para a disfunção sistólica. Poucos trabalhos julgam importante a avaliação dessa deformação ventricular levando em consideração regiões e segmentos do ventrículo, o que pode revelar detalhes importantes do processo de remodelamento, dando suporte a um melhor entendimento do seu papel no comprometimento funcional e ao surgimento de novas estratégias terapêuticas.

OBJETIVO: Verificar se, em regiões diferentes, o aumento do perímetro transversal da câmara ventricular esquerda na cardiomiopatia dilatada idiopática ocorre de maneira proporcional entre o segmento septal e o não septal (parede livre).

MÉTODOS: Foi realizado um estudo anatômico com 28 corações adultos. Um grupo foi constituído por 18 corações com cardiomiopatia dilatada idiopática e outro grupo com 10 corações normais. Em três regiões diferentes (base, equador e ápice), o perímetro interno transversal do ventrículo esquerdo foi dividido em dois segmentos: septal e não septal. Foi criado um índice de proporcionalidade entre esses segmentos. Em seguida verificou-se se esse índice era o mesmo entre os grupos.

RESULTADOS: Entre corações normais e portadores de cardiomiopatia dilatada idiopática, o índice de proporcionalidade entre os dois segmentos (septal e não septal) não apresentou diferença significativa nas três regiões analisadas.

CONCLUSÃO: Na cardiomiopatia dilatada idiopática, a dilatação transversal do septo é proporcional à dilatação da parede livre nas regiões basal, equatorial e apical da câmara ventricular esquerda.

Descritores: Remodelação Ventricular. Cardiomiopatia Dilatada. Cardiomiopatias. Insuficiência Cardíaca.



 

 

INTRODUCTION

Dilated cardiomyopathy (DCM) is the most common among the primary diseases of the myocardium and is featured, in special, by dilation of one or both ventricles and systolic dysfunction[1]. This is a very interesting model inside a current context of major interest in studies that correlate shape and function of the cardiac pump. The geometrical alterations due to dilation observed in DCM can cause severe functional impairment[2]. Several authors have studied the effects of these alterations in the left ventricle and developed theories that could explain the reasons for this functional impact. Through exams such as magnetic resonance, for example, verified the influence of geometrical alteration, tending to sphericity, affecting the ventricular torsion during systole or even the ventricular relaxation globally decreasing the cardiac pump performance[2-5].

However, few studies have evaluated the ventricular chambers splitting them into segments, or observing the changes in size in different places inside the chambers, thus seeking for understanding the real complexity of the geometrical changes in the ill heart. These can give support to the deepening of studies about the influence of the geometrical deformation on cardiac performance as well as the development of more accurate techniques to provide a reverse remodeling[6-8].

In this context, the aim of this study is to evaluate if, in different regions, increased transverse perimeter of left ventricular chamber in idiopathic dilated cardiomyopathy occurs proportionally between the septal and non-septal segment (free wall), in order to confirm the hypothesis that dilation occurs proportionally between these segments.

 

METHODS

The selection of the anatomical specimens used and the analysis of results used the current classification system, proposed by the World Health Organization (WHO) and the International Society and Federation of Cardiology (ISFC)[9]. The Commissions of Science and Ethics from The Heart Institute (Instituto do Coração (InCor)) and Ethics for Research Projects Analysis (CAPPesq from the Hospital das Clínicas staff and Faculdade de Medicina da Universidade de São Paulo) approved the studies (protocols no. 2803/06/048 and 501/06, respectively).

Materials

Twenty-eight adult hearts (obtained from necropsy of normal individuals or patients with dilated cardiomyopathy) fixed in 10% formaldehyde were divided into 2 groups, based on their anatomopathological reports. The first group consisted on 18 hearts with idiopathic dilated cardiomyopathy (DCM), from which 13 (72.22%) were originated from male individuals. The hearts weight ranged from 358 to 942 grams, with an average of 595.44 grams. The age ranged from 26 to 64 years old, with an average of 42.44 years old. The exclusion criteria for DCM were: ischemic coronary disease and/or LV aneurisms, congenital heart abnormalities, valve abnormalities, myocardial infiltrative disease, previous heart surgery and the previous use of pacemaker or resynchronization therapy and/or circulatory assist devices. The second group called NORMAL consisted of 10 cardiomyopathy-free hearts, from which 9 (90%) originated from male individuals. The age ranged from 29 to 70 years old, with an average of 51.4 years old. The weight of those hearts ranged from 212 to 338 grams, with an average of 280.4 grams. The inclusion criteria for the NORMAL group were: non-related cardiopathy causa mortis, specimens without macroscopic alterations, particularly valvulopathies, weight up to 340 grams, age between 18 and 75 years old and anatomopathological report certifying normality.

Longitudinal axis measurement and specimen slicing

The longitudinal axis of the heart was measured as follows: with the aid of a millimeter ribbon, a line was drawn near the posterior interventricular sulcus, starting from the atrioventricular sulcus towards the apex. Over this line three dots were marked and used as an anatomic division of the left ventricle (Figure 1):




[image: Fig. 1 - Posterior view]



- The equatorial dot at 50% the distance from the atrioventricular sulcus to the apex

- The basal dot 20% far from the atrioventricular sulcus

- The apical dot 80% far from the atrioventricular sulcus

Over the established dots, the transversal section of specimens was proceeded using an electric knife and the following regions were obtained: BASAL, EQUATORIAL and APICAL.

Digital image capture of transversal cuts

The regions originated from the sections were placed on a plain surface of a table, with its basal cut facing upward (Figure 2). The table was equipped with a steel holder to fix a digital imaging device ("Sony Cybershot" model, 3.2 megapixels) to allow the digital image capture of specimens so that those pictures could be obtained from a capture plan precisely placed perpendicularly to the surface. Next to each specimen and as tall as its basal face a centimeter ruler was placed (to be used for calibration purposes on the measurement software). Each region was identified with a small paper tag placed next to it, containing its respective identification.
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Computerized digital imaging measurement method

With these digital images, the left ventricular chamber internal perimeter was measured using the software Image Tool for Windows, version 3.00, developed by The University of Texas Health Science Center, USA, disregarding the trabecular relief. The right ventricular chamber vertices were used as a reference to delimitate and measure (in cm) the segment related to the interventricular septum (septal segment - SS), considering the remaining as non-septal segment (NSS) (Figure 2). To analyze the proportionality between segments, the value obtained by the NSS measurement was divided by the SS value in each specimen, thus obtaining the NSS/SS ratio. The values were compared between both groups, corresponding to the ventricular region analyzed (basal, equatorial and apical).

Statistical analysis

The descriptive analyses for the quantitative data with normal distribution were performed, showing the mean values along with their respective standard deviations. The condition for normal distribution in each group was evaluated with the Shapiro-Wilk test. The Student's t-test was used to perform comparisons between NORMAL and DCM groups. A type-I error probability (α) of 0.05 was considered in every inferential analyses. The inferential and descriptive statistical analyses were performed by using the SPSS software, version 17 (SPSS 17.0 for Windows).

 

RESULTS

The null hypothesis was test taking into consideration that the proportionality between NSS and SS in each LV slice region would be the same between both groups. The mean values for the variables measured in both groups, as well as the NSS/SS ratio are displayed in Table 1. The NSS/SS ratios calculated for the normal hearts were 2 for the base, 2.2 for the equator and 3 for the apex. Therefore in the base, equator and apex, the free wall is respectively 100%, 120% and 200% bigger than the septum. Likewise, the NSS/SS ratios calculated for the dilated hearts were 1.9 for the base, 2.2 for the equator and 3.6 for the apex. Thus, in the base, equator and apex, the free wall on dilated ones is respectively 90%, 120% and 260% bigger than the septum. In the statistical analysis comparing the NSS/SS ratios in the basal, equatorial and apical regions of both groups no significant difference was found (P=0.46, P=0.79 and P=0.11, respectively). Figure 3 represents this analysis.
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Figure 3 shows that in the comparison analysis of the NSS/SS ratio mean values in the three ventricular regions between NORMAL and DCM no statistically significant differences were found (P>0.05).

 

DISCUSSION

Methodology

In spite of the constant technological innovations that allow higher and higher accuracy of the structure and in situ cardiac function assessment a lot of factors still bring important limitations to these methodologies, as it occurs in the cine nuclear magnetic resonance imaging that, despite providing an excellent anatomical definition among tissues, it cannot be used in some situations, such as in patients with uncompensated heart failure who do not tolerate the apnea needed for the exam and others who would eventually suffer from claustrophobia, as well as arrhythmia carriers and in those who make use of brain metal implants, pacemaker or cardioversor - defibrillator[10,11]. Therefore, for the proposed evaluation, the anatomical method was chosen, as it still presents the best way to study the left ventricular geometry[2]. The trabecular relief exclusion during ventricular chamber perimeter measurement does not change significantly the values checked[7].

Ventricular Geometry

The importance of the geometrical study and its impact on the heart functioning as a pump can be demonstrated by Laplace's law (T=P.pR, where T=tension or ventricular muscle strength, P=intracavitary pressure, P=3.1416, R=chamber radius)[12]. It clarifies the interrelationship between the ventricle shape and the forces exerted on it.

Several studies have pointed out the ventricular sphericity as the main cause of lower heart performance on DCM[3,4,13], bringing a simplistic view to the existing phenomena in this pathology. With the aim of searching a better detailing of this process, the choice was to analyze the left ventricle in segments rather than considering it a spatial geometric figure. It was shown previously that each segment presents distinct behavior during the ventricular remodeling process[7].

Possible applications

The surgical strategies developed so far aiming at reestablishing a "physiological geometry" in the LV do not take enough into consideration this distinct segmental behavior of the left ventricle remodeling process. The first technique performed in non-ischemic cardiopathy, developed by Batista et al.[12] based on the perception of the clinical improvement in patients submitted to aneurysmectomies and cardiomyoplasties, took into consideration the total increase in the ventricular chamber, applying Laplace's theory, and consisted of a muscle slice removal from the LV lateral wall. Other techniques that seek to provide the geometry restructuring (Dor, SAVE, Overlapping) reinforce that this logic is true. However, these once again derive from the usual understanding of such geometrical alteration behavior (the sphericity theory). Transoperative mortality, myocardial infarction risk and cardiomyopathy progression after these procedures were problems pointed out[14-17], a fact that perhaps has discouraged further studies.

In the development of surgical strategies, besides the doubts about the LV dilation behavior throughout its longitudinal axis (basal, equatorial and apical regions) there are also those related to the proportion of the septal wall dilation versus non-septal or free wall. The understanding of the segmental geometrical alterations in DCM can help determine the prognostic and allow the application of early therapeutic measures, even in more accurate interventions that may cause directly a more anatomic remodeling of the left ventricular chamber[2,12,18].

In general, when establishing the surgical strategies to remodel the distorted LV in idiopathic DCM we should take into account the arrangement of the myocardial fibers[18,19] as well as the restoring or maintenance of proportion rates among regions (base, equator and apex)[7] and LV segments (septum and non-septal or free wall). We do not know how important the morphological relationship between the septum and non-septal or free wall is to LV performance.

As this relationship is kept in DCM, we assume that the surgical strategies for LV geometry restoring in this disease might contemplate not only the normal anatomic relationship reestablishment among the perimeters of basal, equatorial and apical regions[7], but also the maintenance of the relationship between the septum and non-septal or free wall, that is, in the case of ventriculectomies, it could be supposed to be more cautious to exclude the proportional segments from the septum and free wall instead of just, as performed so far, taking out segments from the free wall or even septum or free wall disproportional segments. Therefore, it is clear that the understanding of the segmental geometrical alterations in DCM can help determine the prognosis and allow the application of early therapeutic measures, also in more accurate interventions that directly cause a more anatomic remodeling of the left ventricular chamber[2,12,18].

 

CONCLUSION

In idiopathic dilated cardiomyopathy, the left ventricular chamber perimeter transversal dilation occurs proportionally between the segments corresponding to the septum and the free wall, in the basal, equatorial and apical regions of this chamber.
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ABSTRACT

OBJECTIVE: Evaluate the addition of long-distance heart procurement on a heart transplant program and the status of heart transplant recipients waiting list.

METHODS: Between September 2006 and October 2012, 72 patients were listed as heart transplant recipients. Heart transplant was performed in 41 (57%), death on the waiting list occurred in 26 (36%) and heart recovery occurred in 5 (7%). Initially, all transplants were performed with local donors. Long-distance, interstate heart procurement initiated in February 2011. Thirty (73%) transplants were performed with local donors and 11 (27%) with long-distance donors (mean distance=792 km±397).

RESULTS: Patients submitted to interstate heart procurement had greater ischemic times (212 min ± 32 versus 90 min±18; P<0.0001). Primary graft dysfunction (distance 9.1% versus local 26.7%; P=0.23) and 1 month and 12 months actuarial survival (distance 90.1% and 90.1% versus local 90% and 86.2%; P=0.65 log rank) were similar among groups. There were marked incremental transplant center volume (64.4% versus 40.7%, P=0.05) with a tendency on less waiting list times (median 1.5 month versus 2.4 months, P=0.18). There was a tendency on reduced waiting list mortality (28.9% versus 48.2%, P=0.09).

CONCLUSION: Incorporation of long-distance heart procurement, despite being associated with longer ischemic times, does not increase morbidity and mortality rates after heart transplant. It enhances viable donor pool, and it may reduce waiting list recipient mortality as well as waiting time.

Descriptors: Heart Transplantation. Donor Selection. Cardiomyopathies.



 


RESUMO

OBJETIVO: Mostrar a incorporação da captação a distância em um programa de transplante cardíaco e a situação dos receptores em fila após a organização deste sistema.

MÉTODOS: Entre setembro de 2006 e outubro de 2012, 72 pacientes foram incluídos na fila de transplante cardíaco. Transplante cardíaco foi realizado em 41 (57%), óbito em fila em 26 (36%) e melhora clínica em 5 (7%). Inicialmente, todos os transplantes foram realizados com captação local. Em fevereiro de 2011, teve início a captação a distância interestadual. Foram realizados 30 (73%) transplantes com captações locais e 11 (27%) em outros estados (distância média=792 km±397).

RESULTADOS: Pacientes submetidos à captação à distância tiveram maior tempo de isquemia fria (212 min±32 versus 90 min±18; P<0,0001). A taxa de disfunção primária de enxerto (distância 9,1% versus local 26,7%; P=0,23) e de sobrevida atuarial em 1 mês e 12 meses (distância 90,1% e 90,1% versus local 90% e 86,2%; P=0,65 log rank) foram similares entre os grupos. Houve expressivo aumento na capacidade do centro em transplantar (64,4% versus 40,7%, P=0,05) com tendência a redução de tempo em fila de espera (mediana 1,5 mês versus 2,4 meses, P=0,18). Houve ainda tendência a redução na mortalidade em fila de espera (28,9% versus 48,2%, P=0,09).

CONCLUSÃO: A incorporação da captação a distância, apesar de associada a tempos prolongados de isquemia, não aumenta a morbimortalidade após o transplante cardíaco e aumenta o pool de doadores viáveis, podendo diminuir a mortalidade em fila e o tempo de espera por um órgão.

Descritores: Transplante de Coração. Seleção do Doador. Cardiomiopatias.



 

 

INTRODUCTION

Heart transplantation is the treatment of choice in end-stage heart failure patients with refractory optimized medical treatment, with no possibility of cardiomyopathy cause reversal. Transplant prolongs survival and substantially enhances quality of life. However, there are multiple limiting factors which make it inaccessible for most heart failure patients.

In 2012, heart transplantation was responsible for only 19.8% of the population requirements in Brazil[1], and this negative scenario has been constant for the last decade despite the efforts of all Brazilian certified transplant teams. Certainly, the paucity of viable donors for heart transplant is the main limiting factor worldwide[2], and it is not different in Brazil. As a consequence, there are direct impact on recipient waiting list status, characterized by prolonged waiting times and greater mortality prior to transplant, due to the fact that an important proportion of patients are in priority state, in cardiogenic shock with inotrope dependency and/or mechanical assist device use.

Besides that, there are regional differences, as well as local particularities. At Instituto de Cardiologia do Distrito Federal[3], in a previous analysis of recipient waiting list from 2006 and 2011, the mortality prior to transplant was remarkably elevated (39%) due to lack of viable donors (74% of donor refusal) which was related to logistics issues on long-distance procurement in 46.7% and cardiac dysfunction in 22.1%. These numbers stimulated the development of a program of interstate long-distance heart procurement in order to increment our transplant capacity, reducing our waiting list times and mortality prior to transplant.

The aim of this study was to show the addition of a long-distance heart procurement system on the heart transplant waiting list status.

 

METHODS

Between September 2006 and October 2012, 72 patients (52 adults and 20 children) in stage D heart failure were listed as heart transplant recipients. Heart transplant was performed in 41 (57%), death on the waiting list occurred in 26 (36%) and myocardial recovery occurred in 5 (7%). Initially, all transplants were performed with local donors. In February 2011, the program of interstate long-distance heart procurement was initiated. Thirty (73%) transplants were performed with local donors and 11 (27%) with long-distance ones.

All donors were evaluated with confirmed cerebral death (two neurologic exams with documented absence of cerebral blood flow or cerebral activity) and informed familial consent. Decision of acceptance of a donor involved a clinical assessment, electrocardiogram, chest x-ray, echocardiogram and determination of serum markers of myocardial necrosis. Those donor with age superior to 40 years old were submitted to coronary angiogram. The following criteria were not considered an absolute contraindication to donor refusal: previous history of cardiac arrest, active infection, dyalisis dependent renal failure, severe electrolytic and acid base disturbances, as well as elevated vasopressor infusion. All local donors were assessed and procured in the same hospital where the transplant was performed. Transplants with long-distance donors required complex logistics, organized hospital work and coordinated air and land transportation. Long-distance donors were located in Goiânia/GO (3 times), São Paulo/SP (3 times), Rio de Janeiro/RJ (twice), Ribeirão Preto/SP (once), Sorocaba/SP (once) and Campo Grande/MS (once). The mean distance was 792 km±397. Interstate transportation was achieved with military airplanes nine times and commercial airplanes twice. Transportation within cities was by helicopters, ambulances or private cars. Coordinated action between procurement and implant teams was crucial in minimizing cold ischemic times.

The cardioplegic solution used in the donor heart was St Thomas, hearts were transported in sterile plastic bags filled with chilled saline solution packed in thermic coolers with packed ice in it. Bicaval technique was the transplant technique performed in all patients.

Pre, intra and postoperative profiles were prospectively collected and stored in electronic database. Patient clinical outcomes were followed up longitudinally. The study was approved by the Institutional Review Board according to Helsinki's law.

Statistical analysis

Categorical variables were expressed by frequencies and percentages and continuous variables by means and standard deviation or with 95% confidence intervals. Comparison between categorical variables were analyzed by chi square test, and between continuous variables by Student's t test and Wilcoxon, when applicable. Longitudinal temporal events were analyzed by the Kaplan Meier method and log rank test was used to determine possible differences among groups.

 

RESULTS

Transplant recipient profiles

Table 1 shows demographic, clinical, echocardiographic and hemodynamic characteristics of the two study groups. There were no significant differences between them. The basic profile of this population is of relatively young patients, in the forth decade, predominantly males and in funcional class III. For the most part, they had type A and O blood groups, with Chagas and dilated cardiomyopathy, with no sensitization and favorable hemodynamic profiles to transplant.
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Intraoperative and postoperative periods

Heart transplants with long-distance donors had greater ischemic times (212 min±32 versus 90 min±18; P<0.0001), as opposed to lesser aortic crossclamp times during implant (45 min±8.6 versus 69 min±17; P=0.0003).

Primary graft dysfunction, characterized by cardiac dysfunction on echocardiography in addition to clinical and hemodynamic signs of low cardiac output syndrome despite optimal medical treatment occurred in 9.1% of the long-distance donors and in 26.7% of the local donors (P=0.23). Intensive care unit stay was similar (P=0.68) in heart transplant recipients with long-distance donors (9.5 days average, 95%CI 5 - 15.5) and with local donors (8 days average, 95%CI 6.75 - 11.5). The same pattern occurred with total postoperative length of stay (long-distance donors: 36 days average, 95%CI 30 - 46; local donors: 39 days average, 95%CI 29 - 56; P=0.71).

Cold ischemic timing did not determine greater hospital mortality. Ischemic times were similar between patients that died as well as in survivors (137 min±79 min versus 122 min±58 min, P=0.5).

Actuarial survival, as shown in Figure 1, was similar among groups at 1 month and 12 months, respectively [long-distance donors 90.1% (95%CI 81.4% - 98.8%) and 90.1% (95%CI 81.4% - 90.1%) versus local donors 90% (95%CI 84.5% - 95.5%) and 86.2% (95%CI 79.8% - 92.6%); P=0.65 (log-rank test)].
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Situation on the waiting list

There was a marked increase in the number of heart transplants with the addition of a long-distance procurement program. The number of transplants went from 15 (in 52 months) to 26 (in 22 months). The higher number of transplants determined changes in heart transplant waiting list status. Effective heart transplant rate on the waiting list increased from 40.7% to 64.4% (P=0.05). Moreover, there was a tendency of survival benefit on the waiting list, mortality decreased from 48.2% to 28.9% (P=0.09). There was also a tendency of decrease in waiting list time for a transplant (with an average of 1.5 month versus 2.4 months, P=0.18).

 

DISCUSSION

This paper described the importance of a long-distance heart procurement program and changes on heart transplant recipient status that happened later on.

We described that long-distance procurement can be done with good results if it is organized, with adequate logistics and optimal team coordination aiming a short cold ischemic time. Even working with prolonged ischemic times related to long-distance transportation, we verified that careful myocardial protection, effective heart decompression on procurement and organ preservation at low temperatures during transport are essential to transplant success. That was proved by lower primary graft dysfunction rates, similar intensive care unit and postoperative length of stays, independent of the ischemic time. An excellent actuarial survival post-transplant at 12 months stresses those concepts above.

Results from international registries bring some evidence that risk of mortality post heart transplant is maximized when it is performed above 4 hours of ischemic time, with long-term negative impact on survivors[2,4]. Those findings have relation to greater determination of low molecular weight serum myosin in the first week after transplant in prolonged ischemic time patients. Another important issue is the reperfusion injury on myocyte after ischemia. Mechanisms are well known, and it includes oxidative stress activation, of leukocytes, intracellular calcium influx, microcirculation disturbances and sympathetic activation[5]. However, we did not observe a direct relationship between cold ischemic time and mortality using conventional myocardial protection techniques as used in cardiac surgery.

On the other hand, some groups[6-9] have neglected this 4-hour "time limit", in order to enhance transplant viability, especially in priority state patients and in children in which the lack of donors is even more pronounced. Lesser aortic crossclamp time in our study means that we cannot waste any time during surgery in order to minimize ischemic time. For instance, we routinely perform pulmonary artery and superior vena cava anastomoses on the beating heart, particularly when using the long-distance donors.

There are a great range of myocardial protection solutions on the market and modes of infusion in heart transplant[10-12]. However, there is controversy on the superiority of one solution over the others. In our study, we used the same cardioplegic solution in local and long-distance procurements with no differences in clinical outcomes besides small denominator. The technology of ex vivo perfusion is a promising field, and it is being developed. It may effectively preserve donor heart during prolonged transportation because avoids ischemia, anaerobic metabolism and reperfusion injury[13,14].

The most important message of this paper is that you may increment the heart transplant center volume by incorporating a long-distance procurement program and as a consequence enhancing the heart donor pool. Implications on the waiting list are direct and very positive, leading to lesser waiting list time for transplant and lesser mortality before the transplant.

Those concepts are fundamental nowadays. The number of recipients is constant and growing because of advanced heart failure is the final path of all cardiomyopathies. Transplant obviously does not fulfill all the demand of recipients. The international registry[2] and the Brazilian registry[1] clearly show a plato in the number of transplants in the last decade, and the main reason for that is the lack of donors. Issues related to that are low notification of potential donors, lack of familial consent, lack of interest of intensive care teams in donor maintenance, and prioritizing kidney and liver procurement.

A skewed distribution of transplant centers in the Brazilian territory favors an underutilization of donors in remote areas of the country, which is unacceptable. Better distribution of centers across the country would expand heart transplantation in Brazil, as well as an optimal donor utilization[15]. Finally, organizing logistics related to long-distance procurement in Brazil must be a priority. This is a field that our country lags behind the successful experiences in North America and Europe that have had routine organized systems that allows optimal donor utilization and consequently multiply transplant centers capacity.

Limitations of the study

Firstly, this is a coorte study with prospectively collected data and its inherit limitations. The two study groups were not contemporary, and it may influence results due to the fact that gain of experience might occurred with time, especially when long-distance procurement has commenced. We did not obtain detailed donor characteristics, which it might determined a non-significant increase in primary graft dysfunction on the local donor group. As a matter of fact, the latter could have received most of the marginal donors.

 

CONCLUSION

Long-distance donor procurement, despite being associated with prolonged ischemic times, does not increment morbidity and mortality after the transplant. It enhances viable donor pool, and it may reduce recipient's mortality and waiting list times. It is particularly useful for priority patients.
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ABSTRACT

OBJECTIVE: To analyze the psychological evaluations of patients with heart failur waiting for heart transplantation.

METHODS: The data were obtained from patient records containing pre-surgery psychological evaluations performed by psychologists from the multidisciplinary cardiology team. The evaluation protocol included the Quality of Life Questionnaire (SF-36), Beck Depression Inventory, and an interview script.

RESULTS: The results of psychological evaluations performed between 2004 and 2012 for 60 candidates for heart transplantation were analyzed: 43 men and 17 women aged between 16 and 66 years (Mean=45.18; SD=11.91), predominantly from the São José do Rio Preto area (São Paulo state, Brazil) (83%), with incomplete elementary education (68%), and who were in stable relationships (73%). Although women presented higher mean scores for depression (21.41) than men (14.61), there was no significant difference between genders. Women's quality of life was impaired in all domains compared to men (below 50%) and was significantly poorer in the physical functioning (P=0.01), vitality (P=0.00), emotional role functioning (P=0.04), and mental health (P=0.02) domains.

CONCLUSION: Patients with psychosocial vulnerability (e.g., depression) identified before transplantation should receive psychological treatment.

Descriptors: Heart Transplantation. Psychology, Clinical. Behavioral Medicine. Patient Care Team.



 


RESUMO

OBJETIVO: Analisar protocolos de avaliação psicológica de pacientes portadores de insuficiência cardíaca, candidatos a transplante cardíaco.

MÉTODOS: Os dados da avaliação foram obtidos junto ao arquivo de avaliações psicológicas realizadas pré-cirurgia pelos psicólogos que integram a equipe multidisciplinar de Cardiologia. O protocolo de avaliação inclui o Questionário de Qualidade de Vida - SF-36 o Inventário Beck de Depressão e um roteiro de entrevista.

RESULTADOS: Foram analisados os resultados das avaliações psicológicas de 60 pacientes candidatos a transplante cardíaco no período entre 2004 e 2012: 43 homens e 17 mulheres, com idade entre 16 e 66 anos (M=45,18 dp=11,91), 83% provenientes da região, com ensino fundamental incompleto (68%) e união estável (73%). Embora as mulheres tenham apresentado escores mais altos para depressão (21,41) em relação aos homens (14,61), não houve diferença significante entre os gêneros. A qualidade de vida das mulheres mostrou-se prejudicada em todos os domínios (abaixo de 50%) e esse prejuízo foi significantemente inferior aos homens na capacidade funcional (P=0,01), vitalidade (P=0,00), aspectos emocionais (P=0,04) e saúde mental (P=0,02).

CONCLUSÃO: Pacientes com vulnerabilidades psicossociais identificadas no pré-transplante (ex. depressão) devem receber atendimento psicológico.

Descritores: Transplante de Coração. Psicologia Clínica. Medicina do Comportamento. Equipe de Assistência ao Paciente.



 

 

INTRODUCTION

Heart transplantation aims to improve the life expectancy and quality of life of patients with end-stage heart failure. Although the medical criteria of indication/contraindication for transplantation are well defined, the psychosocial criteria, which also affect the results of the procedure, are more difficult to determine[1-7].

Patients on the heart transplantation waiting list often experience a period of "physical and psychological instability"[1]. Clinical worsening, difficulties in daily activities, impairments in cognitive and social functioning as well as in emotional well-being, and elevated symptoms of depression and anxiety are frequently observed[8,9].

For many patients, the heart transplantation evaluation means the end of a long time living with deteriorating health and the beginning of a new treatment modality. While there is hope for the future, it is necessary to face surgery; despite the risks, the procedure means a chance to survive[1].

The pre-transplantation psychological evaluation aims to investigate the presence and history of mental disorders (e.g., substance abuse, mood disorders), coping style, presence of a social support network, and comprehension of the disease and the procedure. The questions to be answered by the psychological evaluation are described in the literature, and the instruments used may vary among different transplantation centers[2,3,5]. The purpose of this evaluation is not to exclude candidates but rather to identify candidates who need guidance and/or psychotherapeutic intervention to improve their quality of life before and after the transplantation[10]. In general, psychological evaluation reveals the psychosocial status of patients through data that can support interventions performed not only by psychologists but also by other professionals. Thus, the objective of this study is to analyze data from the psychological evaluation protocols of patients with heart failure waiting for heart transplantation at Hospital de Base (Base Hospital), São José do Rio Preto Medical School (Faculdade de Medicina de São José do Rio Preto - FAMERP), São Paulo state, Brazil, between 2004 and 2012.

 

METHODS

The project was submitted and approved by the FAMERP Research Ethics Committees (protocol no. 03213212.0.0000.5415) on June 12, 2012.

The data were obtained from patient records containing the pre-surgery psychological evaluations performed by psychologists from the multidisciplinary cardiology team between 2004 and 2012. The sample size corresponds to the number of patients evaluated during this period and is justified by the relatively low frequency of heart transplantations performed at the Institution. The psychological evaluation protocol includes the Quality of Life Questionnaire (SF-36)[11], the Beck Depression Inventory[12], and an interview script. The SF-36 is a generic self-reporting instrument consisting of 36 items that assess eight domains of quality of life: physical functioning, physical role functioning, bodily pain, general health, vitality, social role functioning, emotional role functioning, and mental health. Higher scores (total score or score of each domain evaluated) indicate a better quality of life[11]. The Beck Depression Inventory is also a self-reporting instrument widely used to assess the presence and severity of symptoms of depression in adults. It consists of 21 items, and the total score measures the severity of the symptoms of depression presented (0-11: minimum; 12-19: mild, 20-35: moderate, 36-63: severe)[12].

The data were analyzed using descriptive statistics and the Mann-Whitney test with P<0.05.

 

RESULTS

The data from 60 patients who underwent psychological evaluation between 2004 and 2012 (Table 1) were assessed. The comparisons of the mean Beck Depression Inventory scores between men and women and between single patients and patients in a relationship are presented in Table 2. Mean quality of life scores and their comparison between genders are presented in Table 3.
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DISCUSSION

The majority of the patients evaluated were male (71.66%) and aged between 36 and 66 years. According to DATASUS (Department of Informatics of the Unified Health System-SUS), the majority of heart failure hospitalizations occurs in elderly patients, with ages of 60 years or higher, followed by patients in the age range of 20-59 years[13]. However, the indication for heart transplantation in other age ranges is associated with factors such as etiology and progression of the disease[14], as observed in this study as well as in a study conducted by Helito et al.[13].

The majority of the patients evaluated were from cities in the São José do Rio Preto area. The Base Hospital provides tertiary care for this area, which comprises 101 municipalities and a population of two million inhabitants. Because the Base Hospital is a reference institution for organs and tissue transplantations, a high concentration of patients from the area is expected.

Elementary school was the most frequent educational level among the patients evaluated (71.6%), and the predominant occupations were associated with manual labor (e.g., mason, farm worker) and thus consistent with the educational level of the sample. This finding is similar to results from other studies[13] performed at the Institution and most likely reflects the profile of patients assisted through the Unified Health System (Sistema Único de Saúde - SUS)[4,8,13]. The low educational level is a factor that can affect treatment adherence because it can impair the comprehension of important aspects of the disease and its management[13,15]. However, another study conducted at the same Institution revealed that the heart transplantation survival rate was not different between patients with low and middle socio-cultural status[16]. According to the authors, this result is associated with the social support network available to the patients, which consists of caregivers, non-governmental organizations, and the Unified Health System itself [16].

Regarding relationship status, 73.3% of patients reported being in a stable relationship. These data are important for treatment because family support is crucial for the care associated with the transplantation. The family members will share the suffering and joy associated with treatment and will also support the patient throughout the entire process. Therefore, the family members should also receive care from the healthcare system, as the caregiver role is associated with stress overload[13,17,18].

The mean depression score was higher in women (21.41) than in men (14.61), although there was no significant difference. This finding is consistent with the literature, which indicates that after puberty, the prevalence of depression in women is twice the prevalence in men[19-21]. Several explanations have been suggested for this fact. Nolen-Hoeksema[20] cites two main aspects identified in studies on this topic: 1) women usually have less power than men and therefore experience certain traumas (e.g., sexual abuse) and other chronic stressors (e.g., poverty, bullying, and restriction of opportunity) more frequently; 2) even when men and women are exposed to the same stressors, women are more vulnerable to depression due to biological differences.

Approximately 20% of patients with cardiovascular diseases exhibit depression, which in turn is an important predictor of morbidity, mortality, and poor quality of life[22,23]. Thus, psychological treatment (with or without antidepressant medication, depending on the severity) has been recommended for patients with cardiovascular disease and depression. Among the high quality clinical trials that evaluate psychotherapeutic treatments of depression, Cognitive Behavioral Therapy (CBT) presented positive results[22]. The time when these patients start psychotherapy after the cardiac event can also influence the treatment outcome. However, studies aiming to clarify the proper time to start the psychotherapy, the variables of the psychotherapeutic process itself, and the patient characteristics (e.g., gender) are still needed[22]. It seems that one of the most important problems of the association between cardiovascular disease and depression is that the latter is underdiagnosed[24]. The pre-surgical psychological evaluation is an important tool for the diagnosis of depression among heart transplant patients.

The pre-transplant quality of life can be hampered by the worsening of the symptoms and therefore by the difficulties in performing activities of daily living and the associated emotional damage[13,25].

In this study, women presented worse quality of life than men in all domains assessed by the SF-36. This difference was significant in the physical functioning, vitality, emotional role, and mental health domains. Differences in quality of life between men and women, with greater impairment observed in women, have been consistently reported in both the Brazilian and international literature on patients with cardiovascular diseases[26,27]. It is recognized that there are important differences "between women and men with regard to the function and progression of diseases of the cardiovascular system"[27]. Thus, it is necessary to identify these differences to provide adequate treatment according to gender differences. One of these differences, also identified in this study, is that women are more vulnerable to depression. In addition to the need for research on this subject with Brazilian patients, it is very important to have interdisciplinary teams that evaluate the specific needs of each patient within a biopsychosocial health model to provide adequate treatment.

The absence of a global and interdisciplinary analysis of patients leads to a poorer quality of services and consequently increases the costs of the disease not only for the patient, family, and society but also for the entire healthcare system.
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ABSTRACT

INTRODUCTION: Peripheral muscle strength has been little explored in the literature in the context of cardiac rehabilitation.

OBJECTIVE: To evaluate the peripheral muscle strength of patients undergoing elective cardiac surgery.

METHODS: This was a longitudinal observational study. The peripheral muscle strength was measured using isometric dynamometry lower limb (knee extensors and flexors) at three different times: preoperatively (M1), the day of discharge (M2) and hospital discharge (M3). Participants received physiotherapy pre and postoperatively during the days of hospitalization during the morning and afternoon.

RESULTS: Twenty-two patients were evaluated. The values of peripheral muscle strength of knee extensors preoperative found were about 50% lower than those predicted for the healthy population. When comparing muscle strength prior (M1), with the remaining evaluation, found himself in a fall of 29% for the movement of knee extension and 25% for knee flexion in M2 and a decrease of 10% movement for knee extension and 13% for knee flexion in M3 when comparing with M1.

CONCLUSION: The values of peripheral muscle strength prior of the study patients were lower than predicted for the healthy population of the same age. After the surgical event this reduction is even more remarkable, being reestablished until the time of discharge, to values close to baseline.

Descriptors: Muscle Strength. Muscle Strength Dynamometer. Heart Diseases.



 


RESUMO

INTRODUÇÃO: A força muscular periférica tem sido pouco explorada na literatura atual no contexto da reabilitação cardiovascular.

OBJETIVO: Avaliar a força muscular periférica de pacientes submetidos à cirurgia cardíaca eletiva.

MÉTODOS: Trata-se de um estudo observacional e longitudinal. A força muscular periférica foi mensurada por meio de dinamometria isométrica de MMII (extensores e flexores de joelho) em três momentos distintos: pré-operatório (M1), dia da alta da unidade de terapia intensiva (M2) e dia da alta hospitalar (M3). Os participantes receberam atendimento fisioterapêutico pré e pós-operatório durante os dias do internamento, nos períodos matutino e vespertino.

RESULTADOS: Foram avaliados 22 pacientes. Os valores de força muscular periférica de extensores de joelho pré-operatórios encontrados foram cerca de 50% menores do que os preditos para a população saudável. Ao comparar a força muscular prévia (M1), com os demais momentos de avaliação, encontrou-se em M2 queda de 29% para o movimento de extensão do joelho e 25% para o movimento de flexão de joelho e queda de 10% para o movimento de extensão do joelho e 13% para o movimento de flexão de joelho em M3 ao comparar com M1.

CONCLUSÃO: Os valores de força muscular periférica prévia dos pacientes do estudo foram menores do que o predito para a população saudável com a mesma faixa etária. Após o evento cirúrgico, essa redução é ainda mais notável, sendo reestabelecida até o momento da alta hospitalar a valores próximos ao basal.

Descritores: Força Muscular. Dinamômetro de Força Muscular. Cardiopatias.



 

 

INTRODUCTION

Cardiovascular diseases are responsible for high rates of morbidity and mortality in Brazil and in the world[1]. For treatment of many of these cardiac conditions, surgery is the main resource[2]. Although very safe, heart surgery is a procedure considered large and is accompanied by the need for general anesthesia, cardiopulmonary bypass, mechanical ventilation and relative restriction to bed rest[3].

The heart disease patients showed loss of functional capacity resulting from decreased oxidative capacity of skeletal muscle and reduced muscle perfusion, such loss being aggravated in case of hospitalization for bed rest, impacting loss of peripheral muscle function[4]. Peripheral muscle strength (PMS) can be considered as a predictor of overall muscular strength, and is associated with functional and nutritional presentation[4]. The PMS is of great interest to cardiac rehabilitation, but it has been little explored in the current literature[5].

The aim of this study was to assess peripheral muscle strength in patients undergoing elective heart surgery.

 

METHODS

Study design

This is a pilot, observational, longitudinal study performed at the Fundação de Beneficência Hospital de Cirurgia (FBHC) in the city of Aracaju - SE. The patients' assessments were performed at three time points: preoperatively (a day before surgery) (M1), on the 1st day after ICU discharge (M2) and the day of discharge (M3), in the form of lower limb isometrics.

All study participants received physiotherapy (physical and respiratory therapy), in the pre- and postoperative periods, twice a day for every day of hospitalization in the morning and afternoon. The treatment protocol included: breathing exercises (ventilatory), lung re-expansion maneuvers, bronchial hygiene, postural drainage, exercises to prevent deep vein thrombosis, deambulation, walking up and down stairs, active-assisted and active kinesiotherapy of upper and lower limbs, and muscle stretching. The rehabilitation protocol followed the guidelines of the Brazilian Consensus on Cardiovascular Rehabilitation[6].

Study Population

Patients were recruited from a tertiary hospital of Cardiology between September and November 2012. Patients undergoing elective cardiac surgery (both genders and aged between 18 and 80 years) were eligible for this study. Inclusion criteria were: absence of neurocognitive decline or dementia that could influence the process of communication, absence of musculoskeletal disorder and previous pulmonary diseases (chronic obstructive pulmonary disease), presence of hemodynamic instability (Mean Arterial Pressure >60 mmHg), dyspnea with oxygen saturation less than 90%. The patient, who refused to sign the Written Informed Consent and those who had the time of stay in the ICU more than 7 days were excluded from the study.

This research protocol was approved by the Research Ethics Committee of our institution (CAAE nº 01521012.2.0000.0058). All patients signed a written informed consent prior to participation in this research.

Data collected from medical records

Clinical history, diagnosis, vital signs, type of surgery, total days ofhospital and ICU stay, time of cardiopulmonary bypass and mechanical ventilation time were collected, as well as the patient's characteristics involved in the study (Table 1).
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Assessment of peripheral muscle strength

The PMS was assessed at three different time points: preoperatively (day before surgery) (M1), on the 1st day after ICU discharge (M2) and the day of discharge (M3), in the form of isometrics for extension and flexion of the right and left knees. The instrument used in this assessment was the portable digital dynamometer, IMPAC®, IP-90DI model with scale in kgf, associated with an anatomical adapter for better coupling of the lower end segment[7].

In the assessment of knee isometric strength was observed muscle performance in flexion and extension, bilaterally. The procedure followed in the following standardization: the patient remained seated, hips at 90º of flexion and abduction at shoulder width. Patients performed the movements required under verbal command of the evaluator, exerting a continuous isometric force for 5 seconds. Three independent measurements and with one-minute interval between them for each movement and collection of averaging of such measurements were performed. The digital dynamometer remained leaning against a flat surface in order to maintain the stability of the instrument under the pressure exerted by the subject at the time of isometrics. Patients were instructed not to perform the Valsalva maneuver. The analgesic therapy in the study patients was standardized.

Statistical analysis

Data arepresented as mean and standard deviation. The data presented normal behavior (Shapiro Wilk test) and for the analysis of PMS at different times, we used one-way ANOVA test and Bonferroni post-test with 95% confidence interval. We consider the level of less than 5% (P<0.05) significance. For statistical analysis we used SPSS (Chicago IL, USA) version 13.0.

 

RESULTS

In this study, 31 patients were listed for surgery of which 22 met the inclusion criteria. Nine patients were excluded and 22 were assessed until the end of the study (Figure 1, Table 1).




[image: Table 1. Characteristics of the study]



Concerning body composition of the sample, BMI (Body Mass Index) had values classified as normal weight (37.5% men, 64.29% women), overweight (50% men, 14.29% women) and obesity grade 1 (12.5% men, 21.42% women). All subjects were considered physically inactive with respect to the level of physical activity after submission to the specific questionnaire.

The preoperative values of peripheral muscle strength for knee extension found in study patients (3.5±8.94) were nearly 50% lower than predicted for the healthy population
with the same mean age (18.2±2.3)[8].

There was a 29% reduction in the PMS for the movement of knee flexion in the interval between assessments of M1 (7.06±2.8), CI=(3.30, 14.50) and M2 (5.29±1.9) CI (2.55, 10.67) (P=0.056). Comparing M1 and M3 (6.35±2.4), CI=(3.05, 12.82) there is still a deficit of PMS of 10% for movement of knee flexion (P=0.99).

For movement of knee extension, there was also a 25% reduction of M1 (8.94±3.5), CI=(5.10, 20.45) for M2 (6.34 ± 2.24), CI=(2.34, 11.92) (P=0.016) and further reduction of 13% when comparing M1 with M3 (7.74±3), CI=(3.91, 17.19) (P=0.057) (Figure 2).
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DISCUSSION

The main finding of our study was the reduction in muscle strength of the lower limbs of patients undergoing elective cardiac surgery procedure.

Some studies have reported that postoperative complications of cardiac surgery may contribute to the increased staying time of intensive care unit[3], especially respiratory and metabolic complications[9]. Nevertheless, decrease in postoperative functionality of these patients has been reported[10].

Among the postoperative respiratory complications, one aggravating factor is the loss of respiratory muscle strength[11], but so far, it is unknown whether such loss is also reproduced in peripheral muscle strength.

Peripheral muscle force (PMS) can be regarded as a predictor of overall muscular strength, and is associated with functional and nutritional presentation of the patient[12,13]. Nevertheless, the PMS has been little explored in the literature, especially in the context of complications from surgery, the reason why the study was proposed.

Diffuse neuromuscular abnormalities have been reported in 50% of patients admitted to the ICU after staying on mechanical ventilation, with the primary clinical sign the physical deconditioning and muscle weakness[14].

Immobility in bed following surgical procedures, the use of cardiopulmonary bypass (CPB) and mechanical ventilation, the pain caused by sternotomy and saphenectomy, the presence of drains and venous access, peripheral edema, among other factors, are conditions that limit mobility in bed and consequently the functionality[6].

It is known that the functionality of cardiac patients can be severely limited by the reduction of muscle mass and strength, decreased oxidative capacity and a significant deficit in blood flow affecting the energy intake to the muscle[6].

In the present study, after ten days, on average, CABG patients were discharged from hospital (M3) and currently has detected an increase in the PMS values compared to the values listed in M2, demonstrating loss of only 10% when compared with M1.

Even with the limitation of the study, taking into consideration the design and duration of patient follow-up, it is not possible to identify the causes of incomplete restoration of PMS in patients postoperatively, but it is noteworthy that the patients had a good recovery of strength muscle, which was demonstrated by the absence of significant differences when comparing the previous values with the day of discharge.

However, it is clear that the moment of greatest restriction on the bed (due to the drains, access and pain) is closely linked to the largest deficit in muscle strength (M2), emphasizing the need for early inclusion of this patient in cardiac rehabilitation protocols with supervised physical exercise.

Limitations of the study

The fact that this was a pilot study limits the interpretation of some data. Even in the absence of a gold standard for assessment of peripheral muscle strength, dynamometry is an effective, practical and reproducible method has demonstrated in the literature[15].

 

CONCLUSION

Patients undergoing cardiac surgical procedures may present reduction in peripheral muscle strength in the immediate postoperative period, with a tendency to gain strength in subsequent days until the day of discharge.
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 ABSTRACT

OBJECTIVE: This study aims to investigate whether pre-operative Homeostasis Model Assessment Insulin Resistance (HOMA-IR) value is a predictor in non-diabetic coronary artery bypass grafting patients in combination with hemoglobin A1c, fasting blood glucose and insulin levels.

METHODS: Eighty one patients who were admitted to Cardiovascular Surgery Clinic at our hospital between August 2012 and January 2013 with a coronary artery bypass grafting indication were included. Patients were non-diabetic with <6.3% hemoglobin A1c and were divided into two groups including treatment and control groups according to normal insulin resistance (HOMA-IR<2.5, Group A; n=41) and high insulin resistance (HOMA-IR>2.5, Group B; n=40), respectively. Pre-operative fasting blood glucose and insulin were measured and serum chemistry tests were performed. The Homeostasis Model Assessment Insulin Resistance values were calculated. Statistical analysis was performed.

RESULTS: There was a statistically significant difference in fasting blood glucose and HOMA-IR values between the groups. Cross-clamping time, and cardiopulmonary bypass time were longer in Group B, compared to Group A (P=0.043 and P=0.031, respectively). Logistic regression analysis revealed that hemoglobin A1c was not a reliable determinant factor alone for pre-operative glucometabolic evaluation of non-diabetic patients. The risk factors of fasting blood glucose and cardiopulmonary bypass time were more associated with high Homeostasis Model Assessment Insulin Resistance levels.

CONCLUSION: Our study results suggest that preoperative screening of non-diabetic patients with Homeostasis Model Assessment Insulin Resistance may improve both follow-up visit schedule and short-term outcomes, and may be useful in risk stratification of the high-risk population for impending health problems.

Descriptors: Atherosclerosis. Blood Glucose. Cardiopulmonary Bypass. Insulin Resistance. Perioperative Care. Prediabetic State.



 


RESUMO

OBJETIVO: Este estudo tem como objetivo investigar se a resistência de valor do Modelo de Avaliação da Homeostase da Resistência à Insulina (Homeostasis Model Assessment Insulin Resistance - HOMA-IR) no pré-operatório é um preditor de revascularização do miocárdio para pacientes não diabéticos em combinação com a hemoglobina A1c, glicemia em jejum e insulina.

MÉTODOS: Oitenta e um pacientes que foram internados no serviço de Cirurgia Cardiovascular em nosso hospital entre agosto de 2012 e janeiro de 2013, com indicação para cirurgia de revascularização do miocárdio indicação foram incluídos. Os pacientes não diabéticos com <6,3% de hemoglobina A1c foram divididos em dois grupos, incluindo os grupos de tratamento e controle de acordo com a resistência à insulina normal (HOMA-IR <2,5, Grupo A, n=41) e alta resistência à insulina (HOMA-IR> 2,5, Grupo B, n=40), respectivamente. Glicemia de jejum pré-operatório e insulina foram medidas e testes de química do soro foram realizados. Os valores de HOMA-IR foram calculados. A análise estatística foi realizada.

RESULTADOS: Houve diferença estatisticamente significativa em jejum de valores de glicose no sangue e HOMA-IR entre os grupos. Tempo de pinçamento e tempo de circulação extracorpórea foi maior no grupo B, em relação ao Grupo A (P=0,043 e P=0,031, respectivamente). A análise de regressão logística revelou que hemoglobina A1c não foi um fator determinante para a avaliação confiável sozinho glicometabólico pré-operatória de pacientes não diabéticos. Os fatores de risco de glicemia de jejum e tempo de circulação extracorpórea foram associados com altos níveis do HOMA-IR.

CONCLUSÃO: Nossos resultados sugerem que a triagem pré-operatória de pacientes não diabéticos utilizando o HOMA-IR pode melhorar tanto o cronograma de acompanhamento quanto resultados de curto prazo, e pode ser útil na estratificação da população de alto risco para iminentes problemas de saúde.

Descritores: Atesclerose. Glicemia. Ponte Cardiopulmonar. Resistência à Insulina. Assistência Perioperatória. Estado Pré-Diabético.



 

 

INTRODUCTION

The cardiovascular risk is increased in individuals, who are non-diabetic, but have elevated insulin and glucose concentrations[1,2]. Elevated insulin and glucose concentrations which are likely to be pro-atherogenic are directly associated with insulin resistance[3,4]. Molecular studies have shown that insulin resistance plays a major role in all stages of atherosclerosis[5]. It promotes atherosclerosis and coronary artery diseases, while metabolic factors such as dyslipidemia, hypertension, and obesity may also contribute to the development of cardiac problems[3,6]. Recently, some authors have suggested that diabetes mellitus (DM) is the measured tip of a much larger 'dysglycemic iceberg'[7]. There is growing evidence that dysglycemia, irrespective of DM history, is associated with adverse outcomes including prolonged hospitalization and higher mortality in coronary artery bypass grafting (CABG) patients[8,9].

The prevalence of prediabetes was estimated as 13.9% (4.1 million) among the population aged >35 years in 2007/2008 in Turkey[10]. A large-scale study performed in Turkey revealed that impaired glucose tolerance (IGT) was increased from 6.7% to 13.9% (approximately 14 million patients) in the adult population over 20 years of age in a 12-year period[11,12]. To overcome this impending health problem, guidelines and expert consensus documents for practicing physicians have been developed by the World Health Organization, American Diabetes Association (ADA), European Society of Cardiology (ESC) and European Association for the Study of Diabetes (EASD)[13,14]. However, there are several studies questioning the discriminative power of predictors when they are used alone[15]. In a recent study, hemoglobin A1c (HbA1c) has been shown to be intervened by hemoglobinopathies and any condition which reduces erythrocyte survival or decreases mean erythrocyte age. Although oral glucose tolerance test is accepted as the gold standard for DM today, it is costly, time-consuming, labor-intensive, and impractical for DM screening[15,16].

Homeostasis Model Assessment Insulin Resistance (HOMA-IR) is a validated and frequently used marker of insulin resistance. It incorporates both glucose and insulin concentrations to represent insulin resistance, which promotes atherosclerosis through endothelial dysfunction due to altered insulin signaling in endothelial cells[17]. As a result, it may be more strongly associated with cardiovascular disease than glucose or insulin concentrations, alone[3,6].

In this study, we aimed to investigate whether pre-operative HOMA-IR value is a predictor in non-diabetic CABG patients when used in combination with HbA1c, fasting blood glucose (FBG) and fasting blood insulin (FBI) levels.

 

METHODS

Study Population

This randomized, prospective clinical study included 81 of 557 patients who were admitted to Cardiovascular Surgery Outpatient Clinic at Kartal Kosuyolu Training and Research Hospital between August 2012 and January 2013 with a CABG indication. Patients who neither were previously diagnosed with type 2 diabetes nor on any type of diabetic treatment were screened for HbA1c values. According to 2010 ADA guidelines for HbA1c identification, patients with an HbA1c value of <6.3% were included [14]. Diabetic patients were excluded due to the high mortality and morbidity rates in this population. Patients were divided into two groups: Group A consisted of 41 patients with normal insulin resistance (HOMA <2.5), while Group B consisted of 40 patients with high insulin resistance (HOMA-IR>2.5).

The study was performed in accordance with the principles of Declaration of Helsinki. The study protocol was approved by Institutional Review Board (IRB) of Kartal Kosuyolu Training and Research Hospital (IRB No: 538.38792-903/6010). Written informed consents, which were obtained from the patients, were confirmed by the IRB.

Data Collection

Blood glucose was measured after 12-hour fasting by using hexokinase method with Olympus AU-640e Chemistry Analyzer (Olympus America Inc., Melville, NY, USA), while FBI was measured by using chemiluminescence method with Siemens Advia Centaur XP Immunoassay System (Siemens Healthcare Diagnostics Inc., NY, USA). The HOMA values were calculated by using either the formula which was described by Matthews et al.[18] (HOMA-IR = insulin (µU/mL) × fasting glucose (mmol/L)/22.5) or using the HOMA calculator website of Oxford University, Endocrinology and Metabolism Centre, Diabetes Trials Unit of Diabetes[19]. The cut-off value of HOMA-IR was considered 2.5[20]. The patients were divided into two groups including treatment and control groups, according to normal insulin resistance (HOMA-IR<2.5, Group A; n=41) and high insulin resistance (HOMA-IR>2.5, Group B; n=40), respectively. Routine pre-operative laboratory tests including FBI and HOMA, and serum chemistry tests were performed. After an overnight fasting, venous blood samples were collected for the measurement of HbA1c level, plasma concentration of glucose, and insulin.

Plasma glucose level was measured by glucose-oxidase method. Hemoglobin A1c was measured by high-performance liquid chromatography, whereas plasma insulin was measured using radioimmunoassay. The patients underwent CABG by our surgical team and using a single technique. Patients were closely monitored intra- and post-operatively for mortality and morbidity.

Statistical Analysis

Statistical analysis was performed using SPSS for Windows v12.0 software (SPSS Inc., Chicago, IL, USA). At baseline, sample size was estimated by statistical analysis to achieve significant results. Power level was 90% to detect a difference between the group proportions (-0.3000). The proportion in Group A (treatment group) was assumed to be 0.1000 under the null hypothesis and 0.4000 under the alternative hypothesis. The proportion in Group B (control group) was 0.1000. Two-sided Z test was used with pooled variance. The significance level of the test was targeted at 0.0500. The significance level actually achieved by this design was 0.0510.

Numerical parameters were expressed in mean, median, standard deviation, and maximum and minimum values. Categorical variables were expressed in numbers and percentages. The Mann-Whitney U test was performed to compare the binary groups in terms of abnormally distributed numerical variables. Cross-table statistics (Chi-square, Fisher, McNemar test) were used to compare categorical variables. Logistic regression analysis was also performed to define risk factors of the disease and to estimate disease probability, when individual characteristics of each patient were known or specific measurements were performed. Analysis of covariance (ANCOVA) was performed to compare the means of numerical variables between the groups. A P value of <0.05 was considered significant.

 

RESULTS

Of the patients, 70 were males and 11 were females. The mean age was 63.3±9.4 years (range, 34 to 81 years). Group A consisted of 41 patients with normal insulin resistance (HOMA <2.5), while Group B consisted of 40 patients with high insulin resistance (HOMA-IR>2.5). Demographic and clinical characteristics of the patients are summarized in Table 1. There was no statistically significant difference in demographic characteristics between the groups, except hypertension (Table 1). There was either no statistically significant difference in the preoperative characteristics of the patients between the groups. Both groups had similar rates for smoking, preoperative stroke, and chronic pulmonary obstructive disease. The number of patients with hypertension was statistically significantly higher in Group B (P<0.049).
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Glucometabolic evaluation demonstrated that fasting blood insulin and HOMA-IR values were statistically significant different between the treatment and control group (both P<0.001). However, no significant change in FBG and HbA1c values was observed between the groups. Cross-clamping time, Cardiopulmonary bypass (CPB) time, and length of hospitalization were longer in Group B compared to Group A, however, only cross-clamping and CPB time reached statistically significance (P=0.043 and P=0.031, respectively) (Table 1).

There was also a significant difference in the mean cross-clamping time, which was refined from covariant impact between the HOMA groups (P=0.009). It was observed that FBG and the number of revascularized vessels during CABG affected cross-clamping time (P=0.002, and P<0.001, respectively). In the logistic regression analysis, HbA1c risk factor was less frequently seen in Group B, compared to Group A. The risk factors of FBG and CPB time were highly associated with high HOMA levels (Table 2).
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There was no statistically significant difference in the postoperative data including inotrope use, postoperative MI, rate of rhythm changes from baseline, the presence of infection, duration of ICU care and length of hospitalization between the groups. Two patients including one in Group A and one in Group B died after surgery due to the low cardiac output.

 

DISCUSSION

In this study, we investigated whether HOMA-IR value was a predictor in non-diabetic coronary CABG patients when used in combination with HbA1c, FBG and FBI levels. Our results showed that HOMA-IR might provide an insight to the glucometabolic states of non-diabetic individuals before CABG surgery, when used in combination with HbA1c, FBG and FBI levels.

With respect to diabetes and aging population of the world, it is certain that more powerful set of tools should be developed for prediabetic individuals to establish effective prevention, management, and treatment options in the following years. Velagalati et al.[21] performed a study in 1603 Framingham Heart Study Offspring participants to elucidate the potential relationship of increasing insulin resistance as well as high levels of insulin and glucose with cardiac structure by using cardiovascular magnetic resonance imaging (CMRI) modality. The authors observed that higher levels of HOMA-IR were related to increasing left ventricular mass indexed to height (LVM)/ht2.7 and left ventricular end-diastolic volume (LVEDV) in both male and females.

Sung et al.[22] performed one of the largest-sized clinical trials in 49,076 normoglycemic healthy Korean subjects to define the possible correlation between insulin resistance and high blood pressure. Based on anthropometric measurements, metabolic variables including FBI and HOMA, and serum chemistry tests, a significant and independent correlation among the level of IR, BMI, waist circumference and systolic BP, diastolic BP, and the prevalence of high BP was reported in normoglycemic subjects. Although the correlation between insulin resistance and hypertension has been a subject of long lasting debate in many studies in the literature, the results of large-sample sized study performed on rather young, non-obese, normoglycemic individuals were quite supportive in favor of the existence of a correlation, as the study revealed increased atherogenic risk factors related to insulin resistance in the study population.

Furthermore, prolonged fasting, which is a physiological condition characterized by muscular insulin resistance in the presence of increased free fatty acid levels, increased fat oxidation and low glucose and insulin levels, is likely to be associated with insulin resistance[23]. The prolonged preoperative fasting also increases the metabolic stress of the surgery and thereby increases insulin resistance and hyperglycemia[24]. Although the exact underlying mechanism remains to be elucidated, defects in transmembrane proteins appear to play an important role[25].

In addition, cross-clamping time, and CPB time were statistically significantly longer in patients with high HOMA-IR values in our study, despite similar data including preoperative demographic characteristics, number of previous bypass surgery, and number of additional cardiac procedures during surgery between the two groups. Although the mean age was not statistically significant between the groups, it was observed that patients who required undergoing CABG with high HOMA levels were 3.3 years younger than those with normal HOMA levels.

We considered that it was clinically significant in the clinical practice. Moreover, the surgical team reported worse quality in the vascular structures in Group B, and the incidence of hypertension was statistically significantly higher in this group. In the light of literature, we concluded that insulin resistance levels might be closely related to coronary vascular pathologies leading to CAD development in our study population. Also, we considered that clinical outcomes of the vascular damage presented itself as hypertension disease, poor vascular quality during operation, and longer cross-clamping and CPB pump time in the operation as well as high HOMA levels, and that, thereby, HOMA might be a reliable variable indicating the underlying problem in patients who were progressing to a more complicated stage of pathogenesis.

Tekumit et al.[26] conducted a prospective study including a total of 166 patients undergoing CABG. Among them, 60% patients without diabetes history were diagnosed with dysglycemia using the OGTT The authors concluded that fasting blood glucose alone was not sufficient to diagnose nearly half of the patients with dysglycemia. They recommended, thus, addition of HbA1c to the preoperative examination schedule. In another study from Korea investigating the relationship between insulin resistance and post-interventional complications in patients undergoing percutaneous coronary intervention, major adverse cardiac events (MACE) were observed within 30 days after the procedure[27].

It was reported that high HOMA-IR value was related to high incidence of complications and short-term MACE even in non-diabetic patients. Furthermore, in another cross-sectional study including 61 patients with DM undergoing coronary angiogram for the evaluation of CAD, Srinivasan et al.[28] found a statistically significant correlation between HOMA-IR value and severity of CAD, as assessed by Gensini score. The authors concluded that HOMA-IR measurement might be helpful in predicting the severity of CAD. In this present study, HbA1c values were increased more in Group A, whereas FBI (P<0.001), and glucose (P=0.094) levels were higher in Group B, as evidenced by the logistic regression analysis.

Review of the literature revealed that insulin resistance was not only a component of glucose metabolism for DM, however, it could also be another missing element in atherosclerosis. We suggested that HOMA-IR might be a reasonable and reliable test for metabolic examination among prediabetic individuals who were referred to a tertiary healthcare center for further diagnosis and treatment of CAD. In our study, it was striking that HbA1c levels were within normal limits in patients with longer cross-clamping time, despite increased HOMA levels. In the light of literature data regarding the possible factors affecting the results of HbA1c levels[20], we concluded that HOMA-IR might be used during prediabetic patient screening in combination with HbA1c thanks to its promising predictive potential, cost-effectiveness, and easy-to-use handling.

Limitations

The major limitation of this study was the small sample size. A larger sample size from multiple tertiary healthcare centers would provide higher statistical power for the outcomes.

 

CONCLUSION

In conclusion, our study results suggest that HOMA-IR is a predictor in non-diabetic CABG patients. We believe that pre-operative screening of non-diabetic patients with HOMA-IR in combination with HbA1c may improve both follow-up visit schedule and short-term outcomes, and may be useful in risk stratification of the high-risk population regarding impending health problems which may likely to be originated from two main chronic diseases: coronary artery disease and diabetes mellitus. However, we believe further studies are required to confirm these findings.
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ABSTRACT

OBJECTIVE: In this study, we aimed to compare clinical outcomes of superior transseptal approach with the conventional left atriotomy in patients undergoing mitral valve surgery.

METHODS: Between January 2010 and November 2012, a total of 91 consecutive adult patients (39 males, 52 females; mean age: 54.0±15.4 years; range, 16 to 82 years) who underwent mitral valve surgery in the Division of Cardiovascular Surgery at Koşuyolu Training Hospital were included. The patients were randomized to either superior transseptal approach (n=47) or conventional left atriotomy (n=44). Demographic characteristics of the patients, comorbidities, additional interventions, intraoperational data, pre- and postoperative electrophysiological study findings, and postoperative complications were recorded.

RESULTS: Of all patients, 86.7% (n=79) were in New York Heart Association Class III, while 12 were in New York Heart Association Class IV. All patients underwent annuloplasty (42.9%) or valve replacement surgery (57.1%). There was no significant difference in pre- and postoperative electrocardiogram findings between the groups. Change from baseline in the cardiac rhythm was statistically significant in superior transseptal approach group alone (P<0.001). There was no statistically significant difference in mortality rate between the groups. Permanent pacemaker implantation was performed in 10.6% of the patients in superior transseptal approach group and 4.5% in the conventional left atriotomy group. No statistically significant difference in bleeding, total length of hospital and intensive care unit stay, the presence of low cardiac output syndrome was observed between the groups.

CONCLUSION: Our study results suggest that superior transseptal approach does not lead to serious or fatal adverse effects on sinus node function or atrial vulnerability, compared to conventional approach.

Descriptors: Atrial fibrillation. Heart Valve Diseases. Postoperative Complications. Heart Atria. Atrial Septum. Electrocardiography.



 


RESUMO

OBJETIVO: O objetivo deste estudo é comparar os resultados clínicos da abordagem septal superior com a atriotomia esquerda convencional em pacientes submetidos à cirurgia valvar mitral.

MÉTODOS: Entre janeiro de 2010 e novembro de 2012, foi incluído um total de 91 pacientes adultos consecutivos (intervalo de 16 a 82 anos, média 54,0±15,4 anos; 39 homens, 52 mulheres) submetidos à cirurgia valvar mitral no Serviço de Cirurgia Cardiovascular no Hospital Training Koşuyolu. Os pacientes foram randomizados para abordagem septal superior (n=47) ou atriotomia esquerda convencional (n=44). Foram registradas características demográficas dos pacientes, comorbidades, intervenções adicionais, dados intraoperatórios, achados do estudo eletrofisiológico pré e pós-operatório e complicações pós-operatórias.

RESULTADOS: Do total de pacientes, 86,7% (n=79) estavam na Classe III e 12 na Classe IV da New York Heart Association. Todos os pacientes foram submetidos à anuloplastia (42,9%) ou cirurgia de troca valvar (57,1%). Não houve diferença significativa nos resultados do eletrocardiograma pré e pós-operatórios entre os grupos. Mudança da linha de base no ritmo cardíaco foi estatisticamente significativa apenas no grupo abordagem septal superior (P<0,001). Não houve diferença estatisticamente significativa na taxa de mortalidade entre os grupos. Marca-passo definitivo foi implantado em 10,6% dos pacientes no grupo abordagem septal superior e em 4,5% dos pacientes no grupo atriotomia esquerda convencional. Não houve diferença estatisticamente significativa no sangramento, tempo total de internação e de permanência na UTI, tendo sido observada síndrome de baixo débito cardíaco entre os grupos.

CONCLUSÃO: Nossos resultados sugerem que a abordagem septal superior não leva a efeitos adversos graves ou fatais em função do nó sinusal ou vulnerabilidade atrial, em comparação com a abordagem convencional.

Descritores: Fibrilação Atrial. Doenças das Valvas Cardíacas. Complicações Pós-Operatórias. Átrios do Coração. Septo Interatrial. Eletrocardiografia.



 

 

INTRODUCTION

Good exposure is mandatory for mitral valve surgery, when the original valve is calcified or a previously implanted mitral prosthesis is removed. Mitral visualization may be insufficient due to the small size of the left atrium and markedly hypertrophic right ventricle. Previous cardiac operations may complicate mitral valve exposure, as adhesions and loss of mobility in the surrounding tissues may be present. In such cases, the conventional left atria1 incision may not offer satisfactory visualization in the surgical site of the valve. Therefore, several alternative approaches have been proposed for satisfactory visualization of the mitral valve intraoperatively[1-5].

Berreklouw et al.[2] and Guiraudon et al.[3] proposed a combined superior-transseptal approach to create a larger operation area which was closer to the mitral valve. Currently, this approach has been adopted by several health care centers[1]. On the other hand, there are possible drawbacks including increased ischemia time, cardiopulmonary bypass (CPB), cross-clamp time, and increased bleeding related to the procedure based on the current clinical experiences[4,5].

Cardiac arrhythmia is one of the main concerns with this procedure. Early atrial tachycardia has been frequently reported[6], while many studies have demonstrated that superior transseptal approach (STA) is commonly associated with sinus node dysfunction[4,7-10].

In this study, we aimed to compare clinical outcomes of STA with the conventional left atriotomy (LA) in patients undergoing mitral valve surgery.

 

METHOD

Patient selection

Between January 2010 and November 2012, a total of 91 consecutive adult patients who underwent mitral valve surgery in the Division of Cardiovascular Surgery at Koşuyolu Training and Research Hospital were included. The patients were randomized at a 1:1 ratio to either STA (Group 1, n=47) and conventional LA (Group 2, n=44). Pacemaker implantation criteria were predefined according to the American College of Cardiology / American Heart Association/the European Society of Cardiology (ACC/AHA/ESC) guidelines[11]. The study protocol was approved by the local Ethics Committee of our institution.

Surgery

Superior transseptal approach

A superior venous cannula was inserted directly from the superior vena cava, while an inferior venous cannula was inserted from inferior vena cava. Caval cannulas were inserted more laterally to the right atrium to avoid the appendage of right atrium. The right atriotomy was performed in parallel to the atrioventricular groove and the incision was carried superiorly to the appendage to meet the superior pole of the interatrial septum, leaving a strip of atrial tissue on the ventricular side to facilitate closure. The retrograde coronary sinus cannulation was performed under vision for the cardioplegia infusion. The aorta was cross-clamped and the heart was arrested with cold blood cardioplegia. The fossa ovalis was incised vertically and the septal incision was carried superiorly to meet the right atriotomy and extended for 2 to 3 cm to the roof of the left atrium. The ventricular side of the septal incision was deflected by two pledgeted sutures which were placed at each pole. After mitral procedure was completed, the left atrial roof was closed primarily with a 3-0 prolene suture to the septum and then the septal incision was closed using another 3-0 prolene suture, starting from the inferior pole of this incision. The air was evacuated from the left side and the aorta was unclamped. The right-sided procedure was carried out when required unclamping the aorta in most cases. The right atriotomy, then, was closed with a 4-0 prolene suture, starting from the two poles to the midpoint of the right atrial wall.

Left atrial approach

A superior venous cannula was inserted from the right atrial appendage, while an inferior venous cannula was inserted from the inferior vena cava. The procedure was performed between the confluence of the right pulmonary veins and the interatrial groove.

Data collection and postoperative patient management

Demographic characteristics of the patients, comorbidities, additional interventions such as coronary artery bypass grafting (CABG), De Vega's annuloplasty (DVA) for tricuspid regurgitation and ring annuloplasty, aortic repair, radiofrequency (RF) ablation, intraoperational data including cross-clamp time, mild hypothermia for myocardial protection, pre- and postoperative electrocardiographic (ECG) findings, postoperative complications including pacemaker implantation and increased bleeding and ischemia time were recorded.

Demographic and clinical characteristics of the patients were collected for both groups at the baseline. During surgery, cross-clamp and CPB time, antegrade arrest/prevention, inotropic support and duration of inotropic use were recorded. The amount of bleeding, need for cardiopulmonary resuscitation (CPR), duration of intubation, the presence of a pacemaker, length of hospital and intensive care unit (ICU) stay, postoperative ECHO on the postoperative 6th day and death events were also recorded following surgery. Patients with post- extubation dyspnea received bronchodilators and mechanical or non-invasive mechanical ventilatory support such as continuous positive airway pressure (CPAP) due to low saturation level and/or decreased partial oxygen pressure.

Statistical analysis

A statistical analysis was performed using SPSS v12.0 software (SPSS Inc., Chicago, Illinois, USA). Descriptive statistics were to analyze the demographic characteristics of the patients. Numerical variables were expressed in mean, median, standard deviation, minimum and maximum values, whereas categorical variables were expressed in numbers and percentages. A P value of <0.05 was considered significant.

Either parametric or non-parametric statistical methods were used according to normal distribution of comparative variables. The Student's t-test was used for numerical variables. This test was also used to compare normally distributed variables between the groups, while the Mann Whitney U test was used to compare abnormally distributed variables. The Wilcoxon test was used to compare pre- and postoperative values. Cross-tabulation was created for categorical variables (Chi -square, Fisher's exact and McNemar test).

 

RESULTS

Of the patients, 39 were males and 52 were females. The mean age was 54.0±15.4 (range, 16 to 82) years. The mean duration of complaints was 1.5±1.1 (range, 0.5 to 10) years. A total of 86.7% (n=79) were in NYHA Class III, while 12 were in NYHA Class IV. A total of 34.1% had diabetes mellitus (DM), 68.1% had chronic obstructive pulmonary disease (COPD), and 11.0% had coronary artery disease (CAD). Demographic and clinical characteristics of the patients undergoing STA or conventional LA are summarized in Table 1.




[image: Table 1. Demographic and clinical]



All patients had annuloplasty (42.9%) or valve replacement (57.1%). A total of 48.9% and 36.4% of the patients had annuloplasty in Group 1 and Group 2, respectively, whereas 51.1% and 63.6% of the patients had valve replacement in Group 1 and Group 2, respectively (P>0.05). Nineteen patients in Group 1 and 29 patients in Group 2 required additional interventions including CABG, DVA for tricuspid regurgitation, aortic repair, and RF ablation. Intraoperative data of both groups are summarized in Table 2. The mean diameter of the left atrium (LA) was 4.6±0.6 cm and 4.3±1.0 cm before and after STA, respectively, indicating a statistically significant difference (P<0.001). There was no statistically significant difference in pre- and postoperative diameters of LA between the groups.
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Postoperative electrophysiological study findings

The mean pulmonary artery pressure (PAP) was 46.0±11.6 mmHg preoperatively and 37.0±9.4 mmHg postoperatively. The PAP values for each study group is shown in Table 3. A statistically significant difference in pre- and postoperative values was observed between Group 1 and Group 2 (P<0.001 and P=0.025, respectively).
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In preoperative and postoperative ECG studies, 78% and 74.2% patients were in sinus rhythm, while 22% and 22.5% had atrial fibrillation, respectively. There was no significant difference in pre- and postoperative ECG findings between the study groups. In Group 1, 32 of 36 patients who were in sinus rhythm preoperatively remained in sinus rhythm, 1 patient had atrial fibrillation, 2 patients were in nodal rhythm, and 1 had blocked rhythm after surgery. Out of 10 patients with preoperative atrial fibrillation, 3 were switched to sinus rhythm and 7 persisted in atrial fibrillation after surgery. In Group 2,25 of 33 patients who were in sinus rhythm before surgery remained in sinus rhythm, whereas 8 patients had atrial fibrillation postoperatively. Out of 10 patients with preoperative atrial fibrillation, 4 persisted in atrial fibrillation, whereas 6 were in sinus rhythm postoperatively (Figure 1). Change from baseline in the cardiac rhythm was statistically significant in STA group alone (P<0.001). Although clinical stages of the patients in Group 1 were more severe than those in Group 2 (patients in NYHA Class IV 25.5% vs. 0%, respectively), mortality rate was similar between the groups (8.7% vs. 4.5% respectively). A permanent pacemaker was implanted in 5 patients (10.6%) in Group 1, whereas in 2 patients (4.5%) in Group 2 (Table 4).
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In the postoperative period, the mean ejection fraction (EF) values were 51.5 ± 14.4% in Group 1 and 40.1 ±12.9% in Group 2. There was a statistically significant difference in postoperative EF values between the groups (P<0.001). Pre- and postoperative mean ejection fractions were 57.2±9.9% and 51.5±14.4% in Group 1, respectively and 57.4±10.0% and 40.1±12.9% in Group 2, respectively. A statistically significant difference in the postoperative ejection fraction values was observed between the groups (P=0.001 and P<0.001 for Groups 1 and 2, respectively). Data are presented in percentages in Figure 2.
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While there was no statistically significant difference in preoperative EF values between Group 1 and Group 2 (P=0.930), a statistically significant difference in post-operative values was observed between the groups (P<0.001) (Table 3). There was no change from baseline in the number of patients with EF 30-50% (n=13 patients). However, 6 of 29 patients in Group 2 had EF>50% after the operation, while 23 remained at the level of EF 30-50%.

Among all patients, pacemaker implantation was performed only in 7 (7.7%) patients, including 5 (10.6%) in Group 1 and 2 (4.5%) in Group 2. The difference between the groups was not statistically significant (P=0.436).

There was no statistical significance in bleeding, total length of hospital and ICU stay, the presence of low cardiac output syndrome between the groups. A total of 6 patients died; 4 of them were in the Group 1. There was no statistically significant difference in the mortality rate between the groups (Table 4).

 

DISCUSSION

Currently, a changing pattern of mitral valve surgery has been gradually evolving. While the incidence of rheumatic mitral disease has been reducing, there is an increasing demand for the correction of mitral insufficiency associated with or without coronary artery disease. These patients have usually small left atria and they are usually scheduled for the operation depending on the coronary artery anatomy, before the left atria have time to enlarge. Moreover, valve replacement surgery is mainly replaced by mitral reconstruction which is performed at earlier stages of the disease thanks to the sophisticated techniques available. Therefore, limited operation area which leads to poor visibility and prevents achieving a better exposure of the mitral valve and subvalvular apparatus during surgery has been one of the main considerations of cardiovascular surgeons.

The STA has been defined as one of new surgical approaches to overcome these problems without compromising treatment success. As cardiovasculars surgeons have increased their experiences in new approaches, they prefer superior transseptal incision for patients who are not in sinus rhythm or those with sinus rhythm for whom the surgeon thinks that technical advantages of the incision outweighs the risk of sinus rhythm loss. Similarly, our study results indicate that STA provides an excellent exposure without significant complications in mitral apparatus compared to the conventional LA.

The sinus node (SN) function and atrial vulnerability after surgery still remain as important considerations with the STA, since the technique involves transecting the SN artery as well as the anterior internodal conduction pathway. While there are a number of published studies in favor of STA in the literature[1-3,5,12,13], many studies reporting potential concerns regarding the SN dysfunction and atrial vulnerability during postoperative period are available[7,10,14,15]. In a study including 52 patients who underwent mitral valve surgery through STA, the authors reported that the number of the patients with sinus rhythm and atrial fibrillation were equal preoperatively. Eleven patients had transient atrial fibrillation or junctional rhythms for approximately 2 weeks postoperatively. After the mean follow-up period of 15±8 months (range, 2-25 months), 25 of 26 patients persisted in sinus rhythm, while 4 patients with preoperative atrial fibrillation showed sinus rhythm at the postoperative 6th month. It was reported that none of the patients required permanent pacemaker implantation due to symptomatic or latent bradycardia as assessed by Holter ECG at the median follow-up time period of 15 months[16].

In our study, we observed favorable changes in ECG results in Group 1, indicating a very low incidence of STA-induced permanent or serious damage, despite the conduction problems and atrial vulnerability in the postoperative period. Depending on our results, we concluded that undesired postoperative events might be decreased by a better operative area exposure, which could also decrease postoperative complications, and increase the success rate of STA. In addition, increasing professional experiences of surgeons and a better understanding of the conduction system at the sinoatrial node would improve pre- and postoperative evaluation process to decide the most appropriate approach considering the clinical presentation of the patient. In the literature, Lukac et al.[17] reported that STA remained an independent risk factor in their study with a large sample size, in which they compared STA with the left atrial method. However, our results indicated similar mortality rates as well as permanent pacemaker implantation between the groups. Thus, it did not increase fatal or permanent clinical outcomes.

Despite possible drawbacks including increased ischemia time, length of hospital stay, CPB, cross-clamp time, and increased bleeding related to the procedure, as previously mentioned, some authors reported no significant difference between the study groups[18,19]. In line with the literature, we observed no significant differences in the amount of bleeding, re-operation, and the length of hospital and ICU stay between the groups in our study. However, intraoperative data revealed that cross-clamp time, CPB time, duration of inotropic use, and respiratory problems were significantly increased in the STA group, compared to the conventional LA group without leading to any severe or unmanageable complications.

In our study, the cross-clamp time and CPB time were longer in STA group, as larger incisions were performed and the closure of the incision was performed in two layers as superior and septal. In addition, STA has been a newly used operation method in our clinic, which might also be another reason for prolonged time. When the additional procedures were reviewed, we concluded that tricuspid ring annuloplasty was most commonly performed in the STA group, whereas DVA was the leading method in the conventional LA group. As DVA is more rapidly performed, we believe it might contribute to significant differences between the procedures.

The STA group mainly consisted of patients in NYHA Class IV including one of them based on the preoperative extracorporeal membrane oxygenation (ECMO). We believe that preoperative demography and ECMO might significantly prolong the duration of inotropic use in STA group, compared to the conventional LA group. Poor baseline characteristics of the patients in STA group might also lead to increased incidence of postoperative respiratory problems. A higher amount of bleeding in STA group which was not statistically significant between the groups resulted in a higher incidence of pleural effusion. We think that pleural effusion might be another cause of respiratory problems in STA group.

Limitations

Our study has also some limitations. Firstly, a multi-center study designed for a larger sample size may provide more conclusive results for subgroup analyses in comparison of the two surgical approaches. Secondly, more detailed preoperative electophysiological studies such as sinus node recovery time (SNRT), sinoatrial conduction time, intraatrial mapping, and calculation of corrected QT dispersion for each patient may offer a better approximation of the SN function postoperatively for each patient and more detailed information regarding the individually-tailored treatment. This would help us for a better elimination of confounding factors while comparing different approaches, as well as improved postoperative evaluations of clinical outcomes.

 

CONCLUSION

Our study results suggest that STA does not increase the incidence of arrhythmia and/or fatal outcomes after mitral valve surgery even in patients with a worse clinical condition.
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ABSTRACT

OBJECTIVE: To show if blood salvage is indicated in all patients submitted to cardiovascular surgery with cardiopulmonary bypass.

METHODS: We studied 77 consecutive patients submitted to cardiac surgery with use of blood salvage and cardiopulmonary bypass from November 2010 to June 2012. The sample was divided in three groups, depending on the time of cardiopulmonary bypass. In group A, the time of cardiopulmonary bypass was smaller than 45, in group B from 45 to 90 and in group C greater than 90 minutes. We analyzed the volume of red cells recovered and infused, the pre, intra and post-operative hemoglobin, the number of packed red cells units which were transfused and hematocrit and hemoglobin blood infused.

RESULTS: The average group age was 60.44±12.09 years old, of whom 71.43% were males. The group A was formed by 5.19% of the patients, B by 81.82% and C by 12.99%. The volume of erythrocytes recovered and infused was respectively 1,360.50±511.37 ml and 339.75±87.71 ml in group A, 1,436.63±516.06 ml and 518.83±183.0 ml in B and 2,137.00±925.04 ml and 526.20±227.15 ml in C. About packed red cells transfusions, in group A 1,00±2,00 packed red cells were transfused, in B 1.27±1.85 packed red cells and in C 2.56±2.01 packed red cells. The infused blood had a hematocrit of 50.97±12.06% and hemoglobin of 19.57±8.35 g/dl.

CONCLUSION: That blood salvage can be used in patients submitted to cardiovascular surgery with cardiopulmonary bypass. However, it is only cost-effective in surgeries in which the time of cardiopulmonary bypass is greater than 45 minutes.

Descriptors: Operative Blood Salvage. Cardiovascular Surgical Procedures. Cardiopulmonary Bypass.



 


RESUMO

OBJETIVO: Avaliar se o uso de recuperadores de hemácias está indicado nos pacientes submetidos à cirurgia cardiovascular com o uso de circulação extracorpórea.

MÉTODOS: Foram estudados 77 pacientes submetidos a cirurgias cardíacas com uso de recuperadores de hemácias e circulação extracorpórea de novembro de 2010 a junho de 2012. A amostra foi subdividida em três grupos, conforme o tempo de circulação extracorpórea. No grupo A ,o tempo de circulação extracorpórea foi menor que 45, no grupo B, de 45 a 90 e, no grupo C, maior que 90 minutos. Analisou-se o volume recuperado e infundido de hemácias, a hemoglobina de pré, trans e pós-operatório, número de unidades de concentrado de hemácias transfundidas, volume globular e hemoglobina do sangue infundido.

RESULTADOS: A idade média, dos pacientes, foi de 60,44±12,09 anos, sendo 71,43% do sexo masculino. O grupo A é formado por 5,19%, o B por 81,82% e o C por 12,99% dos pacientes. O volume recuperado e infundido foi, respectivamente, de 1.360,50±511,37 ml e 339,75±87,71 ml no grupo A, 1.436,63±516,06 ml e 518,83±183,0 ml no B e 2.137,00±925,04 ml e 526,20±227,15 ml no C. Em relação às transfusões de concentrado de hemácias, no grupo A foram transfundidas 1,00±2,00 concentrado de hemácias, no B 1,27±1,85 concentrado de hemácias e no C 2,56±2,01 concentrado de hemácias. O sangue infundido tinha um volume globular de 50,97±12,06% e hemoglobina de 19,57±8,35 g/dl.

CONCLUSÃO: O recuperadores de hemácias podem ser usados em pacientes submetidos à cirurgia cardiovascular com circulação extracorpórea, mas somente em cirurgias com tempo de circulação extracorpórea acima de 45 minutos o reaproveitamento de sangue é custo/efetivo.

Descritores: Recuperação de Sangue Operatório. Procedimentos Cirúrgicos Cardiovasculares. Ponte Cardiopulmonar.



 

 

INTRODUÇÃO

Os recuperadores de sangue operatório ou recuperadores de hemácias (RH) têm sido utilizados por quase 30 anos e têm inovado no campo da autotransfusão. Os RH são usados no intraoperatório para recuperação e readministração de hemácias na grande maioria dos casos, mas podem ser usados também no pós-operatório[1]. Estes sistemas de recuperação de sangue autólogo têm beneficiado, principalmente, os procedimentos cirúrgicos onde ocorrem grandes perdas sanguíneas. O benefício é comprovado por estudos realizados que garantem a segurança e a qualidade do sangue recuperado, além de reduzir significativamente a necessidade de transfusões homólogas durante as cirurgias e principalmente nas cirurgias cardiovasculares[1,2]. É sabido que as transfusões de sangue aumentam a morbidade e mortalidade em pacientes submetidos à cirurgia cardiovascular[3,4].

Riscos associados às transfusões de sangue, como transmissão de vírus, também prontificaram a busca do aprimoramento destes métodos capazes de reduzir ainda mais a exposição dos pacientes ao sangue homólogo.

Outro aspecto, para o uso de RH, está relacionado às convicções religiosas e ao direito de escolha, que têm levado alguns pacientes a recusar a transfusão de sangue ou de seus produtos, em qualquer circunstância. Mas, no sistema de saúde multicultural dos dias atuais, pacientes que solicitam alternativas à transfusão de sangue não são apenas movidos por razões religiosas[1].

Vários estudos mostraram que quando os RH são utilizados ocorre uma redução nas transfusões de sangue em pacientes submetidos à cirurgia cardiovascular[5,6]. No entanto, outros autores relataram que o uso de RH não tem benefício clínico num determinado grupo de pacientes, pois não tem custo-benefício[7] e não reduz a necessidade da transfusão de sangue homólogo[8].

A fim de esclarecer o benefício do RH, este estudo foi realizado com o objetivo de avaliar se a utilização desta técnica está indicada nos pacientes submetidos à cirurgia cardiovascular com o uso de circulação extracorpórea (CEC).

 

MÉTODOS

Este trabalho é um estudo descritivo, prospectivo, realizado no Instituto de Cirurgia Cardiovascular do Oeste do Paraná, em um grupo de 77 pacientes consecutivos submetidos à cirurgia cardiovascular com o uso de CEC e RH, no período de novembro de 2010 a abril de 2012. Foram excluídas deste estudo todos os pacientes submetidos a reoperações. A amostra foi subdividida em grupo A, B e C, conforme o tempo de CEC. No grupo A, o tempo de CEC foi menor que 45, no grupo B, entre 45 e 90 e, no grupo C, maior que 90 minutos.

Todos os indivíduos fizeram uso de hemodiluição parcial e hemofiltração na CEC e foram submetidos à indução anestésica com uso de midazolan e remifentanil e para sua manutenção foi usado o servoflurano. Após esternotomia mediana e confecção das bolsas para canulação, os pacientes receberam heparina na dose de 300 U/Kg, de modo a obter um tempo de coagulação ativado superior a 400 segundos; controles eram realizados a cada 60 minutos. Foi usado também um oxigenador de membrana de adulto (Braile Biomédica, São José do Rio Preto, SP, Brasil), com um volume total de enchimento de 500 ml. Usou-se cardioplegia sanguínea e de infusão anterógrada. O recuperador de hemácias utilizado durante toda a cirurgia foi o autoLog Autotransfusion System (Medtronic, Minesota, USA), e ao final o sangue do sistema de CEC foi processado pelo RH.

O critério para transfusão de concentrado de hemácias (CH) foi de hemoglobina (Hb) abaixo de 8 g/dl ou 9 g/dl quando houve instabilidade hemodinâmica. O número de unidades de plasma, plaquetas e crioprecipitados usados não foram analisados, por não ser o objetivo do estudo. Um hemograma foi obtido antes da cirurgia, na chegada do paciente a unidade de terapia intensiva (UTI), 24 horas após e no dia da alta hospitalar. O volume globular (VG) e Hb foram tabelados, assim como o volume de sangue aspirado pelo RH, o volume de sangue infundido, o número de CH transfundidos, o tipo de procedimento cirúrgico e o tempo de CEC.

O estudo foi aprovado pelo Comitê de Ética da Faculdade Assis Gurgacz, sendo o número do protocolo 154/2012.

Estatisticamente, as variáveis contínuas são representadas pela média e seu desvio padrão, no qual foi usado o teste de Fischer, para analisar as variáveis deste estudo, com um intervalo de confiança de 95%. Utilizamos a estatística nas variáveis idade, sexo, tipo de cirurgia, tempo de CEC, hemoglobina e unidade de concentrado de hemácias transfundidas, para sabermos se o uso de RH está indicado em todos os pacientes submetidos a cirurgia cardiovascular com o uso de CEC.

 

RESULTADOS

A idade dos pacientes variou de 26 a 84 anos, sendo a média de 60,44±12,09 anos. O grupo A foi formado por 5,19% (n=4) de pacientes, o B por 81,82% (n=63) e o C por 12,99% (n=10). A maioria dos indivíduos era do sexo masculino, porém teve predominâncias diferentes em relação aos grupos, sendo, no grupo A, 25,00%, no grupo B, 76,19% e 70,00% no grupo C.

A média do tempo de CEC foi de 35,00±7,66 minutos no grupo A, 65,38±10,31 no B e 112,00±22,79 no C. No grupo A, um paciente foi submetido à cirurgia de revascularização do miocárdio (CRM), um à troca de valva aórtica, um à valvoplastia mitral e um à correção de comunicação interatrial (CIA); no B, 76,19% (n=48) foram submetidos à CRM, 20,63% (n=13) à troca valvar, 1,59% (n=1) à retirada de mixoma de átrio esquerdo e 1,59% (n=1) à correção de aneurisma; no C, 80,00% (n=8) foram submetidos à CRM e 20,00% (n=2) à correção de aneurisma (Tabela 1).




[image: Tabela 1. Tipos de cirurgias.]



O volume recuperado e infundido foi respectivamente de 1.360,50±511,37 ml e 339,75±87,71 ml no grupo A, 1.436,63±516,06ml e 518,83±183,00 ml no B e 2.137,00±925,04ml e 526,20±227,15ml no C (Tabela 2). O volume recuperado teve significância estatística quando relacionado com o tempo de CEC no grupo B (P=0,008) e no grupo C (P<0,001). O volume infundido não foi significativo (Tabela 2).
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Em relação às transfusões de CH, quatro unidades de CH foram usadas no grupo A, 80 no grupo B e 23 no grupo C. A média de uso de unidades de CH foi de 1,00±2,00 CH, 1,27±1,85 CH e 2,56±2,01 CH, nos grupos A, B e C, respectivamente (Tabela 2). Apenas um paciente do grupo A precisou de transfusão sanguínea. No B, dos 63 indivíduos 31 precisaram de 2,58 unidades de CH. Já no grupo C, como ocorreu um óbito pós-operatório por motivos neurológicos, este paciente não entrou na contagem de pacientes que precisaram ou não de CH. Desta forma, 77,77% dos pacientes (n=7) precisaram de 3,28 unidades de CH. Foi relacionado o tempo de CEC de cada grupo com Unidades de CH transfundidas, mas não apresentou significância estatística (Tabela 2).

Nos grupos A, B e C, as médias de Hb pré-operatória foram de 13,45±1,39, 13,58±3,31, 13,0±1,52 g/dl, Hb trans de 11,10±1,88, 10,87±1,73, 10,45±1,57 g/dl, Hb pós-operatória de 9,78±1,79, 9,84±1,30, 10,54±1,39 g/dl e Hb de alta hospitalar de 10,80±1,18, 9,35±1,10, 9,13±0,93 g/dl. (Tabela 2). Os valores de Hb pré, trans, pós-operatória e de alta foram relacionados com o tempo de CEC em cada grupo, sendo significante a Hb de alta no grupo B (P=0,049) e no grupo C (P=0,028) (Tabela 2).

O sangue infundido tinha VG de 50,97±12,06 % e Hb de 19,57±8,35 g/dl, médios com seus desvios padrões, sendo os valores mínimos de VG e Hb respectivamente de 22,8% e 7,40 g/dl e máximos de 66,00% e 22,00g/dl. A Hb e o VG do sangue infundido foram de 18,13±3,11 ml e 53,56±9,46 ml no grupo A, 17,54±2,91 ml e 52,76±8,62 ml no grupo B e 20,00±8,90 ml e 51,00±12,58 ml no grupo C, apresentando significância estastica a Hb (P=0,035) e o VG (P=0,047) do grupo C (Tabela 2).

 

DISCUSSÃO

O uso de RH foi iniciado em 1970, nos EUA, como resposta ao aumento do número de cirurgias cardiovasculares e, no final do século passado, o uso foi ampliado para a Europa[9]. Desde então, a utilização desta técnica está em discussão[10]. Logo no início da década de 80, alguns autores já se posicionavam contra a utilização indiscriminada do RH, por não diminuir nem os custos, nem o uso de sangue homólogo[11].

No entanto, as complicações inerentes à transfusão de sangue, como aumento do risco de eventos infecciosos, episódios de fibrilação atrial, insuficiência renal aguda, acidente vascular cerebral e aumento da permanência hospitalar[12], ou de seus subprodutos, associados aos benefícios em reduzir esse uso faz com que antes de administrar uma transfusão, todos os recursos alternativos disponíveis sejam tentados. Os benefícios são: evitar a redução drástica dos estoques de sangue disponíveis, o melhor resultado dos tratamentos, litígios, fundamentos religiosos, motivação para uma prática transfusional mais restrita, satisfação da equipe médico-cirúrgica e ainda pode atender às preferências dos pacientes[1,13]. Além disso, há a redução do custo global dos tratamentos, pois mais controles são necessários para evitar a transmissão de doenças pelo sangue, aumentando os custos das transfusões homólogas. Isso melhora o custo-benefício do RH[14].

O objetivo dos RH é recuperar o sangue que foi derramado no campo cirúrgico, a fim de reduzir a necessidade de transfusão alogênica. Segundo alguns autores, o RH pode ser indicado em muitos tipos de cirurgia eletiva, como cirurgia cardiovascular, de quadril, coluna e em transplantes de fígado[15,16], e de emergência quando a perda de sangue deve ser, pelo menos, 800-1.000 mL[2]. Outros autores afirmam que a perda de sangue pode ser entre 600 a 800 mL[17]. Todos os nossos pacientes tinham indicação para o uso de RH, já que o mínimo de sangue recuperado foi de 749 mL, concordando com as diretrizes usadas pelo National Health Service que afirma que, o uso de RH, em cirurgia cardiovascular com CEC, deve ser realizado a critério do cirurgião e pode ser custo efetivo[18].

Como, em média, um terço do sangue recuperado é infundido [17], todos os pacientes deste estudo se beneficiaram do uso de RH, porém apenas nos grupos B e C o RH foi custo efetivo, pois o volume de sangue infundido foi suficiente para superar os custos que teríamos com a utilização de CH. Além disso, quanto maior o tempo de CEC, maior é o volume de sangue recuperado e, como relatado anteriormente[1,2], esse sangue recuperado é de qualidade, sendo o VG de 50,97±12,06 % e Hb de 19,57±8,35 g/dl.

Vários estudos analisaram os benefícios do RH em cirurgia cardíaca com o uso da circulação extracorpórea[5,19]. Tem sido relatado que o uso de RH em cirurgia com CEC reduz a necessidade de transfusões em comparação com os doentes que são submetidos à cirurgia cardíaca sem o uso de RH[6,20]. Neste estudo, observamos que o tempo de CEC está relacionado com o maior uso de CH, com média de 2,56 unidades de CH no grupo C, 1,27 no B e 1,00 no A, porém, não foi um dado significativo, sendo que a maioria (n=7) do grupo C necessitou de CH (2,56), 49,21% do grupo B e a minoria (n=1) do grupo A.

O objetivo maior no uso do RH é o de ter a capacidade de diminuir a utilização de unidades de CH nos pacientes e, com isso, diminuir as reações inflamatórias e a morbimortalidade, não havendo contraindicação nem complicações observadas pelo uso do método. Este cuidado deve ser tomado simultaneamente com uma perfeita hemostasia tanto na diérese inicial como antes da síntese em cirurgias cardiovasculares[20].

 

CONCLUSÃO

O RH pode ser usado nos pacientes submetidos à cirurgia cardiovascular com CEC em vista de não haver contraindicação nem morbilidade decorrente do seu uso, mas somente em cirurgias com tempo de CEC acima de 45 minutos o reaproveitamento de sangue é custo/efetivo.
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ABSTRACT

OBJECTIVE: To evaluate immediate and long-term results of cardiac transplantation at two different levels of urgency.

METHODS: From November 2003 to December 2012, 228 patients underwent cardiac transplantation. Children and patients in cardiogenic shock were excluded from the study. From the final group (n=212), 58 patients (27%) were hospitalized under inotropic support (Group A), while 154 (73%) were awaiting transplantation at home (Group B). Patients in Group A were younger (52.0±11.3 vs. 55.2±10.4 years, P=0.050) and had shorter waiting times (29.4±43.8 vs. 48.8±45.2 days; P=0.006). No difference was found for sex or other comorbidities. Haemoglobin was lower and creatinine higher in Group A. The characteristics of the donors were similar. Follow-up was 4.5±2.7 years.

RESULTS: No differences were found in time of ischemia (89.1±37.0 vs. 91.5±34.5 min, P=0.660) or inotropic support (13.8% vs. 11.0%, P=0.579), neither in the incidence of cellular or humoral rejection and of cardiac allograft vasculopathy. De novo diabetes de novo in the first year was slightly higher in Group A (15.5% vs. 11.7%, P=0.456), and these patients were at increased risk of serious infection (22.4% vs. 12.3%, P=0.068). Hospital mortality was similar (3.4% vs. 4.5%, P=0.724), as well as long-term survival (7.8±0.5 vs. 7.4±0.3 years).
CONCLUSIONS: The results obtained in patients hospitalized under inotropic support were similar to those of patients awaiting transplantation at home. Allocation of donors to the first group does not seem to compromise the benefit of transplantation. These results may not be extensible to more critical patients.

Descriptors: Heart Transplantation. Thoracic Surgery. Postoperative Complications. Survival (Public Health).



 


RESUMO

OBJETIVO: Avaliar os resultados imediatos e de longo prazo do transplante cardíaco em dois níveis diferentes de urgência.

MÉTODOS: De novembro de 2003 a dezembro de 2012, 228 pacientes foram submetidos a transplante cardíaco. Crianças e os pacientes em choque cardiogênico foram excluídos do estudo. Do grupo final (n=212), 58 pacientes (27%) estavam hospitalizados e em suporte inotrópico (Grupo A), enquanto 154 (73%) aguardavam transplante em casa (Grupo B). Os pacientes do Grupo A eram mais jovens (52,0±11,3 vs. 55,2±10,4 anos, P=0,050) e tinham menor tempo de espera (29,4±43,8 vs. 48,8±45,2 dias, P=0,006). Não foram encontradas diferenças entre os sexos ou outras comorbidades. Níveis de hemoglobina foram menores e de creatinina superiores no Grupo A. As características dos doadores foram semelhantes. O acompanhamento foi de 4,5±2,7 anos.

RESULTADOS: Não foram observadas diferenças no tempo de isquemia (89,1 ± 37,0 vs. 91,5 ± 34,5 min, P=0,660) ou no suporte inotrópico (13,8% vs. 11,0%, P=0,579), nem na incidência de rejeição celular ou humoral e de vasculopatia do enxerto. Incidência de diabetes de novo no início do primeiro ano foi um pouco maior no Grupo A (15,5% vs. 11,7%, P=0,456), e esses pacientes apresentaram maior risco de infecção grave (22,4% vs. 12,3%, P=0,068). A mortalidade hospitalar foi semelhante (3,4% vs. 4,5%, P=0,724), bem como a sobrevida a longo prazo (7,8±0,5 vs. 7,4±0,3 anos).

CONCLUSÕES: Os resultados obtidos em pacientes hospitalizados em suporte inotrópico foram semelhantes aos de pacientes que aguardam o transplante em casa. Alocação de doadores para o primeiro grupo não parece comprometer o benefício do transplante. Esses resultados podem não ser estendidos aos pacientes mais críticos.

Descritores: Transplante de Coração. Cirurgia Torácica. Complicações Pós-Operatórias. Sobrevida.



 

 

INTRODUCTION

Despite advances in medical and surgical treatment of heart failure, heart transplantation is still the elective treatment for patients refractory to other medical therapies or conventional cardiac procedures. The criteria for selection of candidates for transplantation have been gradually extended and the selection of donors and recipients is essential to the success of a transplantation program[1-3].

However, a significant reduction in supply has forced the spectrum of selection of donors to be broadned. Thus, the profile has changed from a young donor who died of cranio-cerebral trauma to that of an older donor whose death resulted from primary neurological disease. The latter is often accompanied by other types of diseases and cardiovascular risk factors, conditions which determine the choice of the recipient from a scarce and rarely ideal donor.

As a result, we have seen an increase in the number of patients in advanced stages of the disease at the time of transplantation, who are admitted for decompensated heart failure requiring intensive pharmacologic support and, at times, cardio-circulatory and mechanical respiratory support in those with worse clinical status, a situation that increases the urgency for transplantation, generally associated with greater risk of failure.

On a national level, the criteria/priority for heart transplantation of the Portuguese Society of Transplantation (unpublished data; Table 1) include seven degrees in descending order of priority. As a result of this and other types of stratification, the most critical patient passes ahead of others whose clinical condition allows them to wait longer. However, these criteria do not explain or quantify the risk profile. We know that the immediate results of cardiac transplantation are very sensitive not only to the quality of the donor organ but also to the clinical status of the candidate to transplantation[4-6].
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Strictly following the scale of priority or urgency for transplantation, we end up transplanting sicker hospitalized patients undergoing intensive treatment for decompensated heart failure, always accompanied by variable multiorgan function deterioration. This will result in a natural increase of morbidity and mortality after transplantation, triggering the question of who should be transplanted (?), which can raise probably insoluble questions of ethics in organ distribution.

In this study, we analyzed and compared the early and late results of transplantation following the criteria of priority in use by the Portuguese Society of Transplantation (SPT), in basic clinical aspects similar to the international scale INTERMACS (Interagency Registry for Mechanically Assisted Circulatory Support) [7,8].

 

METHODS

Origin, definition and collection of data

In the period from November 2003 to December 2012, 228 patients were consecutively submitted to heart transplantation at this Centre. Exclusion criteria for this study included patients previously transplanted with other organs (n=2), patients under 18 years of age (n=8), and patients with emergency priority (< grade IV, n=8). Thus, the study population included 212 patients, 58 of whom were in the ICU, under inotropic support without respiratory and/or mechanical ventricular assistance (SPT grade V; Group A), and 154 were at home on a waiting list with two or more hospitalization episodes in the ICU in the last 6 months (SPT grade VI; Group B).

The data were obtained from a national database, especially designed for the prospective registration (online platform) of data from the recipient, donor, surgery, immunosuppression protocol and follow-up of patients undergoing cardiac transplantation.

All surviving patients were followed via regular consultations at the Surgical Centre by a medical/surgical team, from one to 10 years, and no patient was lost to follow-up. The mean follow-up in this study was 4.5±2.7 years (total, 961.8 patient-years).

Recipients and Donors

Table 2 shows data from pre-operative variables of the recipients in groups A and B, as well as the results of the comparative analysis. When compared with the population of Group B, patients in Group A were younger (P=0.05), had lower body mass index (BMI; P=0.005), had significantly lower serum haemoglobin (P=0.001), higher total bilirubin (P=0.014) and creatinine (P=0.01), and shorter time on the waiting list (P=0.006).
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Table 3 details the characteristics of the donors to patients of groups A and B, as well as the results of the comparative analysis, which showed no significant differences in any of the variables. However, male donors were the most common (82% vs. 73%). The cause of death was mostly traumatic (59.6% vs. 57.6%), but there was a growing trend in the number of donors dying from CVA, now approaching two thirds. In group A, there was a significant number of donors with prolonged inotropic or ventilator support (longer than one week, 12%).
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Statistical analysis

Continuous variables are presented as mean ± standard deviation and evaluated using independent (comparison between groups) and paired (over time) Student's t-test. Categorical variables are reported as frequency and percentage, and compared using the chi-square test. Survival and event-free survival were calculated using the Kaplan -Meier method. Statistical significance was defined as P-value <0.05. Data were analyzed using the IBM SPSS Statistics for Windows program (Version 20.0. Armonk, NY: IBM Corp; released 2011).

 

RESULTS

Surgery

Table 4 shows the data for variables related to surgery in groups A and B, as well as the results of the comparative analysis. Patients in Group B had a significantly higher incidence of mechanical circulatory support (P=0.044). Of the ten patients who needed this kind of assistance, 2 required only intra-aortic balloon pump (IABP), 3 required the use of a left ventricular assist device, and 5 required total circulatory support with ECMO. No statistically significant differences were observed in relation to other variables, namely times of ischemia and CPB, mechanical ventilation and inotropic support >48 hours.
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Cellular and humoral rejection and graft vascular disease

Table 5 shows the data on acute cellular rejection, humoral rejection and graft vascular disease (GVD) in groups A and B. Ninety patients (42.5%) had no episodes of acute cellular rejection (grade 0R of the ISHLT). The remaining patients (n=122, 57.5%) had at least one episode of rejection; however, in 83 of them it was only mild (1R), requiring no treatment. The results of the comparative analysis of the two groups showed no statistically significant difference in any of the cellular rejection grades. Thirty nine patients (18.4%) had at least one episode of cellular rejection grade > 2R, the majority (33, 84.6%) occurring during the first year. No statistically significant difference (P=0.309) was observed in the comparative analysis of survival free from cellular rejection grade >2R between groups A and B (Figure 1A).
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Humoral rejection was diagnosed in six patients (2.8%), with no significant difference between the study groups (P=0.551).

Graft vascular disease (diagnosed by coronary angiography, as some degree of "new" irregularity or stenosis in any of the major coronary vessels or its main branches, even if less than 50%) was diagnosed in 20 patients (9.4%). The comparative analysis of this event showed no significant difference in the incidence between the study groups (P=0.781). Survival free from GVD in groups A and B was not statistically different (P=0.547, Figure 1B).

De novo diabetes and severe infections

The incidence of de novo diabetes in the first year after transplantation was 12.7%, with no difference between the two groups (15.5% vs. 11.7%, P=0.456).

The incidence of serious infections requiring hospitalization and intravenous antibiotics during the first year post-transplantation was higher in Group A (22.4% vs. 12.3%), but the difference did not reach statistical significance (P=0.068). Likewise, the incidence of pneumonia in the first 6 months was higher in Group A (17.2% vs. 9.7%), although the difference was not significant (P=0.131).

Behavior of renal function after transplantation

At the time of transplantation, patients in Group A showed a tendency to have lower rates of glomerular filtration (57.2±26.5 vs. 60.9±21.2 ml/min, P=0.301). However, early renal replacement therapy (< 1 month after transplantation) was necessary in only 4 patients, with no difference between groups.

In both groups, a tendency towards recovery of renal function was observed after one month of transplantation, although not statistically significant (P=0.343 and P=0.480 for groups A and B, respectively). However, this was followed by a progressive deterioration of the glomerular filtration rate, whose values dropped significantly in Groups A (P=0.050) and B (P<0.001) for the first sixth months post-transplantation, and continued to decline, though at a slower pace, up to twelve months after transplantation (Figure 2).
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Mortality and survival

After a mean follow-up of 4.5±2.7 years (1 to 10 years; 961.8 patient-years), the overall mortality did not show significant differences between the two groups of patients (19% vs. 23.4%, P=0.491) and the same goes for comparison of in-hospital mortality and death at 6 months, 1 year, and late (Table 6). The most frequent causes of death in both groups were infectious (5.2% vs. 6.5%, P=0.721) and vascular (5.2% vs. 5.8%, P=0.850), with no statistical significance in the comparison between the two groups.
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The comparative analysis of the survival curves (Figure 3) also showed no significant difference between the two groups (P=0.659) and mean survival is currently 7.8±0.5 years in Group A and 7.4±0.3 years in Group B.
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DISCUSSION

It is known that the pre-transplantation clinical situation of patients with the highest degree of urgency is different. Decompensated patients are refractory to ambulatory medical treatment for heart failure, which requires hospitalization in cardiac intensive care units where they are to undergo treatment with intravenous diuretics, inotropes (dobutamine and noradrenaline), and a large majority is treated with cardiotonics (levosimendan). On the other hand, patients having a lesser degree of urgency benefit from home and family environment as well as greater mobility, factors that contribute to improvement and even optimization of their psychological, nutritional, and muscular status, in addition to a drastic reduction of nosocomial infections. Undoubtedly, these are aspects that help decrease the potential for post-transplantation mortality and morbidity[9].

Nevertheless, in this series we found a higher incidence of perioperative graft dysfunction in Group B. The most severe cases, in which it was necessary to use mechanical support (0% vs. 6.5%, P=0.047), were also detected in this group. But there was no significant difference in mortality between the two groups (3.4% and 4.5%, respectively, P=0.724).

These results point to a little adjusted (skewed) priority rank. The clinical situation of this less urgent group of patients is not homogeneous. The control of symptoms does not imply an improvement in the long-term prognosis. In fact, Lietz & Miller[9] and Mokadam et al.[10] demonstrated deterioration in the clinical status in 32-48% of UNOS 2 patients (equivalent to our lower priority VI-VII) during the waiting time for transplantation. These patients come to transplantation in uncertain clinical condition (intermittent instability, recurrent and frequent decompensation, or chronic persistent symptoms), whose control is not always associated with a better prognosis. In addition, advances in the medical treatment of heart failure by cardiotonic drugs and artificial devices have distorted the actual phenotypic presentation of heart failure in late stage[11,12].

The more favorable response in Group A suggests that patients recently undergoing intensive anticongestive therapy reach transplantation better compensated from the cardiorespiratory point of view, regardless of the fact that the pre-transplantation analytical study showed a higher multi-organ involvement. In fact, bilirubin and creatinine were higher in this group, both variables which are thought to have a strong influence on early mortality after transplantation[13-16].

In addition, patients coming from intensive care are usually more delicate because they are in unfavorable physical, psychological and nutritional situation, exposed to a hospital environment, and they have been subject to different clinical monitoring devices, some quite invasive. Consequently, there was a greater number of serious infections in the first months post-transplantation in Group A, with values close to statistical significance (22.4% vs. 12.3%, P=0.068). The greatest risk of developing serious infections in this group of patients should alert us to the need for taking more forceful prevention measures, including adaptation of the immunosuppression protocol.

Also analyzed in this study was the evolution of renal function, measured by serum creatinine level and creatinine clearance during the first year, when one would expect greater divergence. There was an improvement in the values of serum creatinine immediately after transplantation in both groups, but a gradual deterioration over years and no significant difference between the groups. The incidence of de novo diabetes, often related to renal dysfunction, was comparable between the two groups, which is justified by similar immunosuppression protocols.

Global survival at 8 years and survival free from severe rejection (2R or 3R) were similar in the two groups. These results also reinforce the idea that the high risk of transplantation in these patients can be significantly reduced in units with high volume of transplantations[17-20]. The advantage of having teams with greater experience to perform this procedure in high-risk candidates is well known, as the results have been proven superior in these centers[21-23].

The main message derived from this study is that, despite their higher risk profile and a further deteriorated clinical situation, urgent but not emergency patients showed similar outcomes to those of patients with lower priority. This may, therefore, raise the question of waste of a non-insignificant number of donors used in emergency cases with poor results in detriment of patients in better clinical conditions who die or deteriorate while on the waiting list, again conditioning the outcome of the transplantation[24]. Listing for transplantation of some of these patients should probably be revised or delayed to optimize their clinical state[25]. Today, more efficient devices for temporary or permanent mechanical assistance (ECMO, ventricular assistance, artificial heart), can greatly improve the clinical situation and reverse multiorgan deterioration[26].

In addition it seems important to call for other types of priority scales that include the characteristics of the recipient, other than the urgency of transplantation. Hong et al.[24] distinguished five groups of risk for transplantation, according to the presence of pre-transplant risk factors, where groups of higher risk have a first year survival of only 47-66% and a median survival of less than six years, results that, again, seriously question the use of donors that could have greater benefits in lower risk groups. These authors go as far as to say that donors should be allocated in priority for lower risk recipient groups and, only after that, for high-risk groups. They even warned about the need to consider whether we should not exclude high-risk patients from transplantation because the advantage of transplantation in the short and medium term is reduced in these patients, even when compared to medical treatment[27,28].

 

CONCLUSION

The number of patients awaiting transplantation has been increasing, unlike the supply of donors. This situation becomes more complex when one observes an increase in the number of non-priority patients whose clinical condition worsens in the waiting list, turning them into to higher priorities. This panorama requires strengthening of the borders of donation as well as considering responsible and pragmatic allocation of available organs.

In our experience, the results obtained from patients in urgent priority were similar to those of patients awaiting transplantation at home. The allocation of donors in this group does not seem to reduce the success of transplantation, a consideration that can probably not be extended to patients in more critical situations.
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Abstract

OBJECTIVE: This article aims to present updated therapeutic options for fetal congenital heart diseases.

METHODS: Data source for the present study was based on comprehensive literature retrieval on fetal cardiac interventions in terms of indications, technical approaches and clinical outcomes.

RESULTS: About 5% of fetal congenital heart diseases are critical and timely intrauterine intervention may alleviate heart function. Candidates for fetal cardiac interventions are limited. These candidates may include critical aortic valve stenosis with evolving hypoplastic left heart syndrome, pulmonary atresia with an intact ventricular septum and evolving hypoplastic right heart syndrome, and hypoplastic left heart syndrome with an intact or highly restrictive atrial septum as well as fetal heart block. The advocated option are prenatal aortic valvuloplasty, pulmonary valvuloplasty, creation of atrial communication and fetal cardiac pacing.

CONCLUSION: Fetal cardiac interventions are feasible at midgestation with gradually improved technical success and fetal/postnatal survival due mainly to a well-trained multidisciplinary team, sophisticated equipment and better postnatal care.

Descriptors: Fetal Heart. Heart Defects, Congenital. Prognosis.



 


Resumo

OBJETIVO: Este artigo tem como objetivo apresentar opções terapêuticas atualizadas para cardiopatias congênitas fetais.

MÉTODOS: Os dados do presente estudo foram baseados em uma revisão abrangente da literatura a respeito de intervenções cardíacas fetais em termos de indicações, abordagens técnicas e resultados clínicos.

RESULTADOS: Cerca de 5% das cardiopatias congênitas fetais são críticas e a intervenção intrauterina oportuna pode aliviar a função cardíaca. Os candidatos para intervenções cardíacas fetais são limitados e podem incluir aqueles que são portadores de estenose valvar aórtica crítica com evolução para síndrome de hipoplasia do coração esquerdo, atresia pulmonar com septo ventricular íntegro e com evolução da síndrome de hipoplasia do coração direito e síndrome de hipoplasia do coração esquerdo com septo atrial intacto ou altamente restritivo, bem como bloqueio cardíaco fetal. As opções preconizadas são a valvoplastia aórtica fetal, valvoplastia pulmonar, criação de comunicação interatrial e implante de marca-passos em fetos.

CONCLUSÃO: Intervenções cardíacas fetais são viáveis na fase intermediária da gestação com sucesso técnico e sobrevivência fetal/pós-natal, sendo aprimorados gradualmente, devido, sobretudo, a uma equipe multidisciplinar bem treinada, equipamentos sofisticados e melhores cuidados no pós-natal.

Descritores: Coração Fetal. Cardiopatias Congênitas. Prognóstico.



 

 

INTRODUCTION

Cardiac malformations can be a result of intrinsic myocardial disease or a secondary adaptive mechanism of fetal heart during in utero development[1]. Pressure and volume stimuli of blood flow through the fetal heart are important determinants of the development of fetal heart and circulation during the second and third trimesters[1]. In order to reduce perinatal morbidity and mortality, an early diagnosis of the fetal congenital heart disease (CHD) in the parturients who are at an increased risk of CHD is imperative, particularly for those with a family history of CHD[2]. About 5% of prenatally diagnosed CHDs including severe aortic stenosis (AS) (1.6%), pulmonary atresia with intact ventricular septum (PA/IVS) (1.9%) and severe pulmonary valve stenosis (1.5%) can be critical and therefore require intrauterine therapeutic interventions[3]. Early diagnosis of treatable CHDs may improve fetal intervention outcomes[4], allowing ventricular growth and angiogenesis for fetus with semilunar valve stenosis for successful adaptation to extrauterine life[5]. Advanced imaging technology and equipment have made an accurate diagnosis of most fetal CHDs possible[6]. Among them, echocardiography is a reliable means for prenatal diagnosis of a wide spectrum of CHDs[3]. At present, diagnosis of CHDs at midgestation (18-24-week gestation) has become feasible in almost all situations[7]. However, minor errors might occur in echocardiographic visualization of a CHD probably due to poor image quality, early (<20 weeks) or late (>34 weeks) gestation, or maternal obesity[7].

Prenatal interventions for structural CHDs are now plausible with high rates of technical success at midpregnancy[8]. Boston experiences have confirmed candidates for fetal cardiac interventions, which are critical AS with evolving hypoplastic left heart syndrome (HLHS), PA/IVS and evolving hypoplastic right heart syndrome, and HLHS with an intact or highly restrictive atrial septum[9]. Moreover, fetuses with hypoplasia of the tricuspid valve annulus seem to be good candidates for pulmonary valve intervention, allowing sufficient right heart growth[6]. Minimal invasiveness (percutaneous access, only one cardiac puncture, and placental avoidance) and free from complications (fetal bradycardia, effusions and thrombus) are regarded as an ideal procedure[10].

Fetal Cardiac Intervention

Intrauterine balloon aortic valvuloplasty

Severe AS is associated with left ventricular outflow obstruction and may lead to irreversible left ventricular dysfunction secondary to volume overload with right heart failure and hydrops fetalis[11]. It may develop into HLHS prenatally and is associated with poor postnatal survival if left untreated in the uterus[12]. Retrograde flow in the transverse aortic arch, severe left ventricular dysfunction, monophasic and short mitral valve inflow and left-to-right flow across the foramen ovale can be determinants of AS progression into HLHS, in which very few chances of left heart growth and function can be available for a biventricular outcome[13]. Clinical observations also confirmed pre- and postnatal evolution of HLHS were associated with not only prenatal critical AS, but also endocardial fibroelastosis of the left ventricle[14]. By echocardiography, endocardial fibroelastosis is also implicated in post-interventional outcomes and postnatal heart growth[15].

The entry criteria for prenatal intervention for critical AS have been advocated as severe AS or atresia with severe left ventricular dysfunction and the left ventricular length was not <2 SD below the mean for gestational age at diagnosis. The timing of intervention should be on an urgent basis because of the potential for rapid progression into left ventricular growth failure in fetuses[16].

The first intrauterine balloon aortic valvuloplasty was reported in 1989 for the treatment of critical AS in two fetuses[12]. However, one died intrauterine post-intervention and the other died postnatally. The problem encountered during the maneuver was difficulty of needle withdrawal after the access to the fetal heart, which was afterwards resolved by the utilization of a stillette needle. Tworetzky et al.[16] reported successful aortic valvuloplasty, preventing the evolution of HLHS in fetuses with AS in 2004. Of the 20 pregnancies at 21-29-week gestation, technical success rate was 70% and subsequent postnatal biventricular repair rate was 21%. Further observations by echocardiography revealed left heart growth arrest in unsuccessful or declined cases, but ongoing left heart growth in successful cases. Resumed left heart growth leading to a biventricular circulation at birth was observed in three babies[16]. Arzt et al.[17] reported 24 aortic valvuloplasties in 23 fetuses with critical AS at 26 (range, 21-32)-week gestation, both technical success and postnatal biventricular repair rates were 66.7%. Recently, Goldstein et al.[18] introduced a standard 0.014-inch Prime-Wire Prestige coronary guidewire for aortic valvuloplasty. With the aid of a micromanometer pressure sensor 3 cm from the tip, it was directed into the left ventricle and across the severely stenotic aortic valve. Immediate aortic pressure drop was seen after the procedure. This technique allows several potential advantages over conventional procedures in continuous monitoring of pressure waveforms, improvement of intraprocedural fetal hemodynamic monitoring and responsiveness to resuscitation.

Intrauterine aortic valvuloplasty for AS is technically feasible. Success depends on a series of predictive factors, including cardiac structural changes (severe endocardial fibroelastosis), devices available (angle of cannula entry, cannula designs and catheter and wire configurations), fetal positioning, ultrasound imaging, maneuver sophistications and post-interventional care, etc. In addition, quick maneuvers may minimize the progressive fetal bradycardia. A successful procedure was anyway achieved in 81% at 21-26-week gestation fetuses[16]. The mortality and morbidity of fetal AS were mainly due to technical errors and due to the degree of the hemodynamic effects of the stenosis and left ventricular adaptation, development and function during fetal life[19].

However, fetal aortic valvuloplasty was not a definitive solution for fetal AS. In order to have a biventricular outcome, postnatal interventions are often required, such as repeated aortic valvuloplasty in most cases, temporary left atrial decompression, and frequent surgical interventions, such as coarctation repair, resection of endocardial fibroelastosis, mitral valvuloplasty, etc.[20].

Intrauterine pulmonary valvuloplasty

PA/IVS is characterized by complete obstruction to right ventricular outflow tract with varying degrees of right ventricular and tricuspid valve hypoplasia[21]. Intrauterine pulmonary valvuloplasty in fetuses with PA/IVS allows potential growth and functional improvement of the right heart thereby increasing postnatal survival and biventricular repair[22-25]. Prenatal treatment of the lesion may prevent development of non-immune hydrops and intrauterine death[22], however, only limited cases have been reported[26]. Fetal cardiac intervention for PA/IVS is a challenging procedure because of the anatomical features of the right ventricular outflow tract and the difficult access to the pulmonary valve. With advancing gestation, a steady increase of the right ventricle-to-pulmonary artery gradient could lead to a high rate of pregnancy termination (61%) and some intrauterine death (5%) if left untreated[27].

It has been shown that pulmonary valvuloplasty in fetal life is also technically feasible in midgestation. With optimal fetal positioning with the aid of adequate echo imaging, a limited maternal laparotomy without uterine exteriorization or incision could be attained. Fetal pulmonary balloon valvuloplasty can be performed at 21-32-week gestation under maternal local anesthesia and sedation by inserting a needle through maternal abdominal wall into the uterine cavity under ultrasound guidance. Fetal analgesic is then injected before advancing the needle through the fetal chest wall into the right ventricular infundibulum of the fetus. A guidewire is inserted through the needle and across the pulmonary valve. A balloon catheter is inserted and then inflated to dilate the stenotic valve. Access to the right ventricular outflow tract is acchieved through direct puncture by using a 19-gauge cannula via a subcostal approach on the fetal chest or an intercostal space next to the sternum, the cannula tip is directed into the right ventricular outflow tract and the atretic pulmonary valve is dilated by inflating a coronary angioplasty balloon. After the final balloon deflation, the wire, balloon and cannula are removed. The catheter and needle are then withdrawn[26].

Since 2002, prenatal intervention for fetal PA/IVS has been performed for membranous pulmonary atresia with identifiable pulmonary valve leaflets or membrane, an intact or highly restrictive ventricular septal defect and right heart hypoplasia with a tricuspid valve annulus z score of <2. Compared with control fetuses with PA/IVS who did not undergo prenatal intervention with postnatal univentricular circulation, the tricuspid valve annulus, right ventricle length and pulmonary valve annulus grew significantly more from mid- to late gestation in the six fetuses that underwent successful interventions[25]. Gómez Montes et al.[28] reported fetal intervention was performed for PA/IVS in four fetuses with technical success in all of them and with some improvement of the right heart growth and hemodynamics early after the procedure, thereby increasing the chances for a biventricular repair.

Polat et al.[29] also adopted a 0.014-inch floppy tipped coronary guide wire in the maneuver. The wire-catheter assembly was introduced through the needle until the balloon emerged. After deployed in the left pulmonary artery, the balloon was pulled back across the perforated valve with three consecutive inflations. Post-interventional echocardiography showed slight improvement in right ventricular compliance. They performed a successful valvulotomy of the pulmonary valve in a fetus with PA/IVS at 28-week gestation and fetal hemodynamic improvement was observed following the procedure. Galindo et al.[23] reported successful valvuloplasty of the pulmonary valve performed in a fetus with critical pulmonary valve stenosis and heart failure at 25-week gestation. It is important to learn that midgestation fetal tricuspid valve z score>-3 and good tricuspid valve growth are the important factors leading to postnatal biventricular repair in fetuses with PA/IVS. According to the Boston experience, a Z-score >-3 is associated with biventricular outcome and a <-3 score with univentricular palliation[30].

Prenatal intervention on the atrial septum

Hypoplastic left heart syndrome is potentially detectable in fetuses of 18-22-week gestation with a four-chamber view on echocardiography. With left heart obstruction, the existence of an interatrial communication is important for oxygenated blood to be distributed to the body and to prevent pulmonary congestion[31]. Prenatal intervention on the atrial septum is indicated for an intact or highly restrictive atrial septum, which promotes profound cyanosis and pulmonary edema after birth, leading to little effective pulmonary blood flow and resulting in chronic pulmonary venous hypertension and lymphatic dilation. This can in turn result in increased perioperative morbidity and mortality with stage I Norwood procedure. Postnatal atrial septotomy, albeit rapid and effective, may not reverse pulmonary vasculature pathologies and further mortality in the first few weeks or months of life. Therefore, midgestation intervention on atrial septum is imperative for preventing pulmonary vasculature changes, reducing the need for additional or urgent procedures and improving the infant's surgical outcome.

The maneuver of prenatal interventions on atrial septum has been described. After acessing the fetal heart, a communication is created by directing the needle across the atrial septum. A wire and small balloon are forwarded into the left atrium and a small atrial communication is enlarged by inflation of the balloon[32]. A larger series of intrauterine atrial septoplasty in fetuses with HLHS was reported by Marshall et al.[33]. Of 21 fetuses at 24-34-week gestation who received this procedure, there were 19 technical successes and two fetal deaths. An atrial septal defect of at least 3 mm in diameter was confirmed to allow postnatal benefit. However, postnatal outcomes were disappointing with a mortality of 58%. In order to keep septectomy open, a stent can be deployed across the atrial septum. Chaturvedi et al.[34] performed percutaneous ultrasound-guided stenting of the atrial septum in 10 fetuses. Two fetuses developed stent stenosis and died postnatally from pulmonary hypertension and sepsis, respectively. Kalish et al.[35] reported that nine fetuses at 24-31-week gestation with HLHS/IAS received fetal atrial septal stent placement, with technical success in five and failure in four cases. Stent deployment may decompress the left atrium. Additionally, there were no maternal complications.

Fetal cardiac pacing

Complete heart block can be life-threatening in fetuses. The etiologies were considered to be inflammation and fibrosis at the atrioventricular node associated with the production of antibodies[36]. Heart block can progress during pregnancy and may result in hydrops fetalis and eventual fetal demise[37]. There are few effective treatment options for fetal heart block, as side effects of fluorinated steroids (betamethasone or dexamethasone) have been concerned, whereas fetal heart rate and glomerular filtration rate irrespective of the gestational age were not significantly influenced[38,39]. Moreover, poor response of congenital fetal heart block to intravenous maternal isoproterenol can be an indication for permanent pacemaker implant before birth[40]. In general, a permanent pacemaker is required in about 66% of the cases[40].

The first trial of fetal cardiac pacing with a pacemaker implant for complete heart block was reported in 1986[41,42]. Initial attempts of intrauterine percutaneous pacing through a transthoracic approach or an inferior vena cava route resulted in fetal demise shortly after the procedure. Later, Assad et al.[43,44] designed two modified pacing electrodes: a screw-in lead (1½ turns) and a stitch-on lead, which were tested in experimental models of fetal heart block induced by cryosurgical ablation of the atrioventricular node. They found that the screw-in electrode was better for fetal pacing.

The initially proposed approach was an epicardial pacing lead on the fetal heart with an extra-uterine pulse generator implanted in the mother. However, a lack of myocardial fixation and dislodgment of the percutaneous lead due to fetal movement were the major limitations of the percutaneous approach. To resolve this problem, an entire single chamber pacing system without exteriorized leads without risk of dislodgement of the pacing system was therefore developed[45]. Such a design is now possible because of significant advances made in fetal surgery and fetal intervention, allowing the pacing system to be deployed through the maternal abdomen under ultrasound guidance.

Furthermore, Assad et al.[46] designed a novel prototype T-shaped lead for secure fixation onto the fetal myocardium and prevention from electrode dislodgement, which could be introduced via an 18-gauge needle and therefore an open surgery was not needed. The new lead was tested in fetal goats, suggesting that a gradual increase in the fetal rate, beginning at 80 beats per minute after implantation would be more reliable for an adequate fetal cardiac output[47]. Boudjemline et al.[48] developed an implantable fetal pacing lead, which was made of a flexible quadrifilar coil with outer silicone insulation and a fixed screw on its distal tip. Attempts in 12 pregnant Pre-Alp ewes at 110-112 day gestation were successful for anchoring the lead on the ventricular wall in all 12 and on the atrium in three of them.

 

DISCUSSION

The reverse remodeling phenomenon should be even more pronounced in fetal life. Thus, fetal cardiac interventions were attempted aiming at promoting ventricular growth and function, decreasing intrauterine death and increasing survival[10]. Fetal cardiac interventions have been advocated for fetuses with semilunar valve stenosis[16,24,49] or with HLHS with an intact or highly restrictive atrial septum[33]. In the early years, fetal cardiac interventions showed poor outcomes, probably related to poor ultrasonographic imaging, limitations of equipment availability and poor fetal conditions[50]. Technical success of fetal cardiac interventions has greatly enhanced postnatal biventricular outcome, thereby avoiding the need for three-stage palliation or cardiac transplant[51]. Despite the progress made in this field, these fetal cardiac interventions remain controversial in both indications and results[3,52].

There have been relatively fewer prenatal pulmonary valve interventions comparing with prenatal aortic valve intervention[53]. On the other hand, prenatal interventions for the management of pulmonary atresia and intact ventricular septum were often associated with increased risks of preterm delivery and neonatal mortality[49]. Furthermore, pulmonary valve stenosis may be alleviated with the intrauterine right heart growth and the impact of interventional therapy on the pulmonary circulation does not seem to be as forceful as that on the systemic circulation secondary to fetal aortic valvuloplasty[3].

Candidates for fetal arrhythmic interventions have been considered supraventricular tachycardia refractory to conventional drug with a potential for progression into hydrops fetalis and fetal demise[54,55]. Immune complete heart block with low ventricular rate may cause significant decrease in fetal cardiac output, cardiac failure and hydrops fetalis[56,57]. The poor prognosis of these fetal arrhythmias has incited the development of alternative therapeutic strategies. Fetal ventricular pacing has been found to improve ventricular output in experimentally induced complete atrioventricular block[58]. However, initial attempts of fetal pacing have failed in human fetuses[4,42,45]. As open fetal surgery for intrauterine pacemaker insertion has been associated with unacceptable maternal morbidity and fetal demise, minimally invasive approaches using either transcutaneous ultrasound-guided[59] or fetoscopic approaches[47] have been favored. Both endovascular route for intracardiac[42] and epicardial lead anchorages[59] were attempted. Adaptations of new leads to the fetal anatomy for a secure anchorage are crucial for obtaining better outcomes of fetal pacing. Fetal cardiac interventions by direct cardiac puncture are associated with significant fetal morbidity. In order to avoid direct cardiac puncture, Nugent et al.[60] have employed successfully in an in vitro fetal heart model of approximating a 32-week gestation with magnetically steerable guide wires from the hepatic vein to the descending aorta and balloon to the aortic valve, in between 5 and 10 minutes.

The treatment of critical left ventricular outflow tract obstruction in the neonate and infant remains a significant challenge[61]. Postnatal surgical options include biventricular repair (surgical aortic valvotomy, balloon aortic valvotomy, Ross/Konno procedure and arch repair with or without other lesion repair), single ventricular repair (Norwood type), biventricular repair after initial single ventricular repair and cardiac transplantation[61]. Biventricular repair presents obvious advantages over univentricular type of repair in terms of better survival and lower hospitalization costs[62]. Rhodes scores have been taken as reliable indicators for the determination of a biventricular or univentricular repair[63]. For conditions with no possibility of biventricular repair, the expectant parents may choose, between postnatal palliative management (such as the Norwood procedure for HLHS) or for interruption of pregnancy[6]. Heart transplantation can be a third option for the parents in saving the baby with life-threatening, critical AS, which fails to other surgical interventions[64].

At the beginning, the technical success and biventricular repair rates were low, which were now considered to be mostly attributed to postnatal care other than prenatal intervention, while technical failure was only responsible for small parts[47]. Only small part of the mortality could directly correlate with the prenatal intervention; whereas the greater part died postnatally probably due to the limited postnatal surgical and intensive care. The considerably improved survival rates and higher rates of postnatal biventricular repair following fetal dilation of severe semilunar valve obstructions were a result of proficient surgical and intensive care managements[47]. Most recently, with well-established multidisciplinary team and equipments, prenatal intervention success and postnatal biventricular repair rates have been significantly improved[17]. In Brazil, fetal interventions for CHDs have achieved a 91% success rate. There were two failures out of the 22 procedures, one was aortic and the other was pulmonary valvuloplasty[65].

Technical challenges and poor candidate selection are the two major restrictive factors limiting the development of fetal cardiac interventions. Lee & Comstock[66] emphasized the importance of a well-established practice guidelines and a standardized diagnostic training team for prenatal diagnosis of CHDs. A multidisciplinary team with the incorporation of a pediatric cardiac surgeon with maternal-fetal medicine, interventional cardiologist and fetal echocardiography subspecialists is warranted. Future directions of fetal cardiac interventions lie on technical advancements such as computer-assisted navigation[66], open fetal cardiac surgery and fetoscopic cardiac surgery (Ebsteins' anomaly with hydrops fetalis, tetralogy of Fallot and pulmonary valve atresia).

Open fetal cardiac intervention currently remains stagnant at the stage of animal experiments. It has revealed that midterm ovine fetuses under 30-minute bypass was associated with decreased cardiac output and increased end-diastolic pressure of the right ventricle[67]. Impairment of placental perfusion and respiratory gas exchange have been observed in lamb placenta when the animals were subjected to normothemic or hypothemic CPB with more severe impairment seen under hypothermia[68]. Further studies showed right ventricular function of midterm ovine fetuses under 90-minute bypass was better preserved by fibrillatory arrest than by cardioplegia[69]. During fetal heart bypass, a volume shift of approximately 100 mL/kg, equivalent to 0.8 mL/kg/min, occurred and this may require volume replacements during bypass and normal physiologic supplements after bypass for maintenance of blood volume[70]. Besides, fetal CPB may lead to a profound, early rise of vasopressin levels, which may in turn impair placental function[71]. These achievements have laid sufficient foundation for future clinical practice of open fetal cardiac interventions in human fetuses.

 

CONCLUSIONS

Fetal cardiac interventions (intrauterine balloon aortic valvuloplasty, intrauterine pulmonary valvuloplasy, prenatal intervention on the atrial septum and fetal cardiac pacing) for four types of congenital heart defects are feasible during midgestation aiming at improving fetal cardiac function, minimizing loss of fetus and enhancing postnatal biventricular repair. The postnatal deaths are more likely to be a result of candidate selection, effects of improvement of ventricular circulation secondary to fetal cardiac interventions and surgical technical errors and probably a limited intensive care. For improving success rate and post-interventional outcomes, a well-trained team with sophisticated equipment is warranted. With improved patient selection, technical modifications, for example with a robotic interventional approach, promising outcomes may be achieved in future cases. Moreover, with the advances of fetal bypass techniques, it is anticipated that open fetal heart operations would become feasible to facilitate the early treatment of fetal CHDs in the future.
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ABSTRACT

Aortic dissection is a cardiovascular event of high mortality if not early diagnosed and properly treated. In Stanford type A aortic dissection, there is the involvement of the ascending aorta, whereas in type B the ascending aorta is not affected. The treatment of type A aortic dissection is mainly surgical. The hospital mortality of type B aortic dissection surgical treatment is approximately 20%, while medical therapy is 10%. However, half the patients who are discharged from hospital after medical treatment, progress to aortic complications in the following years, and the mortality in three to five years may reach 25-50%. In addition, the surgical treatment of aortic complications after medical treatment, has also a significant mortality. This way, the endovascular treatment comes up as an interesting alternative of a less invasive treatment for this disease. They presented a mortality rate lower than 10% with more than 80% success rate of occlusion and thrombosis of the false lumen. The INSTEAD TRIAL, which randomized patients with uncomplicated type B aortic dissection for optimal medical therapy and endovascular treatment in addition to optimal medical therapy, showed that after three years of follow up, patients who underwent endovascular treatment had lower mortality and aorta-related complications. Therefore, there is a current tendency to recommend the endovascular treatment as a standard for the treatment of type B aortic dissection

Descriptors: Endovascular Procedures. Aortic Diseases. Aneurysm, Dissecting.



 


RESUMO

A dissecção da aorta é um evento cardiovascular de alta mortalidade quando não diagnosticado precocemente e tratado adequadamente. Na dissecção de aorta do tipo A de Stanford há o envolvimento da aorta ascendente enquanto na do tipo B este a aorta ascendente não está acometida. O tratamento da dissecção de aorta do tipo A é predominantemente cirúrgico. A mortalidade hospitalar do tratamento cirúrgico da dissecção da aorta do tipo B é de aproximadamente 20%, enquanto a do tratamento clínico é de 10%. Entretanto, metade dos pacientes que recebem alta hospitalar após o tratamento clínico, evoluem com complicações aórticas nos anos subsequentes, sendo que a mortalidade em três a cinco anos pode atingir 25 a 50%. Além disto, o tratamento cirúrgico das complicações aórticas, após o tratamento clínico, também apresenta alta mortalidade. Desta forma, o tratamento endovascular surge como interessante alternativa para o tratamento menos invasivo desta doença. Inicialmente indicado apenas para os casos complicados, apresentavam mortalidade hospitalar menor que 10% com mais de 80% de sucesso de oclusão e trombose da falsa luz. O INSTEAD TRIAL, que randomizou pacientes com dissecção de aorta do tipo B não complicada para o tratamento médico otimizado e para o tratamento endovascular em adição ao tratamento médico otimizado, demonstrou que após três anos de acompanhamento, aqueles pacientes submetidos ao tratamento endovascular apresentaram menor mortalidade e complicações relacionados a aorta. Portanto, atualmente há uma tendência em se indicar o tratamento endovascular como padrão para o tratamento da dissecção de aorta do tipo B.

Descritores: Procedimentos Endovasculares. Doenças da Aorta. Aneurisma Dissecante.



 

 

INTRODUCTION

Aortic dissection is a cardiovascular event of high mortality if not early diagnosed and properly treated. In Stanford type A aortic dissection there is the involvement of the ascending aorta, whereas in type B, the dissection is restricted to the descending aorta.

The treatment of Type A aortic dissection is mainly surgical. The hospital mortality of surgical treatment of Type B aortic dissection is about 20%, while medical therapy is 10%, therefore the recommendation for intervention in these cases shall be reserved for complicated cases, that are characterized by persistent pain, presence of ischemic complications, uncontrolled hypertension and aortic dilatation[1]. However, half of patients who are discharged after medical treatment, evolves with aortic complications in the following years, and the mortality in three to five years can reach 20% to 50%[2]. Furthermore, the surgical treatment of aortic complications after medical treatment, has also a significant mortality.

Endovascular Treatment

The endovascular approach in aortic diseases was introduced by Volodos et al.[3] in 1986 and Parodi et al.[4], in 1991, it is the correction of aortic diseases with self expandable prosthesis implantation inside the aorta, starting from catheters introduced through the femoral artery.

The endovascular treatment of descending aortic dissections was first described by Dake et al.[5] in 1994.

In 1997, the group of the Paulista School of Medicine led by Dr. Honorio Palma and Dr. Ernie Buffolo described, in a series of seventy patients with aortic dissection type B treated with the elephant trunk technique, two cases where the tube Dacron was replaced by anterograde released stent graft during total circulatory arrest of five minutes[6].

In 1999 Dake et al.[7] in 19 patients with complicated type b aortic dissection who underwent endovascular treatment, reported hospital mortality of 16% for aortic rupture and 79% for false lumen thrombosis. Nienaber et al.[8], in 1999, comparing patients with chronic or subacute dissection endovascular treated with patients who underwent conventional surgery, reported technical success in 100% of cases, with 83.3% of immediate thrombosis of the false lumen.

The EUROSTAR registry[9], described in 2004, introduced the first wider case series of patients treated with thoracic aortic stent graft. This registry included patients with aortic dissection, aortic aneurysm, pseudoaneurysm and traumatic aortic lesions. Despite the heterogeneity of the patients, it demonstrated primary technical success of 89%, with 30-day mortality of 6.5%, the one-year survival was 90% in cases of aortic dissection type B, and paraplegia occurred in 0 8%.

In Brazil, Fonseca et al.[10], in 1998, present the endovascular treatment of 4 cases of acute type B dissection with stent graft interposition, obtaining success in all the cases with total occlusion of the slot with thrombosis of the false lumen.

The premature occlusion of the false lumen entrance seems to improve the prognosis of patients in long-term. Atsuku et al.[11] followed the late evolution (ten years) of patients with type B aortic dissection medically treated. These authors showed that in the group of patients that had thrombosis of the false lumen during medical treatment, the mortality associated with the dissection was 5.6 times lower than in the group of patients in whom the false lumen remained patent, concluding that the patency the false lumen was an independent risk factor for dissection, death or events related to the dissection.

Tsai et al.[12] have shown that after discharge from hospital, patients who presented partial thrombosis of the false lumen had higher mortality than patients with complete patency of the false lumen. This happens with the higher incidence of rupture of the aneurysm sac expansion for not having distal reentry and end up in "dead end", leading to greater subsequent pressurization of the false lumen.

In the initial evaluation of acute type B aortic dissection, prognostic indicators of severity as the patency of the false lumen and aortic diameter greater than 40 mm as it should be considered in the choice of the appropriate therapy[13]. Loewe et al.[14] demonstrated a higher incidence of complications in acute type B aortic dissection in which the location of the entrance hole is in the small aortic curvature and recommended that these patients should be considered as high risk and with indication of premature endovascular treatment.

Eggebrecht et al.[15], in a meta-analysis of 39 published studies from 1999 to 2005, which involved 609 patients, proved the technical success in 98.2% of patients; hospital mortality of 5.3%, presence of neurological complications of 3.1 %, 1% of paraplegia and 2.1% of ischemic stroke. During follow-up, there was 2.3% of aortic rupture. Xiong et al.[16], also from meta-analysis of 39 studies published from 2001 to 2007 in China, involving 1304 patients, showed a hospital mortality of 2.6±0.1%, and a 5-year survival of 95.2%. The low mortality rate for endovascular treatment in a significant number of patients with type B aortic dissection complicated[15,16] allowed to question the indication of medical treatment as an approach to uncomplicated type B aortic dissections.

The INSTEAD[17] was the first prospective, randomized, multicenter trial that compared endovascular treatment added to optimal medical treatment exclusively in uncomplicated type B aortic dissections in the subacute and chronic stage.

After two years of follow up, there was no difference in mortality from all causes and events related to the aorta between the two groups, although the aortic remodeling, defined as an increase of the true lumen and false lumen thrombosis was higher in patients undergoing endovascular treatment, 91.3% versus 19.4% in the group of medical treatment[18].

At late follow-up of these patients, between 2-5 years, the group of patients randomized to endovascular and optimized medical treatment showed lower mortality due to events related to the aorta, 6.9% versus 19.3% in the group that was selected for exclusive optimized medical treatment[19]. Furthermore, patients of the endovascular treatment also presented reduced disease progression of 27% against 46.1% in the medical treatment[19].

The efficacy of endovascular treatment of type B aortic dissections is conditioned to occlusion of the entrance and complete thrombosis of the false lumen.

The literature describes a variation in the rate of complete thrombosis of the false lumen in the descending thoracic aorta, between 22.2% and 100%[7,8,20-24]. This wide variation is related to the stage of the disease presentation in which it was proposed the treatment as well as the studied segment of the descending thoracic aorta.

Shimono et al.[22], in a late follow-up of 24.5 months after endovascular repair, reported that the complete thrombosis of the false lumen was more frequent in patients treated in the acute phase 66.7% than those treated during the chronic phase 38.5%. According to these authors the persistent false lumen perfusion was correlated with late complications such as aortic dilation and rupture with subsequent death.

Kusagawa et al.[25] reported that after two years of follow-up after endovascular repair of type B aortic dissection, the false lumen thrombosis occurred in 76% of patients undergoing repair in the acute phase of the disease and in 36% of those who have corrected in the chronic phase. They also reported that after treatment of acute cases, the average diameter of the false lumen in the descending aorta early reduced, between one and six months. In the cases treated in the chronic phase, this reduction occurred later, between six and twelve months, confirming that the false lumen thrombosis is more likely when treatment is instituted in the acute phase.

Fioranelli et al.[26] reported that the presence of reentry thoracic aorta was correlated with the patency of the false lumen in the postoperative follow-up and agreed with the findings of Kato et al.[23]; Shimono et al.[22] and Kusagawa et al.[25] who stated that the delamination, sometimes fragile in the acute phase, becomes more fibrotic and stable in the chronic phase thereby decreasing the potential for aortic remodeling in this stage. Lopera et al.[27], also reported that the presence of reentry at the level of the descending thoracic aorta associated with fibrosis in chronic cases, contribute to the reduced chance of sealing the intimal-middle layer and consequent reduction of thrombosis of the thoracic false lumen. Dias et al.[28], despite the small number of patients studied, concluded that the endovascular treatment of type B aortic dissection, in the chronic phase, did not decrease the diameter of the descending aorta and showed persistence of the false lumen in the descending segment of the thoracic aorta in 27.3% and abdominal aorta of 81.8%.

Kusagawa et al.[25], in a 6-year experience with endovascular treatment for acute and chronic dissection, reported that the presence of reentry in the thoracic and abdominal aorta were correlated with the maintenance of the false lumen diameter in the thoracic aorta. The presence of abdominal visceral level reentry allowed the reduction or thrombosis of the false lumen of the thoracic aorta, demonstrating that the presence of reentry into the descending thoracic aorta is the limiting factor in this segment of the aortic remodeling.

Schoder et al.[29] demonstrated that endovascular treatment determined the false lumen thrombosis at the level of the stent graft in 90% of cases, 60% in the most distal segment of the stent graft and 22% in the segment of the abdominal aorta. It was justified by the presence of distal reentries.

Eggebrecht et al.[24], in 38 patients with complicated type B dissection underwent endovascular treatment, 10 patients in the acute phase and 28 in the chronic phase, reported early mortality of 11%, all of them occurring in patients treated in the acute phase.

Böckler et al.[30], studying 37 patients with complicated dissection, also demonstrated a 19% incidence of early mortality in patients treated during the acute phase of dissection and no deaths in patients treated in the chronic phase. These authors considered that this high mortality rate is due to the selection of patients, the severity of the case that requires immediate intervention. Given that these patients, despite the technical success of the occlusion of the false lumen by the stent graft, evolve with systemic complications from previous clinical condition. Thus, the cause of early death in the present study was mostly due to multiple organ failure and mesenteric ischemia, and other causes not related to the aorta. Therefore, in relation to the developmental stage of the disease in which the endovascular treatment is indicated, it seems that the incidence of false lumen thrombosis is higher in acute cases, despite early mortality also being higher in these patients, although it is determined by the previous clinical severity of these patients.

The retrograde dissection has also been described in the literature in up to 8% of cases[31].

According to Rubin et al.[32], this complication can take place early or even at a later period of the treatment.

The possible causes for retrograde dissection are inherent to the technical procedure, and as with intimal injury of the aortic wall by the tip of super-hard guide wires, or the ends of the stent delivery systems. It has also been linked to retrograde dissection. The proximal balloon inflating for accommodation can also lead to intimal injury[26]. The choice of prosthesis with much larger diameters than the lap anchor, which presented higher radial force against the aortic wall, is also an important cause of retrograde dissection or even rupture of the aortic wall[33].

According to Pamler et al.[34], Kasirajan et al.[33] and Rubin et al.[32] The presence of free proximal stent, "Free Flo", in close and direct contact with the weakened aortic wall, may also cause intimal injury. Bortone et al.[35], in 43 studied cases, reported 7.0% of early mortality because of retrograde dissection due to the use of stent graft with proximal free stent.

Dialetto et al.[36], in 28 patients treated with complicated Stanford type B dissection, presented 10.7% (03 patients) of early mortality, and the causes of death were retrograde dissection and rupture of the false lumen in two cases.

Recently, Fattori et al.[37] published data from 1995 to 2012 from the international registry of aortic dissection. 1129 consecutive patients with type B acute aortic dissection were monitored. Uncomplicated patients were medically treated (75.6%) and those with complicated dissection were indicated for the endovascular procedure (24.4%). The hospital mortality between the two groups was similar, but at a 5 year follow-up, the group that underwent endovascular treatment had a lower mortality of 15.5% compared to 29% of death in patients who were medically treated.

As a conclusion, we can say that the best current scientific evidence suggests that in complicated cases, endovascular therapy is the best treatment option, in the subacute and chronic uncomplicated cases, the endovascular treatment and the clinical treatment have similar short-term results, however in the long-term evaluation, the endovascular treatment has lower mortality rate, lower incidence of complications related to the aorta and lower disease progression. Regarding the treatment of this disease in its acute phase, future comparative and randomized studies are needed to define the best treatment to be indicated.
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    ABSTRACT

    Implantable cardiac pacing systems are a safe and effective treatment for symptomatic irreversible bradycardia. Under the proper indications, cardiac pacing might bring significant clinical benefit. Evidences from literature state that the action of the artificial pacing system, mainly when the ventricular lead is located at the apex of the right ventricle, produces negative effects to cardiac structure (remodeling, dilatation) and function (dissinchrony). Patients with previously compromised left ventricular function would benefit the least with conventional right ventricle apical pacing, and are exposed to the risk of developing higher incidence of morbidity and mortality for heart failure. However, after almost 6 decades of cardiac pacing, just a reduced portion of patients in general would develop these alterations. In this context, there are not completely clear some issues related to cardiac pacing and the development of this cardiomyopathy. Causality relationships among QRS widening with a left bundle branch block morphology, contractility alterations within the left ventricle, and certain substrates or clinical (previous systolic dysfunction, structural heart disease, time from implant) or electrical conditions (QRS duration, percentage of ventricular stimulation) are still subjecte of debate. This review analyses contemporary data regarding this new entity, and discusses alternatives of how to use cardiac pacing in this context, emphasizing cardiac resynchronization therapy.

    Descriptors: Pacemaker, Artificial. Cardiomyopathy, Dilated. Ventricular Dysfunction.

  

   

  
    RESUMO

    A estimulação cardíaca artificial (ECA) é o tratamento mais seguro e eficaz para a bradicardia sintomática irreversível. Nas indicações propícias, pode trazer grande benefício clínico. Contudo, as evidências mostram que a ação da ECA geraria, em alguns casos, efeitos deletérios à estrutura e fisiologia cardíacas. Este potencial efeito negativo da ECA convencional poderia ser mais acentuado principalmente em pacientes com comprometimento prévio da função ventricular esquerda e, sobretudo, quando o eletrodo é colocado em posição apical do ventrículo direito (VD). Intrigante é, contudo, que após quase 6 décadas de ECA do VD, apenas uma reduzida parcela de pacientes apresenta esta condição clinicamente manifesta. Os determinantes do surgimento ou não da cardiopatia por ECA não estão totalmente esclarecidos. Ainda é motivo de debate a existência de uma relação de causalidade entre o padrão de BRE artificial secundário à ativação antifisiológica ventricular, alterações da dinâmica contrátil ventricular, e condições clínicas (disfunção sistólica prévia, cardiopatia estrutural preexistente, tempo desde o implante) ou elétricas (duração do intervalo QRS, dose percentual de estimulação ventricular). Esta revisão aborda dados contemporâneos sobre esta nova entidade e discute alternativas de como utilizar a ECA neste contexto, com ênfase na terapia de ressincronização cardíaca.

    Descritores: Marca-Passo Artificial. Cardiomiopatia Dilatada. Disfunção Ventricular.

  

   

   

  INTRODUCTION

  Artificial cardiac pacing (ACP) is a consolidated, safe and effective treatment strategy that has been evolving for 60 years. A large number of devices are implanted annually in Brazil and the world. Although permanent pacemakers (PPM) and implantable cardioverter-defibrillators (ICD), associated or not with cardiac resynchronization therapy (CRT), have improved the prognosis of millions of patients[1], in some cases, cardiomyopathy appears as a result of the artificial anti-physiological ventricular activation induced by the ACP. The goal of this review is to address the evidence on the causes and consequences related to this secondary heart disease in relation to the profile of patients where this condition is more prevalent, in addition to the possible strategies to prevent it from occurring in patients who need ACP.

  Artificial cardiac pacing in different contexts

  The classic recommendations for the implantation of electronic ACP devices have been properly listed in the various Guidelines on the subject[2-5]. In general, PPMs are associated with an improvement in symptoms and quality of life in sinus node dysfunctions (SND), but without any significant impact on survival[2-5]. The prescribed systems are dual chamber, with its variations (DDD - sequential atrioventricular detection and stimulation; DDI - detection and atrioventricular pacing not synchronized to the P wave), or the single-atrial chamber system (AAI - atrial detection and stimulation). The latter, only in well-selected patients, when the atrioventricular (AV) conduction has been preserved. The single ventricular chamber mode (VVI - ventricular detection and pacing) would not bring any benefits because of the worse clinical outcome (loss of AV synchrony during sinus rhythm with risk of appearance of the pacemaker syndrome)[2,6]. When the heart rate (HR) response is inadequate for the patient's level of activity (chronotropic incompetence), and when it has to be brought towards the metabolic demand of the moment, the enabling of biosensors is indicated. In this case, the letter R is added to the nomenclature, which indicates the mode of operation of the device. For example: DDD-R.

  In patients with symptomatic atrioventricular block (AVB), the dual chamber mode is once again the one of choice, especially because it maintains the AV sequence, although in specific patient profiles, as well as in chronic atrial fibrillation (AF) with slow ventricular response, VVI pacing offers similar results[7,8]. Less often, in 1st degree AVB with a very prolonged PR interval (PRi) (>300 ms), dual chamber ACP is employed to correct the dyssynchrony due to the AV decoupling[2-5,9-11].

  Atrioventricular, intraventricular and interventricular synchrony

  In the 1990s, Pachón et al.[6] described the ventricular pacemaker syndrome. They observed that right ventricular ACP produced negative effects on the myocardial structure and function, with clinical expression of heart failure (HF). These harmful effects originated primarily in ventricular dyssinchrony (QRS widening), artificial left bundle branch block pattern (LBBB), the appearance or worsening of mitral regurgitation (RMit), and other effects attributed to the action of the anti-physiological activation of the RV (Chart 1). They distinguished it from classic pacemaker syndrome, which is typically caused by AV dyssynchrony in patients with PPM[6].
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  It is known that maximum cardiac efficiency depends on the mechanically synchronous contraction of the ventricular walls, enabled by the coordinated action of different segments through the propagation of the electrical stimulus in all components of the conduction system[12-15]. This is represented graphically in the ECG by duration of the QRS interval (diQRS) of less than 120ms. Conventional ACP of the RV alters the morphology and the diQRS, varying according to the degree of activation of the specific conduction tissue, the presence of previous heart disease and the topography of the electrode in the RV.

  The appearance of abnormal electrical delay because of the spreading of the stimulus outside the physiological conduction system, compromises the mechanical ventricular efficiency and characterizes the dyssynchrony. It is generally acknowledged[6,16] that the LBBB pattern alters the contractile pattern of the ventricular walls and promotes the paradoxical contraction of the interventricular septum. It also causes dyssynchrony of the papillary muscles, with additional functional impairment of the RMit[17], generating loss of systolic efficiency and higher morbidity and mortality due to HF[6,10,12-15,18-23]. It is estimated that up to 50% of the cases of ACP of the RV evolve in this way, and this would explain the reason why some patients do not present a satisfactory clinical improvement, even though the electrical disturbance is being treated by the ACP[6].

  The myocardial contraction by the ACP would be hemodynamically efficient, but mechanically anti-physiological. This forces the patient to live with a certain degree of ventricular dysfunction and dyssynchronopathy, which is clinically more or less evident depending mostly on the myocardial functional reserve mechanisms and on the pre-existing myocardial condition[18]. For this reason, in some cases of normal hearts, LBBB induced by ACP may apparently not cause a very significant impairment of the left ventricular function, or the dysfunction may remain subclinical and take years to be noticed, making it seem that other factors were involved in this dyssynchronopathy[24-27].

  Hori et al.[27], on the other hand, suggested that electromechanical dyssynchrony in the context of ACP could be more serious if associated with systolic dysfunction and LBBB from other causes, more than when normal LV ejection fraction (LVEF) and LBBB by artificial activation of the RV occurs isolated. However, the diQRS could not exactly reflect the degree of mechanical dyssynchrony generated by the ACP in patients with preserved systolic function. Although the ECG appears similar, LBBB from ACP has some peculiar characteristics[28]. When analyzed by Tissue Doppler Echocardiography, the artificially induced contractile delay pattern can be different when compared to LBBB from other causes, not necessarily expressing a significant underlying heart disease[29]. The BioPace study[30] (follow-up longer than 5 years of more than a thousand patients) is under way, which addresses the potential secondary negative effects of ACP of the RV prospectively, especially whether the electrical dyssynchrony generated by artificial LBBB is comparable to the LBBB of other etiologies, or if the damage depends on the pre-existence of ventricular dysfunction or structural heart disease.

  Still from a hemodynamic perspective, it is said that the maintenance of intra- and interventricular synchrony would be more important than the AV synchrony for a better myocardial function[6,11]. These events, however, are definitely related. When we program the atrioventricular interval (iAV), and depending on the underlying disease (SND or AVB), we can generate different percentage ("doses") of cumulative ventricular pacing (%CVP) and, therefore, potentially several degrees of dyssynchronopathy[20,21], which may already be present with a CVP between 25% and 40%[5,31,32]. Despite the great theoretical importance of the sequential atrioventricular electrical coordination, this does not mean the certainty of mechanical synchrony between these chambers. Studies[33,34] have found that ACP, especially when RV apical, impairs the left atrial drain, which harms ventricular filling despite maintaining the AV sequence. This effect would also be more pronounced in patients with previous systolic dysfunction, and less when the iAV is optimized and the LVEF is preserved. This stresses both, the role of better iAV to mitigate the iatrogenic potential of the artificial activation of the RV, as the importance of the existence of a substrate, for example the systolic dysfunction, for the synergism of these effects.

  Evidence, myths and truths: how much is important?

  The specific profile of patients predisposed or vulnerable to the emergence of harmful electromechanical effects produced by ACP is still up to debate and the subject of research. Due to factors that haven't yet been fully understood, but that are evident after 6 decades of cardiac pacing, the unfavorable clinical outcome is not a condition that can be associated 100% with ACP[13,15].

  A substantial number of studies associated ACP of the RV with an increased risk of HF and other outcomes (especially atrial fibrillation). Almost none of these, however, directly registered a higher mortality, and many were based on the analysis of small populations (Table 1). Several of them are also the result of comparisons between the AAI and DDD modes against the VVI mode, counting, in the latter case, with the potential bias of AV dyssynchrony in the genesis of these alterations.
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  The importance of such clinical characteristics as the substrate for the development of heart disease in the context of ACP, and not necessarily because of ACP, has been emphasized in other publications. Studies show that the greatest risk of an unfavorable outcome could be determined by the pre-existence of other factors, such as: structural heart disease, systolic dysfunction (LVEF<40 %), left ventricular mass index >130g/m2 or coronary artery disease[27,32].

  In patients with recommendation for PPM in SND, the risk of developing chronic AF and cerebral vascular accident (CVA) - stroke - was more strongly determined by previously present clinical variables than by artificial pacing of the RV, when AV synchrony was maintained[33-36]. A post-hoc analysis of DANPACE[37] revealed that it can be safe to use the DDD-R mode in patients with SND and without heart disease with preserved systolic function. The DDD-R pacing in this study did not generate differences in terms of HF when compared to the AAI-R mode (with intrinsic ventricular activation). After a mean follow-up of 5.4 years (which some consider insufficient for the profile of the patients under study), the absolute drop in LVEF was less than 5%. The authors stressed, however, that the clinical characteristics (age, hypertension, coronary artery disease, left ventricular diastolic diameter and/or previous systolic dysfunction) are probably the major determinants of the risk of developing symptomatic HF in the presence of ACP, independent of the site of the electrode (apical vs. non apical) and the percentage of CVP[37].

  The classic MOST study[38], which was designed to demonstrate the differences between the ACP with physiological AV sequence (DDD-R) versus VVI-R in 2,010 patients with SND and preserved LVEF, revealed that a percentage of CVP exceeding 40% is an independent predictor of the onset of HF. This point is taken as a reference in several Guidelines[3-5]. Although seemingly contradictory, however, until today no full light has been shed on the reasons that explain this study's observation that in the bicameral mode, which is theoretically more physiological for the temporal preservation of AV, the required dose of CVP to trigger deleterious effects attributed to ACP corresponded to half (40% vs. 80%) of the one required in the VVIR system for the same damage[39]. A possible explanation could be the dyssynchrony aggregated to an iAV that was not ideally programmed in the DDD group, confirming that the AV sequence is, in fact, different from the concept of AV synchrony. Also relevant in this context, a sub-analysis of MOST revealed that the evolution to HF actually happens in less than 10% of cases, mostly associated with coronary artery disease or prior structural heart disease[40].

  Although the literature[6,9,12,13,19,21,22] and the positioning of the scientific community are strongly indicative of the fact that any patient under the action of ACP is potentially vulnerable to the appearance of this heart disease, many of the same publications also stress that patients without previous heart disease have a good tolerance to artificial pacing of the RV[6,13,15,37]. For Sweeney and Prinzen, the risk of developing HF in 2 years in structurally normal hearts lies between 0.76% and 1.7 %, which is probably similar to what can be expected in the normal population without a PPM[13,31]. However, even depending on the relationship between the elapsed time since the implant and the percentage of CVP dose, it is interesting to see that today there are millions of patients with devices that artificially activate the RV, and we are nevertheless not experiencing an HF epidemic due to this fact.

  On this point about the relationship between the time since the first implant and the progression to heart disease because of ACP in patients with congenital AVB and without known prior structural heart disease, Yu et al.[41] define heart disease associated with ACP when the LVEF <45% and there is ventricular dyssynchrony caused by artificial activation of the RV, in the absence of another cardiomyopathy that could justify it. In this profile of patients with prolonged follow-up times, an incidence of 9% in the 1st year after implantation of PPM is described[41]. Other authors presented a variable prevalence: 13% After 9.7 years (± 2.9 years) of artificial pacing of the RV[42], up to 15.4% after almost 25 years (24.6±5.6 years) of ACP[43]. When assessing the correlation between ACP, HF and the presence of specific antibodies, Sagar et al.[44] found an association with specific antibodies in a group of patients with a PPM for congenital AVB without structural heart disease. This restates that, in this context, the risk could very well not derive simply from the effect of ACP, but instead be related to other etiological agents.

  As cited, several publications[15,27,45] confirm the negative effects of ACP of the RV (Table 2) in this clinical- pathological context. There is a record that the highest risk of heart disease by ACP occurs when this generates greater degrees of intraventricular dyssynchrony[43], in addition to the presence of other factors being necessary, for example, ventricular remodeling, arterial hypertension, coronary heart disease etc., reinforcing the thesis of the need for a substrate.
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  The vast majority of patients with implantable cardioverter-defibrillators (ICD) have a pre-existing heart disease. There are records that these conditions have a worse evolution with artificial (apical) activation of the RV, the main site for placing the shock electrode[6,18]. In these cases, the risk approximates 50% for the development of ACP's associated cardiomyopathy within 2 years[13]. Retrospective studies of the results of DAVID[32] and MADIT-II[46] indicate that ACP of the RV is less tolerated when there is previous systolic dysfunction. Up to the 1st year, HF symptoms arose in the dependence of CVP percentage (>40% in DAVID[32] and >50% in the MADIT II[46]), which was a clear dose-response relationship[22]. It is important to highlight, however, that in DAVID[32], the patients programmed for a DDD-R with a long IAV, who accumulated 11% of CVP, made up the group with the best tolerance for ACP. This could suggest that, in this population, it is best not to stimulate the RV from the apex. And if there is no other way, then it should be done with the best AV synchrony.

  This hypothesis also proved to be valid according to the results of the INTRINSIC RV[47], confirming that in some scenarios, a certain CVP percentage of the RV may be necessary, provided that the AV synchrony is preserved. This study revealed after 1 year of follow-up that a high cumulative CVP percentage is associated with a higher rate of hospitalization for HF, ventricular tachycardia and mortality. However, better results were obtained in the group with a CVP between 10-19% (2.8% of occurrences) when compared to the group with <10% (8.1% of occurrences)[47]. The reason for these findings would once again lie in the inherent harm of the decoupling of the AV produced by the algorithm that minimized the activation of the RV.

  It is important to highlight, however, that there is no concrete data on the role that some assisting drugs, such as those that affect the renin-angiotensin-aldosterone system and that have proven beneficial in the context of the clinical treatment of HF, would play in secondary structural remodeling of the ACP of the RV, both in the scenario of patients without heart disease (preventive effect), as in those with impaired systolic function.

  With technological developments, is there a best strategy for cardiac pacing?

  As of today, there is no unanimous definition of the best system, mode of operation or anatomic site for ACP[19]. Among the vulnerable individuals, the unfavorable evolution for the appearance of heart disease because of ACP could be linked to the interaction of at least 3 factors: (1) patient-substrate: normal heart versus pre-existing heart disease and systolic dysfunction (LVEF< 45 %)[13,15,18,27,31,48,49]; (2) ACP time and dose (%CVP): worse if >40% of time[32,35,46,50]; and (3) degree of dyssynchrony generated (ventricular lead site[4849,51,52], diQRS generated[53] and artificial LBBB[54]).

  The interposition of RV pacing in individuals with pre-existing systolic dysfunction (variable proportion of those who receive a conventional PPM, but a significant group within those who implant ICDs)[21] accelerates the onset of heart disease by ACP and it is probably in this group that ACP of the RV should be minimized or even eliminated, when possible[52,55]. In search of a better clinical outcome, we grouped the ways of using ACP in two sets:

  � Using algorithms to minimize RV pacing through the manipulation of the iAV (programming of the device);

  � Using variants of cardiac stimulation systems: a) atrial single-chamber (AAI); b) alternative sites for the electrode implant; c) multisite pacing: biventricular and bifocal of the RV.

  Most of the algorithms that minimize the ACP of the RV are basically looking for functionality in the AAI-R mode. Some of them are complemented with backup ventricular pacing (change to the DDD-R mode). However, these algorithms can at the same time produce AV decoupling and dyssynchrony by allowing for long, unrestricted and non-physiological iAVs. A better AV synchrony optimizes the myocardial pump by allowing atrial contraction at the appropriate pre-ejective ventricular moment. It also maximizes the diastolic ventricular filling (pre-loading). The AV synchrony is also beneficial to the mitral valve functioning and maintains the atrial pressures at significantly lower levels[17]. AV dyssynchrony, on the other hand, reduces cardiac output at rest from 20% to up to 50%[6,56]. A meta-analysis of more than 7,000 patients (Figure 1), which compared the ACP based on atria (AAI operation and, therefore, intrinsic QRS) with conventional stimulation of the RV, did not reveal significant differences in mortality or in the combined outcome of stroke and mortality or hospitalization for HF[57]. In another publication it was demonstrated that the iPR and the dose (%) of atrial stimulation were independent predictors of AV dissociation. When AV decoupling occurred, the cumulative CVP increased 10 times in comparison to patients without this electromechanical effect[58].
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  In a comprehensive manner, without distinguishing between patients with normal systolic function and those with impaired LVEF, the current Guidelines[2-5] recommend (level of evidence C) the use of algorithms that are able to maximally exploit the intrinsic AV conduction. However, we are not sure if with this form of stimulation we are not at the same time, in certain contexts and patient profiles (iPR> 300 ms), changing the sequence of mechanical coupling between atria and ventricles[52]. The maximum limit of iAV before AV dyssynchrony appears, however, has not been determined exactly, and neither are there data available to establish how much the minimization of the stimulus of the RV, at the expense of AV dyssynchrony, outweighs the risk of artificial ventricular activation.

  When alternative ACP strategies are considered, through single-chamber atrial functioning, either by placing a single electrode or by programming the AAI mode, one must face the non-negligible risk of symptomatic associated AVB, which incidence is variable in the literature. The Brazilian Guidelines[2] cite an incidence of 8.4% in this context. If the patient with SND has some other kind intraventricular conduction or atrial fibrillation disorder, the incidence increases to more significant values[59-62]. It is worth pointing out that the first clinical manifestation of AV dysfunction is syncope in up to 50% of cases[21], which, paradoxically, is one of the most important symptoms to be relieved by implantation of a PPM.

  Endocardial cardiac pacing has traditionally been performed with implantation of the electrode at the apex of the RV because of the electrical stability and, above all, the surgical ease, since it is the most accessible transvenous way[18]. Virtually all studies on artificial ventricular pacing have shown some kind of influence of the activation site on the cardiac hemodynamics. For this reason, alternatives for the stimulation of different topographies instead of the apex of the right ventricle have been assessed, especially the outflow tract of the RV, a septal and para-Hissian location, or even the endocardial pacing of the LV. Studies in patients with SND and preserved AV conduction, with randomization for the apical versus the outflow tract of the RV, and that contemplated these aspects, demonstrated the superiority of the latter location in terms of LVEF and remodeling when the follow-up exceeded 18 months[63,64]. Because of the methodological differences for the confirmation of the position of the electrode, however, and because we know that a great part of the hemodynamic results would depend on the obtained diQRS[65], until the moment these findings have not been incorporated into the Guidelines.

  Pachón et al.[66-68] used bifocal pacing of the RV (conventional electrodes in septum and apex) in an attempt to promote the resynchronization of the LV. Despite the relatively small number of patients, the authors observed a reduction in diQRS and mitral regurgitation, in addition to significant improvement of systolic and diastolic function, which resulted in functional and quality of life improvements for the individuals. They proposed this alternative for cases with less myocardial impairment, as would be the case in heart conditions exclusively secondary to ACP, and/or when CRT is not possible by placing the LV electrode via coronary sinus. Despite the apparent good results, the most recent Guidelines[4,5] also don't consider this proposal.

  With the evidence and the clinical practice, an understanding is mounting of the role of primary prevention of HF by CRT. To prevent heart disease induced by ACP, there could be benefits to the upgrade to a multisite pacing system when is indicated to implant a device (PPM or ICD) and there is reduced when there is reduced LVEF (<35 or 40%), and the prediction of high cumulative CVP[3-5] (Table 2). While the European Guidelines[3] do not establish a definite value for CVP, the American Guidelines[5] mention that it must exceed 40% for a recommendation IIa. The American Guidelines also state that despite the absence of symptoms at the time of elective replacement of the conventional PPM generator, when there is reduced LVEF, the upgrade to CRT could be associated with a better outcome[65,69,70].

  However, from the same perspective that the role of multisite pacing is more a preventive than a therapeutic strategy, the theory arises that in patients with preserved or less compromised systolic function, CRT could revert the dyssynchrony artificially produced by the action of ACP[69,71]. There is also evidence[14,72] that it would be plausible to prescribe CRT for these patients since the first implant. A prospective and randomized study[73] reported the superiority of CRT in comparison to apical RV pacing in patients with preserved LVEF and bradycardia. A post-hoc analysis of the MADIT-CRT[74] found up to 38% of patients with EF>30% (ranging from 30-45.3%), with these patients having significant clinical benefits with CRT and, surprisingly, showing an even more pronounced reduction of the risk of events when compared to those with more depressed LVEF (reduction of 44% of primary outcomes, including mortality from any cause).

  Another study[75] that compared conventional pacing in complete AVB with CRT in 918 patients with a mean LVEF of 40%, showed that the combined outcome of death from any cause, emergency treatment for HF, and increase in end-systolic volume of the LV, was less frequent with biventricular pacing (53.3% vs. 64.3%). The result of this study suggests that CRT supports the ventricular function in patients who require ACP and with moderately reduced LVEF. These data were supported by the PACE study[71], which demonstrated that the potential deleterious effects of RV apical pacing could be avoided with CRT in patients with moderately reduced LVEF.

  In conclusion, is there a best strategy for cardiac pacing? The analyzed literature reports that the vast majority of patients with a structurally normal heart and preserved systolic function tolerates, in varying degrees, any changes generated by ACP of the RV. This is possible due to the operation of mechanisms of the myocardial functional reserve. When there is a prior impairment of systolic function and, probably, these compensatory mechanisms have been exhausted, the set of alterations, such as the increase of diQRS, ventricular dyssynchrony and the artificially generated LBBB, gives rise to the ventricular pacemaker syndrome[6] and clinically manifest HF. Therefore, when the implantation of a device is indispensable, one must thoroughly assess the patient-substrate set, the systolic function and the AV conduction in order to estimate the cumulative CVP and to establish, based on this, the decision flow (Figure 2)[52]. In patients with AV dyssynchrony and a structurally normal heart (preserved LVEF), a programming that allows for non-physiological iAVs or that may cause AV uncoupling, may not be suitable. When the AV conduction is preserved, one should look to minimize RV pacing by the use of specific algorithms, also trying not to generate paradoxical AV dyssynchrony. If ACP of the RV is mandatory, and if there is no concomitant systolic dysfunction or structural heart disease, we can be confident that the probability of the patient progressing to HF by ACP is low[13,15,22,23,27,37,39]. In these patients, one can try to implant the electrode in a septal position or in the RV outflow tract in order to obtain a more favorable activation vector with greater probability of capturing the intrinsic conduction system and producing lower diQRS. In patients with LVEF <50% and anticipation of high CVP percentage (>40%), CRT should be stratetic choice.
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  CONCLUSION

  ACP is a safe and effective therapy for the treatment of irreversible bradyarrhythmias, but it is not devoid of potential adverse effects. Patients who receive devices for conventional indications, and who have structurally normal hearts and preserved LVEF, often present less secondary heart diseases from ACP, even with high doses of cumulative artificial activation (%CVP) of the RV. In the absence of a substrate and predisposing factors, some doubt remains about which clinical, hemodynamic, structural or even genetic circumstances we should care for to avoid heart disease induced by ACP of the RV. Cardiac resynchronization therapy emerges, in the context of dyssyncropathy, extended diQRS, artificial LBBB pattern and %CVP by ACP, as the most promising option for treatment, while the role of other strategies remains controversial.
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ABSTRACT

Postperfusion lung syndrome is rare but can be lethal. The underlying mechanism remains uncertain but triggering inflammatory cascades have become an accepted etiology. A better understanding of the pathophysiology and the roles of inflammatory mediators in the development of the syndrome is imperative in the determination of therapeutic options and promotion of patients' prognosis and survival. Postperfusion lung syndrome is similar to adult respiratory distress syndrome in clinical features, diagnostic approaches and management strategies. However, the etiologies and predisposing risk factors may differ between each other. The prognosis of the postperfusion lung syndrome can be poorer in comparison to acute respiratory distress syndrome due to the secondary multiple organ failure and triple acid-base imbalance. Current management strategies are focusing on attenuating inflammatory responses and preventing from pulmonary ischemia-reperfusion injury. Choices of cardiopulmonary bypass circuit and apparatus, innovative cardiopulmonary bypass techniques, modified surgical maneuvers and several pharmaceutical agents can be potential preventive strategies for acute lung injury during cardiopulmonary bypass.

Descriptors: Acid-Base Imbalance. Cardiopulmonary Bypass. Multiple Organ Failure. Respiratory Insufficiency. Ventilators, Mechanical.



 


RESUMO

Síndrome pós-perfusão pulmonar é rara, mas pode ser letal. O mecanismo subjacente permanece incerto, mas desencadear cascatas inflamatórias tornou-se uma etiologia aceita. É imperativo uma melhor compreensão da fisiopatologia e os papéis de mediadores inflamatórios no desenvolvimento da síndrome na determinação de opções terapêuticas e de promoção do prognóstico e sobrevida dos pacientes. Síndrome pós-perfusão pulmonar é semelhante à síndrome da angústia respiratória do adulto em características clínicas, métodos diagnósticos e estratégias de gestão. No entanto, as etiologias e fatores de risco predisponentes podem ser diferentes entre si. O prognóstico da síndrome pós-perfusão pulmonar pode ser mais pobres em comparação com síndrome da angústia respiratória aguda, devido à falência de múltiplos órgãos secundária e desequilíbrio ácido-base triplo. Estratégias de gestão atuais centram-se em atenuar reações inflamatórias e impedir lesão pulmonar de isquemia-reperfusão. Escolhas do circuito de circulação extracorpórea e aparelhos, técnicas inovadoras de circulação extracorpórea, manobras cirúrgicas modificadas e vários agentes farmacêuticos podem ser potenciais estratégias preventivas para lesão pulmonar aguda durante a circulação extracorpórea.

Descritores: Desequilíbrio Ácido-Base. Ponte Cardiopulmonar. Insuficiência de Múltiplos Órgãos. Insuficiência Respiratória. Ventiladores Mecânicos.



 

 

INTRODUCTION

Acute respiratory distress syndrome (ARDS), also known as respiratory distress syndrome, adult respiratory distress syndrome, or shock lung, is a fatal pulmonary parenchymal disorder as sequelae of respiratory infection, trauma, or stress triggered by pulmonary cytokine release, impaired endothelial barriers and surfactant deficiency resulting in fluid accumulation in the distal airspaces, fibrotic changes and eventually impaired gas exchange. The ARDS that develops early after cardiopulmonary bypass (CPB) is known as postperfusion or post-pump syndrome, which remains a significant clinical problem on those patients receiving heart operations under CPB[1]. In the early years, postperfusion lung syndrome was taken as a prerequisite condition of cardiac surgical patients that may develop into ARDS if it is not properly treated[2]. However, this argument is not supported by modern theories. Postperfusion lung syndrome is rare but refractory. It was reported that the incidence of postperfusion lung syndrome was 1-2%[3], but the mortality could be as high as 91.6%, with 70% patients developing multiple organ failure[4]. An early diagnosis and timely treatment are crucial for the patients' outcomes.

A consensus committee has provided objective criteria for the diagnosis of ARDS, and has defined acute lung injury (ALI) as a less severe form of ARDS[5]. In 1994, the American-European Consensus Conference on ARDS set the criteria for the diagnosis of ALI and ARDS[6]. Both ALI and ARDS were characterized by an acute onset, bilateral pulmonary infiltrations on chest X-ray and pulmonary wedge pressure <18 mmHg. The only differential criterion for both disorders was arterial oxygen tension (PaO2)/fractional inspired oxygen (FiO2) <300 mmHg in ALI, but PaO2/FiO2 <200 mmHg in ARDS. In 2012, the Berlin Definition was developed, focusing on feasibility, reliability, validity and objective evaluation of the performances. ARDS was classified into 3 levels based on degree of hypoxemia: mild (200 mmHg < PaO2/FiO2 <300 mmHg) moderate (100 mmHg <PaO2/FiO2 <200 mmHg) and severe (PaO2/FiO2 <100 mmHg); and 4 ancillary variables for severe ARDS: radiographic severity, respiratory system compliance (<40 mL/cmH2O), positive end-expiratory pressure (>10 cmH2O) and corrected expired volume per minute (>10 L/min)[7]. The pulmonary inflammatory responses subsequent to CPB mostly result in subclinical symptoms, but may lead to major organ dysfunction and multiple organ failure including ARDS in only 2% of the patients[4]. In spite of rarity, ALI/ARDS remains the important cause leading to patients' death[8]. CPB may be of considerable pulmonary pathophysiological consequences in terms of the alveolar-arterial oxygenation gradient [P(A-a)O2], intrapulmonary shunt, degree of pulmonary edema, pulmonary compliance and pulmonary vascular resistance, and may eventually lead to pulmonary dysfunction[7]. The respiratory dysfunction can be a result of pulmonary ischemia-reperfusion injury, interstitial edema and impaired microcirculation induced by CPB with activated cytokines, enhanced reactive oxygen species and reduced endogenous nitric oxide production[9,10]. At present, the underlying mechanisms of postoperative ALI/ARDS still remain uncertain and the pathophysiological aspects have not been comprehensively stated. A better understanding of the pathophysiology and roles of inflammatory mediators in the development of the syndrome is imperative in the determination of therapeutic options and promotion of patients' prognosis and survival[11]. This article aims to highlight postperfusion lung syndrome in terms of the pertinent pathophysiological changes, mechanisms and risk factors as well as the potentially effective management and preventive strategies.

 

MAJOR DIFFERENTIATIONS BETWEEN ACUTE RESPIRATORY DISTRESS SYNDROME AND POSTPERFUSION LUNG SYNDROME

Both ARDS and postperfusion lung syndrome have similar mechanisms of triggering inflammatory processes. They also share similar clinical features, diagnostic approaches and management strategies. However, their etiologies and predisposing risk factors differ between each other. As the pulmonary pathologies are more severe in the patients with postperfusion lung syndrome, the prognosis of these patients are always poorer than those with ARDS. The multiple organ failure rate was likely to be higher in the patients with postperfusion lung syndrome than with ARDS. Ge et al.[12] reported 15 patients with ARDS, the extrapulmonary organ failure involving 0, 1, 2 and 3 organs were found in 20% (3/15), 20% (3/15), 26.7% (4/15) and 33.3% (5/15) patients, respectively with the heart being the most involved organ followed by kidney, digestive tract, central nervous system, hematological system and liver. The mortalities were respectively 0% (0/3), 33.3% (1/3), 50% (2/4) and 100% (5/5) with an overall mortality of 53.3% (8/15). The major similarities and differences between the two syndromes are listed in Table 1.
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Pathophysiology

Respiratory indicators

PaO2/FiO2, PaO2 and arterial/alveolar oxygen tension ratio [P(A/a)O2] are all simple and noninvasive indicators of pulmonary gas exchange impairment. PaO2 is easily influenced by mechanical ventilation and FiO2 and also influenced by geographic diversity and patient's age. As PaO2 decreases in all types of respiratory failure, it cannot reflect the actual respiratory function and may therefore be less reliable, but leading to a delayed diagnosis if taken for an early diagnosis of ARDS[17]. P(A-a)O2 is an indicator of gas exchange (oxygen intake) impairment. Increase of P(A-a)O2 mean deficiency of gas exchange and is likely to be more sensitive than the decrease of PaO2. As P(A-a)O2 is affected by FiO2, its use in patients with oxygen therapy is limited. It is also affected by patient's age, position, cardiac output, oxygen dissociation curve and closing capacity. PaO2/FiO2, also termed as oxygenation index, shows a good correlation with intrapulmonary shunting, and can better reflect anoxia even in the condition of oxygen therapy. PaO2/FiO2 is affected by methods of oxygen supply and oxygen concentration, and hence it is an indicator of impairments of the pulmonary vascular beds and alveoli, irrelevant to extrapulmonary organ failure[18].

Respiratory index (RI) is the ratio of P(A-a)O2 to PaO2, less affected by ventilation method or FiO2. Therefore, it may reflect the actual pulmonary function and is helpful in the early diagnosis of ARDS. The normal range of RI is 0.1-0.3. RI >2.5 represents a high risk for the development of ARDS, and RI >3.0 is a diagnostic indicator of ARDS[19]. RI <2.5 as shown in daily repeated blood-gas analysis can be an indicator for safe extubation[20]. ARDS patients with sustained RI elevation may eventually develop multiple organ failure[21].

Lung compliance

Type II cells are thicker, square-shaped cells and their main function is to produce surfactant. Surfactant plays an essential role in preventing the alveoli from collapsing. Increase in capillary endothelial and/or alveolar epithelial permeability and pulmonary surfactant deficiency from type II cell impairment may inevitably result in pulmonary compliance reduction. The inflammatory process and alveolar flooding lead to severe ventilation-perfusion mismatch and intrapulmonary shunt, which are manifested clinically as severe hypoxia with a decrease in the PaO2/FiO2 ratio. Generally, with a marked reduction in lung compliance, the work of breathing and the physiologic dead space increase. Mechanical ventilation may reverse hypoxemia of ALI and prevent from developing into ARDS. However, airway injury and hypokinemia may occur under the treatment of a high positive end-expiratory pressure (PEEP) and positive pressure support. This may in turn worsen the systemic inflammatory reactions and lead to extrapulmonary organ dysfunction or failure[22]. With increasing PEEP, PaO2/FiO2 increases and static lung compliance stabilizes. However, a 20-cmH2O PEEP can be a turning point of PaO2/FiO2 and static lung compliance fall[23].

Clinical studies revealed close positive correlations between PEEP, cardiac output or peak pressure of airway and PaO2/FiO2, and weak correlations between PaO2/FiO2 and oxygen supply or static lung compliance (Figure 1)[23]. Pulmonary dynamic compliance and oxygenation index correlated significantly in ARDS patients irrespective of patients' outcome (Figure 2)[24]. In ALI models, RI correlated positively, but PaO2/FiO2 correlated negatively to plasma soluble intercellular adhesion molecule-1, showing a significant correlation in the experimental other than in the control group (Figure 3)[25].
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Extravascular lung water

Extravascular lung water is the fluid distributed beyond the pulmonary vessels. It is composed of intracellular, intra-alveolar and alveolar interstitial fluid. Little intracellular fluid change stands out the effects of intra-alveolar and alveolar interstitial fluid in the formation of pulmonary edema. Increase of extravascular lung water is a prominent feature of ARDS and the actual reason for refractory hypoxemia. Clinically, extravascular lung water index (EVLWI) is an indicator for the description of extravascular lung water. The normal range of EVLWI is 3.0-7.0 mL/kg. An EVLWI >7.0 mL/kg suggests the presence of pulmonary edema[26]. Extravascular lung water positively correlated with lung injury severity and oxygenation but negatively correlated pulmonary compliance[27]. Stratified analysis illustrated a strong negative correlation between EVLWI and PaO2/FiO2 when EVLWI >12 mL/kg and also a strong negative correlation between pulmonary vascular permeability index and PaO2/FiO2 when pulmonary vascular permeability index >5[28]. Kushimoto et al. [29] found, in a multicenter retrospective study, that the severity of ARDS closely correlated with increase of EVLWI and pulmonary vascular permeability index. A report also stressed on that EVLWI may be associated with severity of ARDS, ventilation duration, Intensive Care Unit stay and mortality[30]. EVLWI is therefore a useful tool for the evaluation of pulmonary function, superior to PaO2/FiO2 and chest roentgenogram.

Intrapulmonary shunting

The major etiology of hypoxia in ARDS patients is functional intrapulmonary shunting. A pulmonary shunt is a condition of ventilation-perfusion mismatch with normal blood perfusion but insufficient ventilation of the lungs. Intrapulmonary shunting has a close relation negative to PaO2/FiO2, but positive to P(A-a)O2[31], and is also affected by pulmonary artery wedge pressure and cardiac index[32]. Normally, pulmonary shunt is 2-5%[33]. The intrapulmonary shunt is optimal in assessing the severity of hypoxemia. An intrapulmonary shunt <15% as well as P(A-a)O2 difference <75 mmHg is helpful for the exclusion of ARDS[34]. A shunt of 10-19% usually does not need ventilation support; whereas a shunt of 20-29% can be a fatal sign in patients with impaired cardiac function, and a shunt >30% requires circulatory support[35]. In normal subjects and experimental animals with ARDS, PEEP did not alter the distribution of blood flow; the apparent perfusion ratio remained constant when PEEP was increased from 5 to 10 cmH2O[36]. However, when a positive end-expiratory plateau was added to intermittent positive pressure ventilation, intrapulmonary shunting may decrease and the disrupted surfactant production may take into action[37].

Acid-base imbalances

In the early stage of ARDS, respiratory alkalosis is the most common type of acid-base imbalance followed by metabolic acidosis and combined respiratory alkalosis and metabolic alkalosis. In its late stage, patients may develop respiratory acidosis, respiratory acidosis associated with metabolic acidosis and even triple acid-base imbalance. The triple acid-base imbalance can be a respiratory alkalosis or a respiratory acidosis type. The respiratory alkalosis type is respiratory alkalosis associated with metabolic acidosis and metabolic alkalosis, which is often developed from uncorrected primary respiratory alkalosis, while using diuretics and glucocorticoids (for metabolic alkalosis), or in the presence of severe hypoxia, renal dysfunction, or shock (for metabolic acidosis) and electrolyte imbalance (hypokalemia, normal or high blood chloride, and normal or reduced blood sodium). Patients with this type triple acid-base imbalance are often with a poor outcome[38].

The respiratory acidosis type triple acid-base imbalance is respiratory acidosis associated with metabolic acidosis and metabolic alkalosis, which is less common but may occur in the condition of reduced ventilation and carbon dioxide retention, often associated with normal or high blood potassium and normal or reduced blood chloride and sodium [38].

 

MECHANISMS

The exact mechanism of postperfusion lung syndrome remains uncertain, but it may probably be due to the inflammatory cascade induced by contact between blood and CPB circuit and the subsequent activations of leukocytes, platelets, coagulation and fibrinolysis system and kallikrein-bradykinin and complement system. After crossclamp removal, joint actions of protease release by leukocytes in the pulmonary vascular beds, production of oxygen free radicals and intestinal endotoxin translocation lead to increased pulmonary microvascular permeability, microthrombus formation in the pulmonary vessels and the quality and quantity changes of pulmonary surfactant predispose to the development of postperfusion lung syndrome[39]. The significant complement activation and organ neutrophil sequestration contribute to vascular injury, and hence patients undergoing cardiac operation under CPB showed increased circulating endotoxin and tumor necrosis factor (TNF) levels[40,41].

Alveolar macrophages are prone to be activated, releasing many inflammatory mediators including TNF-α, interleukin (IL)-6 and IL-8 and superoxide dismutase, etc., and damaging vascular endothelium and alveolar epithelium, thus making the lungs being the first target organ of insult. TNF-α and IL-6 may cause direct lung injury effects by inducing early inflammatory reactions, releasing toxic products and increasing pulmonary permeability[42]. In the lung, TNF-α is generated by activated pulmonary macrophages and accumulates in the bronchoalveolar lavage fluid of ALI patients[43]. The pathogenesis of TNF-α with receptors in neutrophil activation and infiltration of lung injury remain unclear. However, it has been noted that neutrophil accumulation and lung leak were abrogated in mice lacking the p55 TNF-α receptor[44]. TNF-α also stimulates the adhesions of the endothelial cells and neutrophils, and impacts a toxic effect by release of proteases, oxygen free radicals and superoxide dismutase. Productions of ILs including ILs-1, -2, -6 and -8 would be increased by stimulations of mon-macrocytes strengthening the lung injury. Accordingly, an early appearance of TNF-α may herald the development of ARDS and the synthesis and secretion of ILs.

 

RISK FACTORS

Both direct and indirect lung injuries can be predisposing risk factors leading to ARDS. Surgical trauma and CPB are among indirect risk factors[13]. Christenson et al.[2] reported insufficient perfusion of visceral organs caused by low output syndrome and prolonged hypotension might be responsible for the development of postperfusion lung syndrome. Rady et al.[45] observed that early postoperative pulmonary dysfunction was associated with preoperative (age >75 years, body mass index > 30 kg/m2, mean pulmonary arterial pressure > 20 mmHg, stroke volume index >30 mL/m2, serum albumin and history of cerebral vascular disease), operative (emergency surgery and CPB duration >140 min) and postoperative variables (hematocrit >30%, mean arterial pressure >90 mmHg and cardiac index >3.0 L/min/m2). Besides, preoperative cardiac function impairment, bloodstream infection, prolonged crossclamp and operation durations, hypotension episodes and hypogammaglobulinemia can be risk factors of postperfusion lung syndrome[46].

 

PREVENTION

Apostolakis et al.[47] summarized preventive strategies for operative lung injury, which included choices of CPB circuit (use of miniaturized circuits of CPB and circuit with biocompatible surfaces ultrafiltration) and apparatus (leukocyte depletion filters and ultrafiltration), innovative CPB techniques (partial restoration of pulmonary artery perfusion during CPB), modified surgical maneuvers (reducing the use of cardiotomy suction device and reducing the contact-time between free blood and pericardium) and medicinal agents (corticosteroids and aprotinin) as preventive strategies for ALI during CPB, which were proved to be of satisfactory outcomes on improving the lung function. Moreover, hyperonocotic CPB-prime with hydroxyethyl starch 10% (200:0.5) may improve cardiac function and reduce pulmonary water content in the early postoperative period[48]. Studies have shown that Travenol bubble oxygenator was associated with significant increases of EVLWI and pulmonary vascular resistance and greater blood component trauma than the membrane[49], and bubble oxygenators caused more leukocyte sequestrations[50]. Care has to be taken with choice of oxygenator in risky patients.

 

MANAGEMENT

Ventilatory treatment

Mechanical ventilation remains the primary support technique for ARDS. New ventilation strategies, such as high-frequency oscillatory ventilation appear to be promising[51]. However, in patients with ALI/ARDS, mechanical ventilation with a lower tidal volume (6 mL/kg) than is traditionally used[52]. Low tidal volume ventilation reduces volutrauma, and is the standard care for ARDS patients with mechanical ventilation. A strategy of low tidal volume ventilation of 6-8 mL/kg reduces absolute mortality by about 7-9% in comparison to using >10 mL/kg tidal volumes. Mechanically ventilated patients with ARDS appear to tolerate very low blood pH and very high carbon dioxide partial pressure without any adverse sequelae. Based on this theory, permissive hypercapnia can be attempted in ARDS patients in order to achieve normal blood gas values.

Adequate PEEP levels avoid alveolar collapse and maintain sufficient pulmonary volume at the end of expiration. Excessive PEEP increases the risk of pneumothorax and airway impairment, causing adverse hemodynamic effects by increasing intra-thoracic pressure and reducing venous return. Meanwhile, inadequately low PEEP level provokes cyclic alveolar collapse and re-opening, resulting in atelectrauma[51]. Most ventilation modes used in ARDS are those cycled by time and controlled by volume or pressure. In ARDS patients randomized to high frequency oscillatory ventilation, mortality was significantly reduced and so was the treatment failure rate comparing to conventional ventilation[53]. Recruitment is a strategy aimed at re-expanding collapsed lung tissue, and then maintaining high PEEP to prevent subsequent "de-recruitment". Various ventilation modes such as inverse ratio pressure-controlled ventilation, airway-pressure release ventilation and even high-frequency oscillatory ventilation have been used to promote recruitment[54].

Prone positioning improves gas exchange and has long been used as an adjunct or salvage therapy for severe or refractory ARDS. A strategy employing higher PEEP along with low tidal volume ventilation should be considered for ARDS patients receiving mechanical ventilation. ARDS patients receiving higher PEEP had a strong trend toward improved survival. However, higher PEEP had a strong trend toward harm as higher PEEP can conceivably cause ventilator-induced lung injury by increasing plateau pressures, or cause pneumothorax or decreased cardiac output[55].

Pharmaceutical treatment

Surfactant

Surfactant therapy has shown beneficial effects on oxygenation and survival of children with ALI/ARDS, however, no effect or even adverse effects of exogenous surfactant has been shown on survival in adult patients[56-58]. Instillation of a natural lung surfactant (calfactant) contains high levels of surfactant-specific protein B. Calfactant (2 doses of 80 mL/m2 calfactant, 12 hours apart) acutely improved oxygenation and significantly decreased mortality in infants, children and adolescents with ALI[59].

Vasodilators

Nitric oxide is a powerful endogenous vasodilator. A placebo-controlled study demonstrated that the ARDS patients receiving 5 ppm inhaled nitric oxide showed significantly improved oxygenation parameters with better survival comparing with placebo[60]. Some authors suspected the role of inhaled nitric oxide in ARDS. They found by incorporating the results of 14 randomized clinical trials that inhaled nitric oxide resulted in a transient improvement in oxygenation without reducing mortality but was probably harmful[61]. Therefore physicians have to take care when using this agent for ARDS.

Prostaglandins are endogenous derivatives of arachidonic acid with properties of vasodilation, platelet aggregation inhibition and anti-inflammation. Inhaled prostacyclins cause selective pulmonary vasodilation, thereby enhancing lung function by improving ventilation-perfusion mismatch and oxygenation and by reducing pulmonary vascular resistance[62]. Inhaled prostaglandin E2 had a comparable effect to nitric oxide on pulmonary vasculature and oxygenation with minimal systemic effects[62]. Continuous infusion of prostaglandin E1 may induce oxygen delivery and obtain better tissue oxygenation, while increasing cardiac output[63]. Prostacyclin is also a promising vasodilator in decreasing pulmonary artery pressure and improving PaO2/FiO2[64], but it may cause compromised hemodynamics[65].

Glucocorticoids

Glucocorticoids can reduce inflammation and fibrosis through inhibition of several cytokines including ILs-1, -3, -5, -6 and -8, TNF-α and granulocyte macrophage-colony stimulating factor[66]. Lisofylline, like pentoxifylline, has been shown to diminish proinflammatory cytokine expressions of TNF-α, IL-1 and IL-6 and to inhibit neutrophil accumulation and edema formation. Unlike pentoxifylline, lysofylline partly exerts its anti-inflammatory properties by inhibiting the release of oxidized free fatty acids from cell membranes under oxidative stress[62].

Anti-inflammatory agents

High-mobility group box 1 (HMGB1) is a critical mediator in the pathogenesis of many inflammatory diseases. Penehyclidine hydrochloride inhibits the translocation of release of HMGB1 from the nucleus to the cytoplasm and the expression of HMGB1 messenger ribonucleic acid in a dose-dependent manner[66]. Administration of penehyclidine hydrochloride reduces lung water gain, bronchoalveolar lavage protein content, infiltration of neutrophils, malondialdehyde content and lactate dehydrogenase activity and enhances superoxide dismutase activity[67]. Penehyclidine hydrochloride also significantly reduces P(A-a)O2 and RI as well as TNF-α and IL-6 of lung injury, and both RI and P(A-a)O2 shows a close correlation with TNF-α and IL-6 (Figure 4)[68]. Ulinastatin decreases free radical productions, lowers ratio of physiological dead space to tidal volume and improves respiratory function after CPB[69]. Induction of anesthesia with ulinastatin 10,000 units/kg inhibits the excessive release of serum HMGB1, TNF-α and IL-8 concentrations[70]. Ulinastatin was shown in a systematic review to have a significant effect on improving oxygenation and shortening the length of Intensive Care Unit stay[71]. The large dose of propofol (15 mg/kg/hour) attenuated lung leukocyte sequestration, pulmonary edema and pulmonary hyperpermeability and resulted in better oxygenation, lung mechanics and histological changes; while the small dose (4 mg/kg/hour) did not, in endotoxin-induced ALI rabbit model[72]. Treatment with propofol by intravenous infusion (6 mg/kg/min for 5 min) abrogated or reversed the oleic acid-induced ALI changes in rats[73]. However, the use of propafol may induce ALI in particular in the presence of an increased alveolar-capillary permeability, which allowed the propofol emulsion to leak into the alveoli[74].
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Studies have suggested activation of adenosine receptors may enhance alveolar fluid clearance and regulate the fluid transport in the lung. The adenosine 2A receptor agonist GW328267C improves lung function of ALI rats[75]. A randomized clinical trial of simvastatin in ALI patients revealed the simvastatin-treated group had improvements in nonpulmonary organ dysfunction on day 14 of treatment. Simvastatin was well tolerated, with no increase in adverse events. Simvastatin improved oxygenation and respiratory mechanics, and decreased bronchoalveolar lavage IL-8 by 2.5-fold[76]. Experimental studies on rats revealed that endothelin-1 inhibited alveolar fluid clearance by inhibition of amiloride-sensitive epithelial Na+ channels. Endothelin-1 may increase capillary pressure and contribute to pulmonary edema formation[77]. The endothelin-1 receptor subtype blockers significantly prevented the pulmonary vasoconstriction induced by endothelin-1[78]. Atrial natriuretic peptide had a protective effect in the lipopolysaccharide-induced ALI model[79]. H2 treatment markedly attenuated lipopolysaccharide-induced lung neutrophil recruitment and inflammation and intraperitoneal injection of 10 mL/kg hydrogen-rich saline also significantly attenuated the lipopolysaccharide-induced ALI[80].

Extracorporeal membrane oxygenation (ECMO)

ECMO is a therapeutic option for patients with severe ARDS. The indications for ECMO use in ARDS patients are failed conventional therapy for 24-96 hours and the conformity of two of the three required slow-entry criteria for ECMO including PaO2/FiO2 <150 mmHg at PEEP >5 cmH2O, semistatic compliance <30 mL/cmH2O and right-left shunt >30%. Only in the patients with life-threatening hypoxemia (PaO2<50 mmHg at FiO2 1.0 and PEEP>5 cmH2O for>2 hours (fast-entry criteria) is immediate ECMO commenced[81]. Mols et al.[82] reported one-quarter of their 245 ARDS patients received ECMO treatment. The survival rate was 55% in ECMO patients and 61% in non-ECMO patients. However, the role of ECMO in the treatment of ARDS is controversial[83]. In neonates treated with ECMO, a survival rate of 80% was achieved. In adult patients with ARDS, two randomized controlled trials revealed the survival rates were 10% and 33%, respectively, in the ECMO groups[84]. Meta-analysis of 9 studies on a total of 1,058 patients with 386 of them treated with ECMO revealed ECMO increased the mortality of ARDS patients. Therefore, it seems that ECMO is not beneficial in adult patients with ARDS as in neonates[85].

 

CONCLUSIONS

Postperfusion lung syndrome is rare but can be refractory. Both ARDS and postperfusion lung syndrome have similar mechanisms of triggering inflammatory processes. They also share similar clinical features, diagnostic approaches and management strategies. However, their etiologies and predisposing risk factors differ between each other. Inflammatory cascade induced by CPB has been an acceptable mechanical hypothesis. The prognosis of the postperfusion lung syndrome can be poorer than that of the ARDS. The potential sequelea of postperfusion lung syndrome such as multiple organ failure and triple acid-base imbalance can be the principle causes of poor outcome rather than the lung disorder itself. Choices of CPB circuit and apparatus, innovative CPB techniques, modified surgical maneuvers and some medicinal agents can be potential preventive strategies for ALI during CPB. Mechanical ventilation (with low tidal volume and proper PEEP), pharmaceutical agents and ECMO can be therapeutic options of postperfusion lung syndrome. With the mature therapeutic options, the survival rate of the patients with postperfusion lung syndrome and ARDS would be further improved.
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ABSTRACT

Congenital heart disease is the most common fetal congenital malformations; however, the prenatal rate detection still is low. The two-dimensional echocardiography is the "gold standard" exam to screening and diagnosis of congenital heart disease during the prenatal; however, this exam is operator-depending and it is realized only in high risk pregnancies. Spatio-temporal image correlation is a three-dimensional ultrasound software that analyses the fetal heart and your connections in the multiplanar and rendering modes; however, spatio-temporal image correlation too is operator-depending and time-consuming. We presenting a new three-dimensional software named Sonocubic fine to the screening of congenital heart disease. This software applies intelligent navigation technology to spatio-temporal image correlation volume datasets to automatically generate nine fetal echocardiography standard views. Thus, this new software tends to be less operator-depending and time-consuming.

Descriptors: Fetal Heart. Ultrasonography, Doppler. Pregnancy.



 


RESUMO

Doenças cardíacas congênitas são as malformações congênitas mais frequentes, entretanto, a detecção pré-natal ainda permanece baixa. A ecocardiografia bidimensional é o "padrão-ouro" para o rastreamento e diagnóstico das doenças cardíacas congênitas durante o pré-natal, entretanto, é operador dependente e realizada somente em gestantes de alto risco. Spatio-temporal image correlation é um software de ultrassonografia tridimensional que analisa o coração fetal e suas conexões vasculares nos modos multiplanar e superfície, contudo, também é operador dependente e consome muito tempo. Apresentamos um novo software: Sonocubic fine para o rastreamento das doenças cardíacas congênitas. Este software aplica a inteligência da tecnologia de navegação em volumes de spatio-temporal image correlation para automaticamente gerar nove planos ecocardiográficos padrões. Além disso, esta técnica tende a ser menos operador dependente e consumir menor tempo.

Descritores: Coração Fetal. Ultrassonografia Doppler. Gravidez.



 

 

INTRODUCTION

Congenital heart diseases (CHD) are the most common fetal congenital malformations, corresponding an incidence six times higher than chromosome anomalies and four times higher than neural tube defects[1]. The prevalence of CHD in newborns ranges from 0.6 to 5%[2]. The gold standard exam to the screening of CHD during the prenatal period is the two-dimensional echocardiography; however, despite the efforts realized in the last 20 years, the detection rate of CHD ranges from 31 to 96%[3].

Despite of two-dimensional echocardiography to be the gold standard exam to the screening of CHD during the prenatal period, this exam is operator dependent, is not available in all prenatal care centers and it is performed only in high risk pregnancies[4]. Due to this, some associations as International Society of Ultrasound in Obstetrics & Gynecology (ISUOG) and American Institute of Ultrasound in Medicine (AIUM) have proposed the screening of CHD in the second trimester scan including the outflow right and left ventricles tract to the four chamber view[5,6].

Spatio-temporal image correlation (STIC) is a software application that enables acquisition of fetal heart volume and vascular connection data. The images generated by this software can be evaluated both in multiplanar and rendering modes. They can also be evaluated both static and movement (4D) through a cineloop sequence that simulates an entire cardiac cycle[7-9]. Some studies have used the STIC in the screening of CHD; however, the results still are controversies[10-13]. In part, these controversy results are due of ability of examiners, being necessary specific training for long time to obtain the standard fetal heart views using STIC.

Recently, new software named Sonocubic fine (Medge Platforms Inc., New York, NY, USA) applies intelligent navigation technology to STIC volume datasets to automatically generate fetal echocardiography standard views. Thus, this new software tends to be less operator-depending and time-consuming.

The aim this study is to present the new software Sonocubic fine and its possible applications in screening of CHD.

 

METHODS

Technical description of the Sonocubic fine software: intelligent navigation; benefits of intelligent navigation; definition of Sonocubic fine; acquisition and storage of STIC volume datasets; anatomic box; intelligent alerts and virtual intelligent sonographer assistance (VIS-Assistance)

Intelligent navigation

Intelligent Navigation is referred to a completely unsupervised procedure able to find, extract and navigate target planes from a volume dataset using a predictive adapted algorithm. Any volume modality like ultrasound, computed tomographic, magnetic resonance imaging, could be used. The term "intelligent" describes the "operator independent" ability to solve a particular case by automated analysis of a number of variables leading to consequent adjustment of the predetermined imaging criteria.

Benefits of intelligent navigation

Once a correct volume is acquired (STIC), intelligent navigation has a role in obtaining the target diagnostic planes automatically, minimizing the intra-operator variability and the exam duration. The obtained planes are obtained following an expert criterion with a high rate of accuracy. The final images will be consistent in terms of orientation, sizes and positions simplifying the clinical evaluation of cases. Intelligent navigation identifies, isolates and independently process a sequence of selected particular morphology features of the anatomy in order to decide the more adequate plane to be extracted for that particular case.

As an example, the greater accuracy on the final image of a given cardiac volume is provided by the combination of anatomical probabilistic assumptions with corrective decision trees that increases the tolerance of the model to unprecedented range of fetal ages, position and anatomical variations. Intelligent navigation can label structures within the images for better interpretation.

Definition of Sonocubic fine

Sonocubic fine program has an intelligent navigation. The algorithm processes the volume data using some user marked reference points. These points, or landmarks, are marked on the original 2D sweep. The landmarks are specific anatomical spots sufficient for the algorithm to perform the volume navigation and deliver the diagnostic planes.

Acquisition and storage of STIC volume datasets

The volume to be available by Sonocubic fine should be acquired by STIC from Voluson 730 Expert or E8 (General Eletric, Medical System, Zipf, Austria) ultrasound machine using a convex volumetric transductor (RAB 4-8L). The best volume is obtained in four chamber view with the fetus spine in 6 o' clock position. The opening angle varies in according the gestational age, rather 20º to 25º in the second and 35º to 40º in the third trimesters. The acquisition time varied between 7.5 and 15 seconds, depending of fetus movements[14]. The volumes should be acquired only in gray scale. To storage of STIC volume datasets, we do not need to use the standardization proposed by Paladini[15] for fetuses with pelvic presentation, because the system automatically recognizes this situation and it requests to examiner to modify the fetus presentation.

Anatomic box

Before to active the anatomic box, the examiner should to click in the center of thoracic aorta in the four chamber view to observe the position of descendent aorta in the sagittal view. If the descendent aorta has linear direction, the STIC volume is appropriate to be analyzed by Sonocubic fine. Anatomic box is a technology allows the examiner to mark anatomical structures within the STIC volume (displayed as a cinellop - Video 1), which then allows geometrical modeling of the fetal heart and the automatic display of standard fetal echocardiography views. The seven landmarks structures to obtain the nine fetal echocardiography views are: 1) in the center of abdominal aorta in the upper abdomen; 2) center of thoracic aorta in the four chamber view; 3) heart crux in the four chamber view; 4) line crossing the middle of interventricular septum and reaching the internal wall of the right atrium in the four chamber view; 5) at level of pulmonary valve in three vessels and trachea view; 6) in the center of superior vena cava in the three vessels and trachea view; 7) in the transverse aortic arch in the three vessels and trachea view (Figure 1).




[image: Fig. 1 - The seven landmarks]



After the examiner to complete all landmarks, the program displays automatically the nine fetal echocardiography views: three vessels and trachea; four chamber view; five chamber view; left ventricle outflow tract; right ventricle outflow tract; abdomen view; ductal arch; aortic arch and venae cavae (Figure 2 and Video 2). The program permits too to add labels in each fetal echocardiography standard views, facilitating the correct understanding of fetal heart structure and the standard views (Figure 3). The examiner can make the adjustments of brightness, midtones and contrast; moreover, the fetal echocardiography views can be displayed in gray, sepia and ice colors.




[image: Fig. 2 - The nine fetal echocardiography]
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In some cases, the program not shows the exact plane to examiner to mark the correct structures. In these cases, the examiner can make some adjustments using 2D plane position.

Intelligent Alerts

Intelligent alerts notify the examiner about the potential about potential issues with the STIC volume dataset (e.g. location of fetal spine in 8 o' clock) (Figure 4). Marking alerts are captions notifying the examiner that the fetal anatomical structures for making may in different locations that is expected.




[image: Fig. 4 - Intelligent alert algorithm]



Virtual Intelligent Sonographer Assistance

(VIS-Assistance)

VIS-Assistant is an operator-independent tool that allows sonographic navigation and exploration of surrounding structures in each of fetal echocardiography standard views (Video 3). This algorithm is the particular importance in suspected cases of CHD, because it permits to find the best plane in each fetal echocardiography views.

 

DISCUSSION

Limitations

Despite of potential benefits in the screening of CHD, some limitations are observed. The STIC volume should be scanned with the fetus spine between 7 and 8 o'clock position, because the Sonocubic fine software does not present the option of rotation of volume in the three orthogonal planes. This limitation can be time-consuming to scan the best volume in the four chamber view. The new software too does not have capacity to make measurements, which can be important in suspicion of some types of CHD. Other limitation of new software is not capacity to analyze STIC volumes with color Doppler; despite of the color Doppler is not part of guidelines of screening of CHD[5,6].

Advantages over STIC

Sonocubic fine is a software that display in the screen the nine fetal echocardiography standard views. Differently of STIC, which the standard planes are obtained by several reconstructions techniques[16,18], damaging the quality of the planes; Sonocubic fine provides direct views without artifacts transmission. Moreover, the Sonocubic fine is not operator-depending differently of STIC, not being necessary specific knowledge in fetal cardiology. Sonocubic fine is too less time-consuming, because it display automatically all fetal echocardiography standard views on the screen.

First experience with Sonocubic fine in the assessment of fetal heart

Recently, Yeo & Romero described the first experience of Sonocubic fine in the assessment of fetal heart. These authors tested the Sonocubic fine in 50 STIC volumes of normal cases and 4 STIC volumes of CHD (coarctation of aorta, tetralogy of Fallot, transposition of great vessels and pulmonary atresia with intact ventricular septum). They assessed the rate of visualization of fetal echocardiography views using diagnostic planes and/or VIS-Assistance. Sonocubic fine was able to generate nine fetal heart standard views using diagnostic planes in 78-100%, VIS-Assistance in 98-100% and a combination of diagnostic planes and/or VIS-Assistance in 98-100% of cases. In all cases of CHD, the new software demonstrated evidences of fetal heart abnormalities[19].

 

CONCLUSION

In summary, we presented a new software to the screening of CHD. Sonocubic fine permits the achievement of nine fetal echocardiography view using seven landmarks from STIC volume datasets. This software is less time and operator-depending than STIC; however, future studies comparing both techniques are necessary to prove the real applicability of Sonocubic fine in the screening of CHD.

Supplementary materials

Video 1. STIC volume dataset in cinellop sequence making an axial scan over the fetal chest and upper abdomen.

Video 2. The nine fetal echocardiography standard views on the screen in the cinellop sequence.

Video 3. Virtual Intelligent Sonographer Assistance (VIS-Assistance) navigation and exploration of surrounding structures in the ductal arch view.
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ABSTRACT

The entry of sodium and calcium play a key effect on myocyte subjected to cardiac arrest by hyperkalemia. They cause cell swelling, acidosis, consumption of adenosine triphosphate and trigger programmed cell death. Cardiac arrest caused by hypocalcemia maintains intracellular adenosine triphosphate levels, improves diastolic performance and reduces oxygen consumption, which can be translated into better protection to myocyte injury induced by cardiac arrest.

Descriptors: Heart Arrest, Induced. Myocardial Ischemia. Hyperkalemia. Hypocalcemia.



 


RESUMO

A entrada de sódio e cálcio desempenham efeito chave no miócito submetido à parada cardíaca por hiperpotassemia. Eles provocam edema celular, acidose, consumo de trifosfato de adenosina e desencadeiam processo de morte celular programada. A parada cardíaca provocada por hipocalcemia mantém os níveis intracelulares de trifosfato de adenosina, melhora o rendimento diastólico e reduz o consumo de oxigênio, o que pode ser traduzido em melhor proteção do miócito às lesões provocadas pela parada cardíaca induzida.

Descritores: Parada Cardíaca Induzida. Isquemia Miocárdica. Hiperpotassemia. Hipocalcemia.



 

 

INTRODUÇÃO

As primeiras operações cardíacas eram realizadas com o coração batendo, limitando-se a correção de enfermidades mais simples como sutura de ferimentos cardíacos, drenagem pericárdica e fechamento de canal arterial. Nessa época, as complicações eram relacionadas à depressão miocárdica[1,2]. Em 1953, John Gibbon realizou a primeira cirurgia cardíaca a céu aberto, tornando possível a abordagem de doenças intracardíacas[3] com a utilização de substâncias que produziam parada cardíaca controlada, chamadas genericamente agentes cardioplégicos[4].

Diversos métodos de proteção miocárdica apresentam resultados satisfatórios, mas, apesar disso, nenhum deles pode ser considerado ideal. O agente cardioplégico ideal necessita cumprir os seguintes requisitos[5]:

1. Parada cardíaca: indução rápida e eficaz da parada cardíaca com o miocárdio relaxado e com o mínimo de consumo de ATP;

2. Proteção miocárdica: efeitos protetores para retardar a lesão celular irreversível causada pela isquemia global e limitar a extensão da lesão de reperfusão;

3. Reversibilidade: reversão imediata da parada cardíaca com frequência cardíaca e força de contração, possibilitando "desmame" precoce da circulação extracorpórea (CEC);

4. Baixa toxicidade: meia-vida curta sem efeitos tóxicos em outros sistemas ou aparelhos após a descontinuidade da CEC;

5. Permitir boa visualização do campo operatório.

Diante desse contexto, o objetivo do presente trabalho é tecer algumas considerações bioquímicas e fisiológicas a respeito das modalidades de cardioplegia hipercalêmica e hipocalcêmica.

Cardioplegia hipercalêmica

Em 1955, Melrose et al.[6] introduziram a perfusão miocárdica com solução cardioplégica cristaloide hipotérmica com citrato de potássio a 2,5%, mas logo abandonaram essa técnica devido à necrose miocárdica e morte de diversos pacientes. Gay & Ebert[7], reintroduzindo essa mesma técnica, porém com concentrações menores de potássio, conseguiram benefícios metabólicos e funcionais para o miocárdio, sem qualquer alteração estrutural aparente. A partir desses resultados, começou o uso generalizado da solução rica em potássio, cristaloide e hipotérmica para proteção miocárdica. Em 1975, a solução St. Thomas foi introduzida por Hearse et al.[8], usando cloreto de potássio com concentrações de 10-30 mM. Essas soluções aboliram o problema do "stone heart" e soluções com potássio em concentração adequada para parada cardíaca foram consideradas o gold standard na proteção miocárdica[9,10].

Entretanto, posteriormente o seu uso foi correlacionado por Cohen et al.[11] com disfunção miocárdica pós-operatória devido à falha em proteger completamente o miocárdio da isquemia e lesão de reperfusão, levando diversos autores a pesquisar soluções alternativas mais seguras para os pacientes.

Vias metabólicas da cardioplegia hipercalêmica

O potássio extracelular elevado (10-40mM) altera o potencial de repouso (Em) dos miócitos de -85mV para uma faixa entre -65mV e -40mV, inativando os canais rápidos de sódio. Esse novo "Em" bloqueia a condução do potencial de ação miocárdico, induzindo assim a parada cardíaca despolarizada. Entretanto, ela não inativa completamente os canais lentos de sódio (janela do sódio), aumentando sua concentração intracelular de maneira lenta (Figura 1)[5,10,12].




[image: Fig. 1 - Desenho esquemático]



Associado a isso, o canal de cálcio tipo L (dihidropiridínico), que é ativado com "Em" entre -20mV a -30mV, faz com que o cálcio adentre o citosol[13], fenômeno esse chamado de janela do cálcio[5]. A seguir, a bomba antiporte Na+/Ca2+ é ativada ao contrário, retirando sódio do intracelular e internalizando o íon cálcio. Íons H+ (decorrentes de isquemia) sairão da célula pela bomba antiporte Na+/H+, contribuindo para a entrada de ainda mais íons sódio (Figura 1)[5,10].

A bomba Na+/K+ será inibida pela concentração elevada do potássio extracelular, acidose e hipotermia, permitindo com que o nível de Na intracelular permaneça elevado, perpetuando a ação da bomba antiporte Na+/Ca2+ funcionando ao contrário. Esse panorama intracelular de cálcio elevado leva a contratura do miócito mesmo sem deflagrar potencial de ação, com gasto energético. O sódio elevado produz edema celular e citólise no momento da reperfusão[5]. Assim, a cardioplegia hipercalêmica não consegue inibir a entrada de cálcio na célula miocárdica e nem evitar seus efeitos negativos (Figura 1)[12,13].

Fisiologia do cálcio na fibra cardíaca

O cálcio age como efetor na fibra cardíaca, conectando a fase de contração ventricular com a de excitação pelo potencial de ação. Tal mecanismo é chamado de acoplamento excitação-contração[14]. A célula muscular estriada esquelética também possui esse mecanismo, porém na fibra cardíaca há algumas diferenças que têm efeitos importantes sobre as características de sua contração[15].

Como no músculo esquelético, quando um potencial de ação passa sobre a membrana do miocárdio, também se espalha para o interior da fibra muscular cardíaca ao longo das membranas dos túbulos T. Os potenciais dos túbulos T, por sua vez, causam a liberação instantânea de íons cálcio das cisternas do retículo sarcoplasmático para o interior do sarcoplasma muscular. Os íons cálcio então se difundem, em alguns milésimos de segundo, para as miofibrilas, onde catalisam as reações químicas que promovem o deslizamento dos filamentos de actina e miosina entre si; isso, por sua vez, produz a contração muscular. Até aqui, esse mecanismo de acoplamento excitação-contração é o mesmo que o do músculo esquelético, mas nesse momento começa a surgir uma diferença fundamental. Além dos íons cálcio liberados no sarcoplasma a partir das cisternas do retículo sarcoplasmático, grandes quantidades de cálcio também se difundem durante o potencial de ação dos túbulos T para o sarcoplasma[15].

De fato, sem esse cálcio extra dos túbulos T, é provável que a força de contração do músculo cardíaco fosse consideravelmente reduzida, uma vez que as cisternas do músculo cardíaco são menos desenvolvidas que as do músculo esquelético e não armazenam cálcio suficiente para produzir contração efetiva. Por outro lado, os túbulos T do músculo cardíaco têm diâmetro cinco vezes maior que os do esquelético; no interior do túbulo T há quantidade grande de mucopolissacarídeos carregados eletronegativamente e que fixam depósito abundante de íons cálcio, mantendo-o sempre disponível para difusão no interior da fibra muscular cardíaca quando ocorre potencial de ação no túbulo T. Esse suprimento extra de cálcio a partir dos túbulos é pelo menos um dos fatores que prolongam o potencial de ação do músculo cardíaco e mantem sua contração durante 1/3 de segundo, em vez de 1/10 desse tempo, como ocorre no músculo esquelético[15].

No final do platô do potencial de ação, o suprimento de novos íons cálcio para o interior da fibra muscular é subitamente interrompida e os íons no sarcoplasma são rapidamente bombeados de volta para o retículo sarcoplasmático e túbulos T, finalizando assim a contração até que ocorra novo potencial de ação[15].

É de especial interesse o fato de que a força de contração do músculo cardíaco dependa da concentração de íons cálcio nos líquidos extracelulares, o que normalmente não é o que ocorre com o músculo estriado. A provável razão disso é que a quantidade de íons cálcio nos túbulos T é diretamente proporcional à sua concentração no líquido extracelular. Consequentemente, a disponibilidade de íons cálcio para causar contração do músculo cardíaco depende diretamente da presença desses íons no líquido extracelular[15].

Cardioplegia hipocalcêmica

O meio extracelular sem cálcio impede a sua internalização tanto por via membrana celular como via retículo sarcoplasmático, evitando que haja contração dos miofilamentos. Mesmo havendo potencial de ação, não há contração do miocárdio[5].

Investigando o efeito da solução de cardioplegia hipocalcêmica em corações imaturos de ovelhas submetidos à isquemia e hipotermia, Aoki et al.[16] verificaram que com concentração fisiológica de cálcio houve piora da função ventricular esquerda e da função diastólica, aumento do consumo de oxigênio e da resistência vascular coronariana quando comparado com hipocalcemia, indicando que níveis baixos de cálcio protegeram o coração dos efeitos deletérios da hipotermia e isquemia.

Baker et al.[17], comparando efeitos de diversas concentrações de cálcio na solução de St. Thomas em corações imaturos de coelho, constataram que quanto menor a concentração de cálcio menor foi a concentração de creatinafosfoquinase (CPK), mas a recuperação do fluxo aórtico não teve a mesma distribuição. Seu comportamento foi parabólico com zênite em 0,3 mmol/L, quando o coração obteve seus maiores valores de fluxo aórtico.

Na comparação entre soluções hipocalcêmica e normocalcêmica na cardioplegia sanguínea em corações imaturos isquêmicos ou não de porcos em CEC, Bolling et al.[18] observaram que o grupo sem isquemia foi beneficiado independentemente do tipo de cardioplegia; no grupo isquêmico houve piora da função miocárdica, dos níveis de ATP e aumento da resistência vascular coronariana naqueles tratados com cardioplegia normocalcêmica, enquanto na hipocalcêmica foram obtidos os mesmos valores do grupo sem isquemia, indicando que a hipocalcemia protegeu o coração da isquemia.

Avaliando o consumo de oxigênio em corações de ratos submetidos à cardioplegia hipocalcêmica ou hipercalêmica, Burkhoff et al.[19] averiguaram que o grupo hipocalcêmico apresentou consumo menor de oxigênio quando comparado ao que utilizou solução rica em potássio.

Kronon et al.[20] concluíram que solução cardioplégica com concentração fisiológica de cálcio é deletéria para corações imaturos de porcos, exceto quando magnésio foi incluído na solução (10 mEq/L), sendo o miocárdio protegido dos efeitos deletérios do cálcio. Em outro trabalho, os mesmos autores verificaram que quando o magnésio (tanto 5-6 mEq/L quanto 10-12 mEq/L) foi adicionado à solução hipocalcêmica houve melhora significativa na contração miocárdica e redução da rigidez diastólica[21].

Mori et al.[22] relataram melhor recuperação da primeira derivada da pressão desenvolvida do ventrículo esquerdo (dP/dt), fluxo coronário, valores menores de CPK e menor edema celular em corações de coelho submetidos à cardioplegia com baixo teor de cálcio (0,5 mmol/L) quando comparado com solução sem cálcio.

Robinson et al.[23], utilizando concentração de cálcio da solução de St. Thomas (0,6 mmol/L), constataram melhora da recuperação do fluxo aórtico em 64%, CPK reduzida em 84% e arritmias de reperfusão pós-isquêmica também reduzidas, com retorno ao ritmo sinusal mais rápido que no grupo com a solução habitual.

Em corações imaturos de coelhos com concentrações de cálcio entre 0,6 e 1,2 mmol/L submetidos a 1h de isquemia normotérmica, Zweng et al.[24] relataram melhor recuperação do fluxo aórtico, pressão desenvolvida e dP/dt.

Diversos autores apontam que a cardioplegia sem cálcio está associada à recuperação pior da função cardíaca[22,24-26] e dos fluxos coronário[22] e aórtico[24], ao aumento da creatinofosfoquinase[22,25] e edema celular[22]. Tais alterações ocorrem devido ao fenômeno denominado "paradoxo do cálcio", o que não ocorre quando adicionamos quantidade pequena de cálcio à solução[14,27].

Um exemplo de solução hipocalcêmica é a solução de Bretschneider. Além de adicionar traços de cálcio, também incorpora benefícios da histidina, triptofano, cetoglutarato e manitol.

A histidina (aminoácido) atua como sistema tampão na solução de modo dependente da temperatura. Quando colocada à temperatura de 22ºC, a histidina mantém o pH entre 7,02-7,20, ao passo que quando a temperatura é de 4ºC, o pH fica em torno de 7,40. Isso significa que a temperatura ideal da solução é de 4ºC, pois mantém o pH em nível fisiológico. Esse aminoácido também inibe as metaloproteinases de matriz, responsáveis pelo desenvolvimento da lesão tecidual durante a preservação a frio. Além disso, a histidina também age como impermeante de membrana celular, potencializando o efeito osmótico do manitol[28].

O triptofano contribui para manutenção da integridade das membranas celulares[28]. Hachida et al.[29] relataram que a ausência do triptofano na solução provocou decréscimo significativo na pressão máxima desenvolvida e do fluxo sanguíneo coronariano.

Hachida et al.[29] também avaliaram a ausência do cetoglutarato na solução, o que resultou em decréscimo da pressão máxima desenvolvida e aumento da fração MB da creatinofosfoquinase, ambos de maneira significativa.

 

CONCLUSÃO

A cardioplegia hipocalcêmica é segura na proteção ao miócito tanto em corações imaturos como em mais velhos, pois evita depleção do ATP e acidose, e está associada a boa recuperação da função ventricular. Soluções cardioplégicas hipocalcêmicas como a histidina-triptofano-cetoglutarato têm sido utilizadas rotineiramente em cirurgias cardíacas ao redor do mundo, mas ainda não é a solução ideal. Novas pesquisas ainda são necessárias para obtermos uma cardioplegia que seja ao mesmo tempo de ação rápida, atóxica, de rápida metabolização, que promova boa visualização do campo operatório e proteja adequadamente o miócito.
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ABSTRACT

OBJECTIVE: We tested the hypothesis that direct intramyocardial injection of bone marrow mononuclear cells in patients with non-ischemic dilated cardiomyopathy can improve left ventricular function and physical capacity.

METHODS: Thirty non-ischemic dilated cardiomyopathy patients with left ventricular ejection fraction <35% were randomized at a 1:2 ratio into two groups, control and treated. The bone marrow mononuclear cells group received 1.06±108 bone marrow mononuclear cells through mini-thoracotomy. There was no intervention in the control group. Assessment was carried out through clinical evaluations as well as a 6-min walk test, nuclear magnectic resonance imaging and echocardiogram.

RESULTS: The bone marrow mononuclear cells group showed a trend toward left ventricular ejection fraction improvement, with magnectic resonance imaging - at 3 months, showing an increase from 27.80±6.86% to 30.13±9.06% (P=0.08) and returning to baseline at 9 months (28.78%, P=0.77). Magnectic resonance imaging showed no changes in left ventricular ejection fraction during follow-up of the control group (28.00±4.32%, 27.42±7.41%, and 29.57±4.50%). Echocardiogram showed left ventricular ejection fraction improved in the bone marrow mononuclear cells group at 3 months, 25.09±3.98 to 30.94±9.16 (P=0.01), and one year, 30.07±7.25% (P=0.001). The control group showed no change (26.1±4.4 vs 26.5±4.7 and 30.2±7.39%, P=0.25 and 0.10, respectively). Bone marrow mononuclear cells group showed improvement in New York Heart Association functional class, from 3.40±0.50 to 2.41±0.79 (P=0.002); patients in the control group showed no change (3.37±0.51 to 2.71±0.95; P=0.17). Six-minute walk test improved in the bone marrow mononuclear cells group (348.00±93.51m at baseline to 370.41±91.56m at 12 months, P=0.66) and there was a non-significant decline in the control group (361.25±90.78m to 330.00±123.42m after 12 months, P=0.66). Group comparisons were non-significant.

CONCLUSION: The trend of intragroup functional and subjective improvement was not confirmed when compared to the control group. Direct intramyocardial application of bone marrow mononuclear cells in non-ischemic dilated cardiomyopathy was not associated with significant changes in left ventricular function. Differences observed within the bone marrow mononuclear cells group could be due to placebo effect or low statistical power.

Descriptors: Cardiomyopathy, Dilated. Heart Failure. Cells. Myocardial Contraction. Transplantation.



 


RESUMO

OBJETIVO: Testamos a hipótese de que a injeção intramiocárdica direta de células mononucleares de medula óssea em pacientes portadores de cardiomiopatia dilatada não-isquêmica pode melhorar a função ventricular e a capacidade física.

MÉTODOS: Trinta pacientes com cardiomiopatia dilatada não isquêmica e fração de ejeção  35% foram randomizados na razão 1:2 em grupos controle e tratado. Grupo células mononucleares de medula óssea recebeu 1,06 ± 108 células mononucleares de medula óssea por mini-toracotomia. Grupo controle não recebeu intervenção. Avaliação foi feita clinicamente e por teste de caminhada 6 minutos (T6m), ressonância magnética e ecocardiogramas.

RESULTADOS: Grupo células mononucleares de medula óssea mostrou tendência de melhora da Fração de ejeção - ressonância magnética aos 3 meses, 27,80±6,86% para 30,13±9,06% (P=0,08), retornando ao basal aos 9 meses (28,78%, P=0,77). Grupo controle não apresentou variação (28,00±4,32%; 27,42±7,41% e 29,57±4,50%). Ecocardiogramas - fração de ejeção melhorou no grupo células mononucleares de medula óssea aos 3 meses: 25,09±3,98 para 30,94±9,16 (P=0,01) e aos 12 meses (30,07±7,25%, P=0,001), enquanto o controle não variou: 26,1±4,4 vs. 26,5±4,7 e 30,2±7,39%, P=0,25 e 0,10, respectivamente). Células mononucleares de medula óssea melhorou classe funcional New York Heart Association: 3,40±0.50 para 2,41±0,79 (P=0,002); controles não mudaram (3,37±0,51 para 2,71±0,95; P=0,17). T6m melhorou no grupo células mononucleares de medula óssea (348,00±93,51 m inicial para 370,41±91,56 m aos 12 m, P=0,66) e declinou sem significância no controle (361,25±90,78 m para 330,00±123,42 m aos 12 meses, P=0,66). Não houve diferenças significativas entre os grupos.

CONCLUSÃO: A tendência intragrupo de melhora funcional e subjetiva não se confirmou quando comparado com controle. Portanto, a injeção direta intramiocárdica de células mononucleares de medula óssea não se associou a mudança significativa na função ventricular. As diferenças observadas no grupo tratado poderiam ser devidas a efeito placebo ou a baixo poder estatístico.

Descritores: Cardiomiopatia dilatada. Insuficiência Cardíaca. Células. Contração Miocárdica. Transplante.



 

 

INTRODUCTION

Dilated cardiomyopathy is a leading cause of heart failure and the primary indication for heart transplantation[1,2]. The prevalence of this disease tends to increase according to population ageing and survival improvement achieved through advances in pharmacological treatment and implantable devices[3]. However, current therapeutic approaches are palliative in the sense that they are unable to directly address the underlying problem of the loss of cardiac tissue[4].

Cell therapy with bone marrow mononuclear cells (BMMC) has been associated with beneficial effects in patients with acute myocardial infarction and ischemic heart failure. Data for non-ischemic dilated cardiomyopathy (NIDCM), however, is more limited[5-7]. Experimental studies suggest that stem cells improve heart function through both paracrine regulation of cytokines production and cell transdifferentiation, albeit in a small proportion of the transplanted cells[8,9]. Two small trials, using BMMC through intracoronary route, showed small, but significant increase in left ventricular ejection fraction (LVEF) after treatment[5,6]. Recently, intracoronary injection of CD34+ was associated with medium-term improvement of ventricular function, exercise tolerance, and long-term survival in randomized trial of patients with DCM[7].

Intracoronary injection is associated with a small percentage of transplanted cells effectively retained in the myocardium, which could limit results when that route is used for cell therapy[10]. In a pilot study, we found that direct application of BMMC through a small thoracotomy was safe and associated with a significant, although transitory, increase in LVEF in patients with non-ischemic dilated cardiomyopathy (NIDCM)[11]. In the present study, we tested the hypothesis that direct intramyocardial injection of BMMC in patients with NIDCM could improve LVEF assessed by cardiac magnetic resonance imaging (MRI) and echocardiogram, physical capacity evaluated by the six-minute walk test (6WT), and heart failure class functional (NYHA), when compared to conventional treatment.

 

METHODS

Study design

We conducted an open, parallel-group, explanatory randomized study in a single center to evaluate the safety and efficacy of BMMC in patients NIDCM. Thirty patients that fulfilled the criteria for inclusion were randomly assigned to each of the groups by means of a computer software for simple randomization: BMMC or control, in a 2:1 proportion.

After randomization, functional status of both groups was assessed at baseline using (6WT), New York Heart Association (NYHA) and Minnesota Living with Heart Failure (MLHF) questionnaires, which had been previously validated for the Brazilian population[12]. We used cardiac magnetic resonance imaging (MRI) to measure left ventricular diameters and ejection fraction. Functional status was reassessed every three months and MRI repeated three and nine months after inclusion. All patients were treated by the same physician at a dedicated outpatient clinic, according to ACC/AHA Guidelines for the Diagnosis and Management of Heart Failure in Adults[1]. Functional status was evaluated by a separate team. In this article, we present the results of the first year of follow-up. We were unable to perform a blind study because of the invasive nature of the procedure proposed. The study was submitted to the National Comission in Research (CONEP) and approved. All patients signed an informed consent.

Patients in the BMMC group, in addition to conventional treatment, were submitted to BMMC transplantation as described below up to one month after randomization. In this group, we also conducted flow citometry and imunohistochemistry to characterize bone marrow cells.

Our primary objective was to evaluate changes in left ventricular ejection fraction assessed with MRI. Secondary objectives consisted of evaluation of: 1) Safety; 2) New York Heart Association (NYHA) functional class and quality of life measured with Minnesota Living with Heart Failure Questionnaire; 3) Effects in mortality; 4) Left ventricular diameters using MRI.

Inclusion and exclusion criteria

The study was approved by the Ethics Review Board of Instituto de Cardiologia do Rio Grande do Sul/ Fundação Universitária de Cardiologia (IC/FUC), as well as by the National Ethics Committee in Research of Brazil, under protocol number 10376 and registered in ClinicalTrials.gov under number: NCT00743639. Both the study and the registry were conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from each patient.

We screened for patients with heart failure, LVEF less then 35% and functional class III or IV, despite full medical treatment. Specific inclusion criteria were: (1) Age between 20 and 65 years; (2) Diagnosis of non-ischemic cardiomyopathy for at least 12 months before enrollment; (3) Coronary angiography with normal coronary arteries, which defined cardiomyopathy as non-ischemic for the purposes of this trial; (4) negative serology for Chagas Disease; and (5) Absence of other significant systemic disease limiting mid-term prognosis. We excluded patients with: (1) Documented episodes of ventricular tachycardia; (2) Moderate to severe mitral regurgitation or any other significant valve disease; (3) History of myocardial infarction; and (4) Previous cardiac surgery.

Bone marrow mononuclear cells isolation and transplantation

Approximately four hours before the operation and with the patient under sedation, a volume of about 80 mL of bone marrow was aspirated from the anterior iliac crest and placed in an anticoagulated medium. Mononuclear cell fraction was separated by density centrifugation over Ficoll-Hypaque-1077 (Sigma Diagnostics, St Louis, MO) and washed in a heparinized saline solution containing 5% autologous serum. Cells were counted and suspended in 5 mL saline solution for intramyocardial injection. A small fraction was utilized for sterility and viability tests and for immunophenotyping. Viability greater than 90% was considered acceptable.

For detection of surface antigens the cells were trypsinized, centrifuged, and incubated for 30 minutes at 4ºC with phycoerythrin (PE)- or fluorescein isothiocyanate (FITC)-conjugated antibodies against human CD3, CD4, CD14, CD34, CD38 and CD45 (Pharmingen BD, San Diego, CA). Excess antibody was removed by washing. The cells were analyzed using a FACScalibur cytometer equipped with 488 nm argon laser (Becton Dickinson, San Diego, CA) with the CellQuest software. At least 10,000 events were collected. WinMDI 2.8 software was used for building histograms.

Surgical approach was through a left mini-thoracotomy, consisting of an approximately 5 cm incision in the anterolateral portion of the fifth left intercostal space to expose the pericardium. A T-shaped pericardial incision was made to access the free wall of the left ventricle. Coronary arteries were identified and the cell suspension was directly injected, using a 21F Butterfly needle that was introduced about 5mm intramyocardially and connected to an extension managed by the surgical assistant. Twenty 0.25 mL injections were given in the myocardium and in the anterior, lateral, posterior, and apical faces of the left ventricular free wall. After reviewing the hemostasis, pericardium was approximated, the thoracic cavity was drained and the chest wall closed.

Echocardiogram

Two-dimensional echocardiograms were obtained for measuring end-systolic volume (ESV), end-diastolic volume (EDV), and LVEF, according to standard protocols. All exams were performed by the same person, who was unaware of the treatment group and was not part of the study team. It should be noted, however, that treated patients had a visible scar in the left chest, which made it impossible to guarantee blindness to the echo examinator.

Magnetic Resonance Imaging

All MRI image analyses were performed by the same investigator, which was blind to the assignment of the patient. We used a 1.5-T scanner (GE Excite HDx) with ECG gating and a 4-element phased-array surface coil. Scan planes were planned according to standard procedures. Endocardial and epicardial borders were traced in all end-diastolic and end-systolic short-axis slices to determine LV end-diastolic and end-systolic volumes (LVEDV and LVESV). Global LVEF was calculated [(LVEDV-LVESV)/LVEDV]/100 LVEDV. Systolic ventricular wall thickening was calculated for different heart segments and it was used for an already published sub-study[11].

Statistical analysis

Continuous variables are presented as mean±SD, if not stated otherwise. Categorical variables were compared with the x2 test or Fisher's exact test. Statistical comparisons between initial and follow-up data were performed in a nonparametric paired fashion using the Wilcoxon signed rank test. Nonparametric Mann-Whitney U and Kruskal-Wallis tests were used to compare continuous and categorical variable, as well as the results between different groups. All tests were performed as 2-sided tests at a significance level of 0.05.

In the first three months of follow-up, 25% of the patients from the BMMC group had either died or been withdrawn from the study, resulting in a decrease in the number of treated cases available for late follow-up. Since those patients had a lower mean ejection fraction than the whole group (18.26 % vs. 21.75%), we excluded them from comparative analysis, in order to avoid overestimation of treatment effect. In other words, outcome analysis was performed in as-treated basis, not as intention-to-treat.

 

RESULTS

Baseline

Baseline characteristics are detailed in Table 1. There were no significant differences in baseline data between BMMC and control groups. All patients had severe heart failure and were highly symptomatic by the time of inclusion, despite maximum medical therapy.
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Cell analysis

A mean of 1.06±0.43 x 108 mononuclear cells per patient were available for injection using this method. Cell viability was greater than 99%, and fungal and bacterial cultures were negative.

Cells from the first five samples were analyzed in greater detail. Immunophenotyping of the mononuclear cell fraction showed the following composition: CD34+ cells (1.5±0.7%), CD45+ (74.6±8.5%), CD14+ (8.4±4.7%), CD3+CD4+ (22.8±4.6%), CD3+CD8+ (8.2±6.1%), and CD34+CD38- cells (0.7±0.5%).

Procedural safety and clinical outcomes

Surgical procedure was effectively performed in 19 patients, since one patient asked to be withdrawn soon after randomization. Table 2 summarizes surgical results. Four subjects died in the first month after the procedure. Two died of refractory cardiogenic shock in the first 72 hours post-operatively (PO). One of them presented with cardiac tamponade 7 hours after surgery and was submitted to reoperation. The patient's hemodynamic condition continued to deteriorate and he died due to cardiogenic shock 3 days PO. Another patient died on the 15th day PO due to incessant ventricular tachycardia. Finally, one patient died on the 28th day PO: he had been discharged from hospital, but was readmitted one week later due to heart failure, which was refractory to treatment. All of the patients above had LVEF below 21% before operation.
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Three patients from the BMMC group died between 30 days and 12 months after surgery. In two patients, death was sudden, at 10 and 11 months PO. Another patient died 6 months PO due to heart failure.

In the control group, one patient died three months after randomization due to heart failure and another patient was lost for follow-up two months after randomization. There was no statistically significant difference in safety outcomes between BMMC and control groups: Fischer's test showed no difference in mortality between groups in the first 30 days (P=0.371) or up to 12 months (P=1.000).

Effects of BMMC on LV Function

MRI evaluations

Patients of the BMMC group maintained LVEF at 3 months, from 27.80±6.86% to 30.13±9.06% (P=0.08), and at 9 months (28.78%, P=0.77). The control group also maintained systolic function during follow-up (28±4.32% vs. 27.4±7.4%, at 3 months, P=0.79, and vs. 29.57±4.50 at 9 months, P=0.46, respectively). Differences between groups were non-significant.

Both groups maintained end-systolic and end-diastolic volumes during follow-up. (Table 3).
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Echocardiographic evaluations

Patients of the BMMC group had a significant improvement in left ventricular ejection fraction 3 months after the procedure, from 25.09±3.98 to 30.94±9.16 (P=0.01). This benefit was maintained after one year of follow-up (30.07±7.25, P=0.001). The control group has showed no change in the same period (26.1±4.4 vs. 26.5±4.7 and 30.2±7.39, P=0.25 and 0.10, respectively). Differences between treated and control groups, however, were not statistically significant. Left ventricular fractional shortening evaluation showed similar results. End-systolic and end-diastolic diameters had a small reduction in both groups. (Figure 1, Table 4).
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Quality of life and 6-minute walk test

Quality of life, evaluated by MLHFQ (Minnesota Living with Heart Failure Questionnaire), improved significantly in the BMMC group three months after the procedure (69.00±20.71 vs. 43.13±27.92 points, P=0.005), a benefit maintained during 6 and 12 months of follow-up (48.92±24.26 points, P=0.018; 37.08±21.15 points, P=0.001; respectively). Patients of the control group showed a non-significant improvement, with smaller differences between baseline and 12 months follow-up (minus 31.92 points for BMMC group and minus 7.16 points for Control group). Differences between groups were not statistically significant. Functional class, evaluated using NYHA Classification, showed similar results with a statistically significant improvement in the BMMC group, no change in the control group. However, once again, there were no statistically significant differences between groups. (Figure 2, Table 5).
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Six-minute-walk test results were maintained in the BMMC group (from 348.00±93.51min in baseline to 370.41±91.56 min after 12 months, P=0.66) and in control group (from 361.25±90.78 min in baseline to 330.00±123.42 min after 12 months, P=0.66). Again, differences between groups were not statistically significant. (Table 5).

 

DISCUSSION

In this study, we tested the hypothesis that transplantation of BMMC through a small thoracotomy could improve left ventricular function in patients with refractory heart failure due to NIDCM. Our main findings were: (1) Mortality associated with the procedure was directly related to preoperative disease severity. In particular, patients with LVEF below 21% had a poor surgical result. Early deaths were related to postoperative pump-failure and congestive heart failure, while deaths at medium term were sudden, probably caused by cardiac arrhythmias. These results differ from our previous pilot study, in which there had been no deaths[11]. (2) Survivors treated with BMMC maintained left ventricular function relative to baseline according to MRI. (3) Overall, patients had symptomatic improvement during follow-up, which was more pronounced in the BMMC group, but there was no statistical difference between groups in the outcomes studied.

The seven deaths (35%) observed in patients who received BMMC were due to pump-failure in the early post-operative period (2 cases; 28.5%), congestive heart failure (2 cases, 28.5%) and documented ventricular arrhythmia or sudden death (3 cases, 42.8%). Using the Seattle Heart Failure Model, a tool with excellent accuracy for predicting survival among patients with heart failure[13], we could anticipate one-year mortality between 20% and 25%. Incidence of death attributable to arrhythmia (42,8%) was higher than expected for patients in NYHA functional class III (10.5%) or IV (18.6%) at one year[14].

This higher than expected risk of ventricular tachyarrhythmia after surgery could be related to the intrinsic high risk of any procedure in patients with severe heart failure or to a more specific mechanism secondary to BMMC injection. Stem cell pro-arrhythmic potential is a matter of intense debate[15,16]. Clinically, bone marrow progenitor cells were not associated with increased risk of arrhythmias using different routes of delivery in different clinical scenarios[17-19]. Yet, experimental studies have shown that mesenchymal stem cells (MSCs) implantation altered cardiac conduction[20] and created areas of slow conduction, predisposing it to reentry episodes[21,22]. Intramyocardial injections can create clusters of cells leading to heterogeneity in conduction and have been associated with greater risk of ventricular premature complexes than intracoronary injection[23]. How this translates into clinical practice, where patients are treated with anti-arrhythmic drugs, needs to be further clarified. At this point, however, we cannot dismiss the possibility of a pro-arrhythmic effect related the newly implanted cells.

BMMC treated patients who survived for more than one month after the procedure showed significant improvements in both symptoms and quality of life. Left ventricular ejection fraction was maintained one year after the procedure (P=0.77). Results with echocardiography are more pronounced as they showed improvement in LVEF of patients treated with BMMC after 6 months (from 25.09±3.98 to 30.94±9.16, P=0.01). Nevertheless, since operators were not blind for patients' group, results from this method should be interpreted with caution.

Clinical experience with mononuclear cells in patients with DCM is limited. Fischer-Rasokat et al performed infusion of BMMC in 33 patients with DCM using an over-the-wire balloon catheter in the left descending coronary artery[8]. After 3 months, regional wall motion of the target area and global left ventricular ejection fraction had a small (about 10%) but statistically significant improvement. Increase of regional contractile function was directly related to the functionality of infused cells as measured by their colony-forming capacity. Safety data was remarkably good, with no procedure related complications and no deaths, stroke or myocardial infarction up to one year follow-up. Compared to our study, patients were less symptomatic (67% in NYHA class II) and had better ventricular function (mean LEVF=0.2%).

Vrtovec et al.[7] conducted a study with 110 patients with NIDCM, which were randomized to receive CD34+ stem cell transplantation and 55 received no cell therapy. Patients underwent myocardial scintigraphy and cells were injected in the artery supplying segments with the greatest perfusion defect. At 5 years, stem cell therapy was associated with increased LVEF (from 24.3±6.5% to 30.0±5.1%; P=0.02), increased 6-minute walk distance (from 344±90 m to 477± 30 m; P<0.001), and decreased N-terminal B-type natriuretic peptide (from 2322±1234 pg/mL to 1011±893 pg/mL; P<0.01). Left ventricular ejection fraction improvement was more significant in patients with higher myocardial homing of injected cells. Total mortality was lower in patients treated with CD 34+ cells (14% vs. 35%; P=0.01) and the procedure was considered safe, with low morbimortality.

Several limitations of our study are recognized. First: the trial was projected with a small sample that was further reduced due to early mortality. This drawback was unexpected, since we had no early major complications or mortality in a previous safety study[11]. High mortality could be attributed to very low LVEF, which expressed extremely deteriorated LV function in those patients who died early. There was no low LVEF limitation for patient inclusion in the trial: all patients with LVEF<35% were candidates. Perhaps we could have avoided including patients with very low LVEF (for example, LVEF<25%) or, alternatively, once they were included, we could have employed special measures of support during and after treatment. Besides, since observed increments in contractility reported on several studies with cell therapy are small (in the range of 5 to 10%), the clinical impact of a small increase in heart function in a very ill population may be negligible. Due to these reasons, we can conclude that, in further studies, patients with LVEF<25% should be avoided. Secondly, we opted to analyze data by protocol instead of intention to treat, since patients who died had lower LVEF and maintaining their baseline data would have overestimated treatment effect. Thirdly, this was a non-blinded trial: it is possible that differences observed in quality of life and functional class could be due to placebo effect. Results from the 6-minute walk test would have been useful to assess more objectively functional capacity, but they were highly variable among patients, creating high values of standard deviation that precluded an appropriate analysis. Finally, high dispersion of data, from a wide range of parameters, such as LVEF and LV diameters, resulted in increased standard deviations in most outcome parameters, which in this small sample could have also precluded achievement of statistically significant differences between groups.

In conclusion, besides intragroup improvement in echocardiographic data, quality of life and NYHA class, when compared to control direct intramyocardial application of BMMC in NIDCM was not associated with sustained significant changes in left ventricular function. Functional capacity did not differ between groups. In future studies, less invasive forms of cell transplantation should be evaluated considering the high mortality observed, particularly for patients with severely impaired LVEF.
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ABSTRACT

INTRODUCTION: Congenital heart defects, cardiac malformations that occur in the embryonic period, constitute a serious health problem. They cover a proportion of 8-10 per 1000 live births and contribute to infant mortality.

OBJECTIVE: To identify the socioeconomic status of children undergoing cardiac surgery at the Hospital Universitário da Universidade Federal do Maranhão, in São Luis, the existence of material elements that contribute to worsening conditions.

METHODS: We conducted a retrospective study with a quantitative approach, descriptive and reflective, from the interviews conducted by the Social Service Social with families of children with heart disease from January 2011 to July 2012.

RESULTS: A total of 95 interviews, the results reveal that (75.79%) of children have elements that suggest poor socioeconomic conditions. It also shows that only 66.33% lived in brick house, while (31.73%) in mud, adobe and straw houses. With regard to income, it showed that only 4.08% received 1-2 minimum wages, while the remaining (95.9%) with benchmarks oscillating half the minimum wage (27.55%), ¼ of the minimum wage and (24.48%) and income below 70 dollars per person, featuring extreme poverty. On the social security situation prevailing at children with no ties to 61.22%. With respect to benefits, we found that only (12.24%) of children were in the enjoyment of the Continuous Cash Benefit - CCB.

CONCLUSION: Poor socioeconomic conditions listed as major obstacles in meeting the needs, resulting in the maintenance of health conditions and even allowing the aggravation of an existing pathology.

Descriptors: Child. Socioeconomic Factors. Heart Diseases.



 


RESUMO

INTRODUÇÃO: As cardiopatias congênitas, são malformações cardíacas que ocorrem no período embrionário e configuram um sério problema de saúde. Incidem numa proporção de 8 a 10 em cada 1000 crianças nascidas vivas e contribuem para mortalidade infantil.

OBJETIVO: Identificar na situação socioeconômica das crianças submetidas à cirurgia cardíaca no Hospital Universitário em São Luís a existência de elementos materiais que concorrem para o agravamento desta afecção.

MÉTODOS: Realizou-se um estudo retrospectivo, com abordagem quantitativa de caráter descritivo-reflexivo, a partir das entrevistas sociais realizadas pelo Serviço Social junto às famílias das crianças cardiopatas no período de janeiro de 2011 a julho de 2012.

RESULTADOS: De um total de 95 entrevistas, os resultados revelaram que pelo menos 75,79% das crianças apresentaram elementos que sugerem condições socioeconômicas precárias. Evidenciaram que somente 66,33% viviam em casa de tijolo, enquanto 31,73%, em casas de taipa, adobe e palha. No que concerne à renda, foi constatado que apenas 4,08% das famílias recebiam de 1 a 2 salários mínimos, enquanto os demais 95,9% possuíam aferimentos oscilantes de 1/2 salário mínimo; 27,55% de ¼ do salário mínimo e 24,48% renda inferior a 70 reais por pessoa, caracterizando situação de extrema pobreza. Sobre a situação previdenciária prevaleceram as crianças sem vínculo com (61,22%). No que tange a benefícios, observou-se que somente 12,24% delas estavam em gozo de Benefício de Prestação Continuada - BPC.

CONCLUSÃO: condições socioeconômicas precárias figuram como importantes obstáculos no atendimento das necessidades infantis, impactando nas condições de saúde e até possibilitando o agravamento de uma afecção existente.

Descritores: Cardiopatias Congênitas. Fatores Socioeconômicos. Criança.



 

 

INTRODUCTION

Brazil has a population of 200 million people, which at least 29 million are from 0 to 9 years old, and approximately 45 million are from 10 to 19 years old, which is equivalent to almost one third of all population of children and adolescents of Latin America and Caribbean. There are tens of millions of people which have rights and duties and that need conditions to develop themselves using their full potential[1].

Children are especially vulnerable to violations of rights, to poverty and to iniquity in the country, even with the uncountable legal advances acquired like the Statute of the Child and Adolescent (SCA/ECA)[2]. According to the United Nations Children's Fund (UNICEF)[1], 29% of the population live in poor families, but, among the children, this number comes to 45.6%. Black children, for example, have almost 70% more chance to live in poverty than the white ones; the same can be seen in children who live in rural areas. In the semi-arid region, where 13 million children live, more than 70% of children and adolescents are classified as poor.

In Maranhão, this reality about childhood worsens as the State, historically marked by the extreme concentration of income and by the meager results obtained from the public policies, where many families live in miserable conditions. In 2000, 68.42% of the people who live in Maranhão were included in the hunger map of Brazil. In relation to childhood in 2002, 74.2% of children and adolescents from 0 to 17 years old were included in families with per capital income of up to half minimum wage, experiencing a growing situation of indigence[3,4]. Faced with this social conjuncture, that certainly permeates the childhood of Maranhão's people, that concerns were present, in the sense to understand in what measure a restrictive conjuncture limits the possibilities of healthy growth of the children who live (or survive) in those conditions. In this scenario, characterized by the absence of basic elements, for example the health, habitation, feeding, income, besides overcoming these obstacles, how are these people who were born with cardiac malformation living?

Considering that the childhood is the phase of life which the human being is more exposed to iniquities and to poverty, being easy targets to the most diverse forms of domination and exploration[5,6], we intended to perform an analysis of the socioeconomic conditions of a part of these children, the cardiopathic that, besides the limitations imposed by the disease, face limited life conditions by the absence of material and financial resources.

The congenital cardiopathies can be defined as cardiac malformations that occur in the embryonic period, associated or not to genetic factors and/or chromosomal alterations. It happens in a proportion of 8 to 10 for each 1000 children born alive, represent a percentage of 25% of all congenital malformation and are the cause of child mortality in the proportion of 15%[6]. They can still be corrected with surgical procedures, allowing a better quality of life[7].

Data from the Brazilian Society of Cardiovascular Surgery (BSCVS) (SBCCV in Portuguese) review that only 30% of the children with congenital cardiopathies have access to surgical treatment, generating a 65% deficit and that, in the north and northeast regions, this deficit can reach to a fraction of 97.5% in the first one and 92% in the second[8]. This occurs because of a set of elements, such as the process of universalization of the Unified Health System (SUS in Portuguese), which presents the necessity of an upgrade in the number of hospital beds, qualified professionals, as well the construction of more service centers that allow accessibility with quality.

In Maranhão this reality is far more serious, since there is only one Unit of Public Health that can be taken as reference, the University Hospital (HUUFMA in Portuguese) which, for more than a decade, daily attends several children from the whole State in order to subject them to surgeries for correcting congenital cardiopathies.

The hypothesis that appeared with the research is that the socioeconomic conditions, when applied in poverty situations, may contribute to the worsening of a pathology, in the specific case of this work, represented by congenital cardiopathy. Thus, it is considered that the non-treatment of basic needs of these children might, in a certain way, interfere in their process of recovery and health maintenance.

 

METHODS

Quantitative research based on a retrospective study of descriptive-reflexive character. The present method was elected to consider that everything can be counted, translating in numbers informations that create useful knowledge to the advance of science[9]. The data were obtained from social interviews performed by the Social Service of HUUFMA with 95 families of cardiopathic children. These interviews are usually applied in the reception process, after the admission in the hospital unit, and remain stored in a computerized data bank counting with socioeconomic data, housing, environmental, health indicators, pension situation, diagnostic and hospitalization period. It needs to be mentioned the implementation of a computerized registry to the Social Service Division that was created from the project "The construction of the Information Policy and computer science in Health of SUS, with the goal to advance in the use of computer science to improve the productivity and quality in health.

The results were quantified in statistic based on percentage in the Microsoft Office Excel 2007, analyzed and interpreted by using theoretical references, to characterize the socioeconomic conditions of the research subjects and show, in what measure these conditions compete to its social vulnerabilities.

The research presented as inclusion criteria: children from 0 to 12 years old submitted to cardiac surgery in the period of January 2011 to July 2012 and of exclusion: children who had been through surgery to correct their acquired cardiopathies; hospitalized children only for clinic compensation.

The secrecy of the informations was properly respected by the means of the non-identification of the involved parts, as well the commitment term undersigned by the responsible researchers. The research was submitted and properly approved by the Research Ethics Committee of the University Hospital-UFMA (process 177.580).

 

RESULTS

In the period of 2011 and the first semester 2012 were registered, in the data bank of Social Service of the University Hospital Presidente Dutra, 95 social interviews performed with the children's families who were submitted to surgery for correction of congenital cardiopathies from 0 to 12 years old.

In relation to the initial diagnoses of children, 26.31% had interventricular communication (IVC); 25.26%, interatrial communication (IAC); 16.84% arterial channel persistence (ACP); 5.26% Fallot's Tetralogy; 22.10% with associated cardiopathies (those composed by two or more cardiopathies); 2.10% with pulmonary atresia and 1.05% tricuspid atresia.

Concerning to the children profile, it was observed the predominance of the female gender with the percentage of 53.68%, while the male gender corresponded to 46.31%. In relation to age, the majority belonged to the group of 0 to 3 years old with the percentage of 38.94%; from 4 to 6 years old in 22.10%;from 7 to 9 years old in 24.21% and from 10 to 12 years old in 15.78%.

About the origin, It was observed that 69.47% belonged to continental cities (countryside) and 28.42% belonged to the capital city; 1.05% came from another State. Among children who came from other cities, 13.68% didn't have any family or governmental support in the treatment space.

Regarding religion, the largest group belonged to Catholics with 57.89%, followed by protestants with 22.10%; 9.47% mentioned other religions; in 10 interviews the religion option was not marked. About ethnicity, the brown group was the largest number with 58.94%; the white group represented 16.84%; black 16.84%; yellow and indigenous presented 0%. In 8 interviews the ethnicity option was not marked.

Concerning the scholarity variable, most of the children, 57.89%, were not alphabetized. Followed by children with incomplete fundamental education (1st to 4th grade), represented by 21.05% of the total; 10 children were attending middle school (5th to 8th grade), with a percentage of 10.52%; followed by the group of alphabetized with 10.52% of the children.

With respect to dwelling, data showed that 94.73% of the children had a house as living option, followed by apartment with 3.15% and room with 2.10%. About the financial condition, 81.05% have their own house; followed by 7.36% with rental housing, 5.26% granted housing, 2.10% buying their own home, and 44.21% other situations non-specified. Concerning to the conditions of housing wall (Figure 1), 66.31% lived in a brick housing, 26.31% mud, 4.1% adobe and 1.05% of table.
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Concerning the housing roofs, 80% were cover with tile, 11.57% of straw, 3.15% of slab and 5.26% of tile lining; others were counted as 4.21%. Concerning the number of rooms, 62.10% had a home with 4 to 6 rooms, 17.89% had from 1 to 3 rooms, 17.78% from 7 to 9, and 4.21% with more than 9 rooms. Still about home, 58.94% referred that their homes did not have coated floor; the ones who had it represented 41.05%.

Concerning per capita income (Figure 2), 44.21% had an income of ½ minimum wage, 27.36% up to ¼ minimum wage, 24.21% with an income lower than 70 reais per person, only 4.21% had income between 1 and 2 minimum wages; it didn't occur families with more than 3 minimum wages per person.
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In the health indicators, specially referred to trash collection, it was observed that 63.15% had trash collected by the public service, 28.47% burn their trash, 2.10% bury and 5,26% throw it at open sky. Information related to trash destination can be found in Table 1.
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About the conditions of water use, 55.78% used public network water, 43.15% used water from well, and 1.05% from river. About the treatment of this water, 75.78% filtered it, 13.68% did not take any previous care, 6.31% took mineral water, and 3.15% boiled it.

About the welfare situation (Figure 3), prevailed the children without welfare bonds with the percentage of 60%; followed by children with welfare bonds as dependents of INSS in the proportion of 35.78%; and 4.21% were in condition of dependent with state bond. None of the interviewed had private welfare assistance.
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Among those who possess welfare bonds, 18.94% were dependent of parents who had formal jobs; 6.31% special insured; 2.10% facultative insured. Concerning benefits, it was observed that only 12.63% of the children had the Continuous Cash Benefit (CCB - BPC in Portuguese).

 

DISCUSSION

It was observed that the incidence of congenital cardiopathy keeps the same proportion between the genders, with a light domain of the female gender. About age, it is predominant the age group of the first childhood that goes from 0 to 6 years old, representing a little more than half of all children. This condition is probably because in this initial childhood phase that is performed the surgical procedure to correct the pathology in a palliative or definitive way. However, it should be consider too the proportion of children in a high age (24.21%) to this correction by surgical procedure is highly probable since this kind of surgery should be performed in the first years of life. The late submission to surgical procedure can be deriving from the difficulty to access the health service, once that in all state there is only one public unity taken as reference to correct congenital cardiopathy.

About the origin, the great majority belongs to cities in the countryside, having even the presence of children from another State (1.05%). It is also revealed that the children who did not count on family or governmental support, which means, have no presence of family members in the treatment city and do not count on support from their hometown which should ensure the minimum of attendance to their needs through the program Out of House Treatment (TFD in Portuguese).

Still referring to children's profile, prevailed those considered brown, fact that happens due to ethnic mix so present in the State or to the lack of racial identity. In the religious aspect, the catholic are still more frequent in the religion option.

In relation to children scholarity, this study shows that the majority was not alphabetized yet. This data is justified by the fact of children that are not yet in school age. According to UNICEF[1], the premature scholarity intervention in children of 4 to 6 years old can make a difference in the upgrade of chances of achieving a higher level of scholarity, reducing school failure and achieve a higher income in the future.

Concerning the dwelling conditions, the findings of this study show that the majority of children live in their own house made of bricks. However, it is relatively remarkable the expressive number of mud houses, without coated floor, with straw roof with the percentage of 26.21%, 58.94% and 11.57% respectively. This shows that the housing conditions of these children are still precarious, with poor infrastructure since 31.57% of these children do not live in a brick house. This indicator is a reflex of the absence or low range of a habitational policy to the low income families.

The study also revealed that the great majority of children live with a per capita income up to ½ minimum wage, which, according to IBGE[10], represents a poverty condition. Other fraction lives with an income lower than seventy reais, revealing a situation of extreme poverty. Thus, even with the economic growth of the country and the gradual reduction of social inequities through income transfer policies, the poverty still characterizes as a present problematic and exacerbated by neoliberal adjustment. It is worth to highlight that the State assumes a minimum role up to the social cut policies, and even the monetary aspect revealing itself to be one of the constraints of poverty, it is characterized as a multidimensional phenomenon, presenting a theoretical construction full of concepts that, many times, were conflicted or continued.

According to Araujo[11], initially, the poverty presents itself as something of moral and natural order; posteriorly, it begins to be seem as structural, showing itself as an reflection of the way of production and consumption adopted. More recently, it became object of State official organisms, being one element that teaches other social programs.

Another relevant aspect in the survey of socioeconomic conditions of children with congenital cardiopathy that can contribute to the aggravation of their pathology refers to the sanitation issue, such as: sanitary sewage, sewers' collect network, as well trash collection as fundamental elements to a decent life and, specially, healthy. The results show that only a reduced number of families of children have a sewer network (24.21%), being the great majority dependent to the fosse system or even open sky at the proportion of 75.78%. This reality is above the average of all country, once that 30.06% of the national population, represented by 16 million people, do not have homes with access to appropriate sanitation[12].

Concerning water distribution, the results show that the largest part of children use water from the public system, but an expressive number 43.15% of them use water from the well. It is important to say that these waters do not always have an appropriate treatment to human consume due to the absence of sewers network or satisfactory garbage collection, which results in the contamination of the groundwater which represents a large risk to children.

It is important to say that this chain of services is not simultaneous, because, despite the majority has water from the general network, do not possess the sanitation sewers network and satisfactory garbage collection. This is seen in all national territory. In 2011, according to IBGE[12], 48.5% of children up to 14 years old, 21.9 million approximately lived in houses that at least one sanitation service was not appropriate (water, sewer or trash). It is noted that there wasn't refueling of water through the general network, or septic tank linked to the collector network, or trash that wasn't collected. When these inequality forms of sanitation existed simultaneously in houses, around 4.8 million children in the proportion of 10.7% were seriously exposed to disease risks, and this indicator concerned 17.2% of children of Northeast region and, in contrast, 3.7% in the southeast region[12].

Taking this scenario into consideration, the closer follow-up of this public by the basic care teams (health family strategy and community health agents) is extremely important, in order to better assist the children with this kind of pathology and speed up in case of bigger complications, taking to reference hospitals. And also to identify risk factors to these individuals health, among so many already mentioned, proceed and articulate to this network may function through the intersectoriality among educational public policies, social assistance, health and previdence.

Associated to other social indicators, the welfare situation is another element that is worth to be considered as a factor of social vulnerability. It was observed in the study that most of the children did not have a welfarebond, which means, that their parents or responsibles do not contribute with the social welfare, and this can happen due to a difficulty of insertion in formal jobs, specially in a conjecture such as the neoliberal in which the unemployment in these conditions becomes a growing problem.

Still in the welfare matter, it is important to mention about the concession of the Continued Render Benefit (BPC) to these children. The BPC is a benefit in effect since 1993 which concedes the unconditional income transfer in an amount of a minimum wage to elders and people with deficiency whose per capita income is inferior to ¼ of a minimum wage, independent of previous contributions to the welfare system. For the elders, the concession of the benefit is made under two conditions: being 65 years old and be considered poor[13]. Concerning people with deficiency, beside the condition of poverty, it is necessary a limitation to an independent life and to work that are confirmed through some tests performed by experts of INSS, evaluating both the social status as the deficiency with systematic revaluations each 2 years to verify the persistence of the conditions that originated the benefit.

However, a study reviews to exist a controversy of the adopted model to the comprehension of what is a deficiency[14], what can, in some way, interfere in the beneficiary selection. The decree nº 6.214 of 2007[15,16] , establishes the person with deficiency as being "the one unable to independent life and to work, because of irreversible anomalies or injuries of hereditary nature, congenital or acquired that forbid the performance of activities of the daily life and work". Thus, the more severe congenital cardiopathies can be scaled in the list of possible deficiencies that can be selected to the BPC. However, the present study showed that only 12.24% of the children were using this benefit.

Analyzing the factors of concession of the benefit becomes a hard task, because involves evaluation, besides the social condition, the level of deficiency and how much it can limit the independent life of this child. This means that the analysis of the benefit concession brings into consideration not only the level of the deficiency, but, above all, the complex relation between the limitation of the body and the impositions of society. Thus, in case of congenital cardiopathy, the frontier between the deficiency (notion of permanence) and disease (notion of temporality) is latent and that, depending on subjective factors of each requiring subject and evaluator expert, can affect the benefit's deferring[16]. In the other hand, it is worth noting that social assistance is a constitutional right that also support children.

Although the real conditions of existence of great part of these children from Maranhão's State be permeated by the most diversified precarious forms of social and economic conditions and specially the appropriate access to medical treatment, it is important to mention that some efforts have contributed in some measure to call the attention to congenital cardiopathy and its treatment forms. They are: the creation of the congenital cardiopathies consciousness day, celebrated since June 12th 2012, with the goal to inform the general population about diseases caused by cardiac malformation and the medical class mobilization to create the Special Secretariat to the Treatment of Children with Congenital cardiopathies (SETRACCC) with by the Ministry of Health, whose primordial objective will be to enable the integral attendance of the child with congenital cardiopathy, aiming to reduce the high levels of mortality by the lack of access to surgical and percutaneous treatment by the creation of Integral Treatment Centers to Children with Congenital cardiopathies (CETICCCs)[17] in all national territory.

 

LIMITATIONS

It was considered as limitation to our study the impossibility to measure data referred to characteristics of the progenitors or responsibles for children with congenital cardiopathies, because these pieces of information were not available in the studied data bank.

 

CONCLUSION

Regarding all indicators of social economic conditions of children with congenital cardiopathies registered in this research, it is evident that material elements such as income, basic sanitation, housing conditions and welfare situation make it more difficult to deal with their needs[18]. The lack of their basic needs has direct implications on the health conditions of these individuals, resulting in the obstruction of people to obtain favorable living conditions for their participation in society. It is worth remembering that the health policy preconized in the country has intersectoral and inter institutional character, and they become effective which implies a strengthening of Brazilian social security system.

Another problem is what concerns income access, which in scholar children, represents one of the largest faced obstacles, once that the bigger the income of their families, better their housing and sanitation conditions are. These precarious conditions of housing, sanitation and also access to information that can contribute to aggravate the health conditions of the infantile public, because of its natural fragility, putting their development at risk.

The challenge that is presented with this study is how to guarantee the satisfaction of these children's needs. Brazil has legal devices of childhood and youth protection as the Law nº 8069 of 1990[2] by understanding that life quality of this population group is the source of national development. Therefore it has invested in income transfer Programs such as Bolsa Família (Family allowance), BPC and, more recently, the program Brasil carinhoso (Fond Brazil) that aims to overcome extreme poverty in the first step of the childhood. Although the importance of these actions, it is important to go beyond them and guarantee the satisfaction of these public needs in all life segments in society through the strengthening of jobs generation policies, housing policies and basic health with housing expansion with sewer sanitation network, public water and garbage collection and, more important, the strengthening of education policy so that even more children have the opportunity to grow in a health environment, overcoming these iniquities that affect so much this population group. Finally public policies of social cut that exercise a fundamental role in this process are expected, reason which arises a need of more debate, evaluation and, specially, monitoring so that the childhood becomes more assisted and indeed have an advance in the effectiveness of social rights in citizen perspective.
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ABSTRACT

We have shown how the analysis of the angiotomography reconstruction through OsiriX program has assisted in endovascular perioperative programming. We presented its application in situations when an unexpected existence of metallic overlapping artifact (orthopedic osteosynthesis) compromised the adequate visualization of the arterial lesion during the procedure. Through manipulation upon OsiriX software, with assistance of preview under virtual fluoroscopy, it was possible to obtain the angles that would avoid this juxtaposition. These angles were reproduced in the C-arm, allowing visualization of the occluded segment, reducing the need for repeated image acquisitions and contrast overload, allowing the continuation of the procedure.

Descriptors: Fluoroscopy. User-Computer Interface. Multidetector Computed Tomography. Endovascular Procedures.



 


RESUMO

Temos demonstrado como a análise da reconstrução da angiotomografia utilizando o programa OsiriX tem auxiliado na programação perioperatória endovascular. Apresentamos aqui sua aplicação em situação em que a existência de artefato metálico (osteossíntese ortopédica) comprometia a adequada visibilização de lesão arterial durante o procedimento. Pela manipulação da angiotomografia no software OsiriX e com o auxílio das imagens sob fluoroscopia virtual foi possível obter-se automaticamente uma angulação que evitasse esta justaposição. Os ângulos foram reproduzidos no arcoscópio, o que permitiu expor o segmento ocluído, reduzindo a sobrecarga de contraste e de repetidas tomadas, permitindo a continuação do procedimento.

Descritores: Fluoroscopia. Interface Usuário-Computador. Tomografia Computadorizada Multidetectores. Procedimentos Endovasculares.



 

 

INTRODUCTION

Prior to computed tomography (CT) scans with multichannel detector technology (implemented only from 1998 - when the first 4-channel equipment became available), the assessment of peripheral arterial disease by CT scan could only be performed only in a small segment of vascular system[1,2]. The introduction of multi-slice CT scans (from 16 channels), allowed the acquisition of larger anatomic volumes[2], making it an accurate method for the study of peripheral arteries[1]. Although digital subtraction angiography is considered the gold standard for peripheral arterial assessment, this has been replaced by CT due to the increasing number of detectors and collimators increasingly thin[3]. When compared to the first, CT angiography is less invasive, less expensive and exposes patients to lower doses of radiation[4].

However, the study of CT angiography generates a massive number of digital data and unwieldy, which interpretation and discrimination of changes are best evaluated when post processed in software, such as multi-planar reconstruction, volume rendering and maximum intensity projection[4].

We have shown how the analysis of tomographic reconstruction of fine sections through the OsiriX program has aided in perioperative programming of endovascular abdominal aneurysms, in prediction of the intra-luminal placement of angiographic catheters and in correction of angular positioning of the fluoroscopy unit[5,6].

We also reported how concepts of angulation and Virtual Fluoroscopy used on OsiriX (from multichannel CT angiography) are used to obtain the best intraoperative angle of visual exposure of peripheral artery, in situations where the existence of artifacts (like metallic orthopedic fixation) compromises its proper visualization during endovascular procedures.

 

CASE REPORT

Female patient, 24 years old, assisted at the Outpatient Clinic for High Complexity Endovascular Surgery at University of Campinas, with history of motorcycle trauma (fall) for 6 months, causing injury with fracture of clavicle, 3rd and 4th left ribs. She underwent on occasion to an orthopedic surgery (with placement of implantable system for osteosynthesis - fixation with plate and pins) with no major complications. For 3 months, she developed pain, paresthesia, coldness of the limb and progressive strength loss, with recent recrudescence. Physical examination presented a preserved sensibility, decreased motor function and slowed perfusion. The values of segmentar pressures registered in the left arm through a continuous wave doppler assessment were reduced, with a brachy-brachial index of 0,55 (N.V.: 0,9-1,1), reinforcing the hypothesis of an arterial involvement of this territory.

She underwent CT angiography exam of the supra-aortic trunks and left upper limb. It was identified an image of interrupted contrast, suggestive of occlusion of left subclavian artery (near the metallic prosthesis) with refilling in its distal part. The axial sections had impairment of appropriate visualization of the artery due to streak artifacts produced by the osteosynthesis, reason why it was opted for the intraoperative arteriography, for purposes of establishing an exclusive endovascular treatment (recanalization and covered stent implantation).

During surgical procedure, there was difficulty in the correct visualization of the lesion (ie., unfilled portion of the artery by intravascular contrast) due to the overlapping of radiopaque metallic rod included in the angiographic image (Figure 1A). After some attempts to capture new images posterior to the angular repositioning of the fluoroscopy unit, it was decided to resort to auxiliary study of CT in OsiriX software. At first, the manipulation of the axial images was performed, marking the proximal and distal portions of the subclavian artery with the point tool (Figure 1B). A three-dimensional volume reconstruction under virtual fluoroscopy was obtained, where it was able to identify an overlap of this demarcation by the orthopedic prosthesis (Figure 1C).




[image: Fig. 1 - Intraoperatory image]



By rotational manipulation of three-dimensional image, it was possible to obtain an angle that would avoid this juxtaposition (Figure 2A). The angles were reproduced in the C-arm, allowing visualization of the exposed occluded segment, allowing the rest of the procedure to follow (Figure 2B). Therefore, we proceeded to the artery recanalization with coated stent (Gore Viabahn 7x50) which was performed without any complications (Figure 2C).


  

[image: Fig. 2 - Three-dimensional]



RESULTS AND DISCUSSION

Until recently, digital subtraction arteriography was the modality of choice for evaluating patients with suspected vascular injury. However, due to the wide access of multichannel exams, it has rapidly replaced the conventional angiography in the diagnosis of vascular trauma[7].

In a meta-analysis by Jens et al.[8] sensitivity and specificity for vascular injury (when compared to subtraction arteriography or surgery) was 99.2% and 96.2% respectively. This justifies why all service centers should have a trauma tomography as an accurate method for diagnosis of vascular injury in extremity trauma, by reserving the conventional angiography for interventional or when the first is inconclusive.

Vascular abnormalities in the upper limbs are found less frequently than those affecting the lower extremities. Arterial imaging studies of the upper limbs is usually performed in trauma victims with ischemic symptoms of upper extremities, prep planning of complex vascular reconstructions and dialysis access as well as follow up of endovascular or surgical procedures[9].

Despite the many advantages, CT angiography also has its limitations. It can be ineffective in the diagnosis if the contrast reaches the studied segment too soon or too late at the period of image acquisition by the device. Another scenario in the diagnosis of arterial lesions after trauma is the presence of artifacts caused by metallic fragments on the periphery of the vessel, such as projectiles from firearms. These streaks make it impossible to analyze the correct image[7].

Anyway, it is important to remember that in any tomographic analysis is necessary to review the images of axial views to confirm the findings presented in reconstructions and define the possible presence of these or other artifacts that simulate disease[9].

In our case the analysis of the image in axial views showed these streaks artifacts, compromising the injury extension evaluation, even after adjusted values of windowing (brightness and contrast). Therefore it was decided to supplement with subtraction arteriography intraoperatively. Thus, it would be possible to estimate, based on the gap of intravascular contrast fill of the left subclavian artery, the extent of the lesion, the size and required length of the stent(covered stent graft).

However when facing the radiopaque image produced by the orthopedic fixation of the clavicle, it prevented the perfect view of the angiographic image due to its overlapping and radiopacity. To continue with the procedure without visualization of the arterial segment with intravascular contrast refill would increase risk of false paths, extensive dissections and the failure of the intervention.

We used the angiotomography previously performed in attempt to simulate the optimum viewing angle of the occluded segment to be recanalyzed. The OsiriX point tool marks permanently a voxel from a three-dimensional image - which is defined as the representation of a pixel (the smallest point of a digital image) in a volumetric grid originated from a series of pictures - and is reproduced in a three-dimensional-by-volume reconstruction. Doing so, it's possible to obtain any information of spatial positioning of this mark, such as the path of the occluded subclavian artery in this case. Thus, when marking with points the trajectory of the artery, it was possible to visualize it in any sort of reconstruction, axial, three-dimensional-by-volume or multiplanar. Through rotational manipulation of the three-dimensional-by-volume image, we could illustrate the studied artery avoiding overlapping the osteosynthesis plaque. The angles obtained automatically from the software were reproduced in the fluoroscopy unit, allowing the correct visualization of the angiographic image. Thereafter, it was possible to reduce the need for repeated angiographic takes in attempt to obtain the best exposure of the artery, avoiding iodinated contrast overload. Therefore we proceeded to the recanalization of the thrombosed segment with placement of a covered stent with therapeutic success (which can be observed by control angiography). The patient's clinical improvement was evident, verified with the complete resolution of the symptoms.

The use of OsiriX as a complementary tool allows doctors to assist in the preparation of surgeries (as endovascular) extending it beyond the field of diagnostic radiology. These tasks can be easily incorporated into the armamentarium of the surgeon to avoid pitfalls and unforeseen situations that are identified intraoperatively, increasing the operatory risk and oftentimes leading to intervention failure.
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    ABSTRACT

    Third REDO-CABG is a challenge for the surgical team. Usually a patent mammary is the only graft working and the sternotomy becomes a risky procedure. Injury to a patent graft has been associated to a high mortality rate. Many different approaches have been proposed. We describe a novel technique to approach the right coronary artery through a right anterior small thoracotomy using the right mammary prolonged with saphenous vein for grafting the posterior descending artery on the beating heart. The technique is very simple and feasible because anatomically the right coronary artery and the right mammary are very close and the mobilization of the heart is minimal.

    Descriptors: Coronary Artery Bypass. Thoracotomy. Myocardial Revascularization.

  

   

  
    RESUMO

    A terceira reoperação de revascularização miocárdica é um desafio para a equipe cirúrgica. Normalmente, uma mamária patente é a única possibilidade de enxerto e a esternotomia torna-se um procedimento arriscado. A lesão de enxerto patente tem sido associada a uma alta taxa de mortalidade. Muitas abordagens diferentes têm sido propostas. Descrevemos uma nova técnica de abordagem da artéria coronária direita através de uma pequena toracotomia anterior direita usando a mamária direita prolongada com enxerto de veia safena para a artéria descendente posterior com o coração batendo. A técnica é muito simples e viável, pois anatomicamente a artéria coronária direita e a mamária direita estão muito próximas e a mobilização do coração é mínima.

    Descritores: Ponte de Artéria Coronária. Toracotomia. Revascularização Miocárdica.

  

   

   

  INTRODUCTION

  The Third Redo-CABG (coronary artery bypass grafting) is always a challenge for the surgical team. Usually, the patient has a patent mammary as the only graft working just in the midline which represents a risky situation for a re-sternotomy[1-2]. Most of the time other conditions as renal failure, low ejection fraction, increased age, unstable angina, cardiac failure and pulmonary hypertension are present, representing also an increased risk for prolonged mechanical ventilation[3]. Worsening this situation is the absence of available conduit for the grafting because most of them have been already used for the previous surgeries.

  We are proposing a technique to reduce the risk in this special group of patients, avoding the re-sternotomy, thus avoiding the cardiopulmonary bypass, and using the skeletonized right internal thoracic artery for grafting the right coronary or the posterior descending artery (PDA) with minimal manipulation of the heart.

   

  TECHNIQUE

  A 78 year-old diabetic patient was admitted in our service with recurrent angina for a REDO third coronary surgery. He had had triple bypass in 1994 via median sternotomy. After that, he had PTCA stents two times in 1996 and 1998. In 2004, our team performed a double bypass from a left thoracotomy using a saphenous vein graft from the descending thoracic aorta to the diagonal and the marginal branch.

  The angiogram showed: RCA 100% occluded on the distal third. LAD 100% occluded proximally. Left main with patent stent. CX 80% on the medium third. Collateral circulation from the left to the right coronary artery, the ascending, arch and descending aorta were severely calcified, a patent LITA to LAD was keeping the patient alive. The ejection fraction was of 30% assessed by transesophageal echo. Because of the patient was not suitable for PTCA, and there were no conduits available for grafting, we decided the use of the right internal thoracic artery (RITA), prolonged with a small segment of saphenous vein available on the left groin for grafting the Posterior Descending Artery (PDA). The patient approach was very risky from median Sternotomy because there was a patent LITA to LAD. The left thoracotomy, as we use as a routine, was not possible because there was no graft of enough length available. The use of the right gastroepiploic artery was also considered, but the patient had previous partial gastrectomy. As we had the experience before operating on a patient with dextrocardia through a right thoracotomy[4], we decided to perform a right anterior thoracotomy for grafting the RCA to the PDA branch.

  A fully written informed consent was obtained and signed from the patient and his wife, as well as their consent for the use of the information and pictures for scientific reason.

  Before anesthetic induction, the patient was premedicated with 100 mg of Ketoprofen, 2 grams of Dipirone, 8 mg of Dexametasone, and antibiotic profilaxis as per protocol, an intra-aortic balloon pump was inserted via a right femoral artery to assist the left ventricle and improve the severe patient ischemia.

  The patient received a 1.5 mg/kg Propofol, 0.07 mcg/kg/min Remifentanyl over 10 min, and 1 mg/kg Rocuronium. Then a bronchial blocker was inserted after the induction in order to exclude the right lung, but the patient didn't tolerate the exclusion and we had to do a partial exclusion with the use of lap sponges. The position was on a left lateral supine at approximately 30 degrees with the right arm elevated (Figure 1).

  
    

    [image: Fig. 1 - Patient position]

  

  A right anterior thoracotomy was performed at the 6th intercostal space. Bupivacaine was then injected on the upper and lower side of the incision as a part of our pain control protocol. With the use of Finocchietto retractor in combination with a Rultract retractor, the right pleural space was approached. A lot of pleural adhesions were removed from the right lung to achieve a proper surgical field. The pericardial fat and thymus rest were removed. The right internal thoracic artery was dissected in a skeletonized fashion with the use of ultracision harmonic scalpel and a special forceps. Systemic heparin (2 mgs/kg) was given to maintain an activated clotting time around 350 seconds. The right internal thoracic artery was transected distally and a terminal-terminal anastomosis was performed with a small piece of saphenous vein previously removed from the left groin, using an 8/0 Prolene running suture (Figure 2).

  
    

    [image: Fig. 2 - Anastomosis RITA]

  

  Papaverine solution was spread around the RITA to improve its diameter and relieve from a possible spasm. The right side of the heart was dissected from the adhesions of the previous surgeries very carefully avoiding lesion of the right atrium and the right ventricle. The target vessel was founded following the previous occluded saphenous vein graft to the PDA performed in 1994. Using a Maquet Acorbat-i stabilizer®, the artery was dissected, inspected to ensure the feasibility of the anastomosis and opened very carefully. A 1.5 mm flow-through intracoronary shunt was inserted as a part of our routine (Figure 3). The distal anastomosis was then performed in the usual fashion on the beating heart with the continuous running polypropylene 7/0 suture (Figure 4).The Butterfly Medistim Flowmeter was used to check the graft flow, the PI (pulsatility index) was 2,9, the mean flow was 28 ml/min and DF (dyastolic filling) was 62% which was considered satisfactory. Protamine was administered to achieve full heparin reversal and a further dose of Bupivacaine was injected on the upper and lower side of the incision as usual.

  
    

    [image: Fig. 3 - PDA stabilization]

  

  
    

    [image: Fig.4 - Anastomosis performed]

  

  Transesophageal echo was performed before and after the anastomosis in the same patient conditions: anesthetic drugs, use of inotropics and balloon assistance and an impressive improvement of the postero-lateral wall contraction was showed, increasing the left ventricular ejection fraction from 30 to 45% (Figure 5).

  
    

    [image: Fig. 5 - Transesophageal]

  

  A multi-orifice catheter was placed inside the incision for a postoperative pain control and the incision closed conventionally.

  The patient was awakened at the end of the procedure and extubated on the table. The postoperative course was really uneventful. The intraortic balloon pump removed in the ICU 1 hour after and the patient discharged at home on the third postoperative day.

   

  COMMENT

  The coronary surgery has changed a lot in the last two decades. Now the surgeon has the obligation to know how to perform many different procedures for the same purpose, thus resolving the patient ischemia. From the standard on pump, median sternotomy coronary artery bypass grafting, which was the only technique used before, actually, we have the off pump-median sternotomy, lateral thoracotomy, minimally invasive coronary surgery, video-assisted, robotic and hybrid procedures. And for the REDO-CABG we have also the axillo-coronary via left thoracotomy, postero-lateral approach using the descending aorta and the xiphoidal approach using the right gastroepiploic artery[5-9].

  This novel technique that we describe may help to resolve many difficult situations like the above patient, who was no candidate for any of the above mentioned techniques. Moreover, especially in REDO-CABG, would be a good choice for a hybrid procedure when the LAD or the circumflex could be stented and the RCA or PDA resolved by this RAST operation. Our only concern about this case is the long term patency of the saphenous vein anastomosed to the RITA, of which good short term results are reported[10], but could be a choice when there is a lack of conduit, like in our case. It's very important for the cardiac surgeon in the current era to keep open eyes at any new procedure, because the coronary Surgery is becoming more and more complex every day.
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  To the Editor,

  I have read with great interest the paper by Cunha et al.[1] which presents the results of a psychological assessment of candidates to heart transplantation. They evaluated 60 candidates to heart transplantation from 2004 to 2012, 73% with a stable partner. By using the SF-36 Health survey, the Beck Depression Inventory, and a personal interview, they observed that indices of quality of life were lower in women in comparison to men, specifically on functional capacity, vitality, emotional aspects, and general mental health. They concluded that patients with psychosocial vulnerability should receive psychological care. I agree.

  Psychological evaluation is paramount in candidates to heart transplantation, inasmuch as pretransplant factors may be associated with adverse outcome in post-transplant patients. In fact, lower received social support, higher education, and lower conscientiousness detected on the waiting list are independent predictors of post-transplant adherence with medication, which is associated with acute rejection[2]. Furthermore, the presence of psychiatric problems in the pretransplant period continues following heart transplantation[3], including substance abuse[4]. Moreover, previous suicide attempt, alcohol rehabilitation, and depression are associated with decreased survival[3]. Therefore, unfavorable psychological profile, characterized by previous suicide attempt as well as substance abuse, may preclude candidates to undergo heart transplantation[5].

  It is, therefore, reassuring to see that patients reported by Cunha et al.[1] do not fit, in general, in the unfavorable psychological profile, as outlined earlier, to the point to be excluded from the waiting list of heart transplantation. In addition, it is of utmost importance to perceive that the majority of them had a stable partner who will act as caregiver following the procedure. Thus, I believe that, by offering proper psychological support to vulnerable patients, mainly to women, we can perform heart transplantation successfully in patients with minor psychological disorders, as we did to patients with low socioeconomic profile[6].
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          Informações: Khalil Fattouch

          Fone: 00393450083291

          E-mail: khalilfattouch@hotmail.com
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          Site: www.belsect.be/symp2014

        26 a 30 - American College of Surgeons Clinical Congress

          São Francisco, Estados Unidos

          Informações: Kathryn Matousek

          Fone: (312) 202-5336

          Fax: (312) 2025-5029

          E-mail: kmatousek@facs.org
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          Site: www.promedicacme.com/meeting/Controversies-and-Advances-in-the-104.html

        21 a 23 - 6. Fokustagung Herz

          Nuremberg, Alemanha
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Table 5. Evaluation of acute cellular rejection. humoral rejection and graft vascular disease.

Group A Growp B Pralue
N=58) =154
Acute cellular rejection
Grade OR 2339.7%) 67 (435%) 0613
Grade IR 2(79%) 61(39.6%) 0887
Grade 2R 11(19.0%) 20(13.0%) 0276
Grade 3R 2034%) 6(3.9%) 0879
Grade 2R 13 (224%) 26(169%) 0351
Grade 22R (first 12 months) 10(17.2%) 23(149%) 0680
Humoral rejection 1(1.7%) 5(3.2%) 0551
Graft vascular disease 6(103%) 14©91%) 0781
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CPB. Cardiopulmonary bypass.
GvD Graft vascular disease
1ABP infra-sortc balloon pump.
1cu Intensive care unit

SPT Portuguese Society of Transplantation
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‘Table 6. Mortality data and causes of death.

Group A Growp B Praue
(N=58) =154

Mortality

Overall 11(19.0%) 36 (234%) 0491
Hospital 2034%) 7(45%) 0724
Early (< 6 months) 5(8.6%) 14 9.1%) 0915
Death =1 year 6(103%) 17(11.0%) 0885
Late Death >1 year 5(86%) 19.(12.3%) 0446
Causes of death

Cardiac 107%) 6(3.9%) 0430
Vascular 362%) 9(58%) 0850
Neoplastic 11.7%) 7(45%) 0337
Neuropsychiatric 2034%) 1(06%) 0124
Tnfectious 362%) 10(65%) 0721
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‘Table 1. Demographic and clinical data of the study groups.

Parameters Giomp & Giow B Pale
HOMA <25 HOMA-25
141 (%) 140 (%)

Mean age (yrs. SD) 643208 62380 0349
Males 37 33

Smoker 16(30.0%) 17(42.5%) 0750
Renal falure 6(14.6%) 9(225%) 0362
Hypertension 21 (51.2%) 20(725%) 0.049
PAD 6(14.6%) 5(12.5%) 0779
CoPD 2(53.7%) 20(50.0%) 0742
cn 4(0.8%) 125%) 0350
Number of Revascularized Vessels 24510 27511 0127
Pre-op M 2(53.7%) 21(525%) 0917
FBG (mg/dL) 907-186 10752253 0,094
FBI (WU/L) 53530 2304185 <0.001
HbAlc (%) 50403 5804 0.097
HOMAIR. 13207 6051 <0.001
Cross-clamping time (min) 4552182 619367 0.043
‘Pump time (min) 756:053 97.0:460 0.031
‘Hospitalization duration (days) 65515 72517 0.061

PAD=peripheral arterial disease; COPD=chronic pulmonary obstructive disease; CVA=cerebrovascular event;
MI=myocardial infarction; FBG=fasting blood glucose; FBI=fasting blood insulin





OPS/images/a15img04.png
Authors’ roles & responsibilities

EA ‘Main author
Mo Coanthor






OPS/images/a16img01.png
Table 1. Demographic and clinical characteristics of the patients.

Variables Group 1 Growp 2 Puae

Superior Transseptal Left Atriotomy

(@=47) (@=44)

Median age (y%5. SD) EAEEE) S0=155 0467
Male 21 18
Duration of complaiats (y1s. SD) 15414 15205 0266
New York Heart Association Classification
Class I (. %) 35 (745) 44(100%) <0.001
Class IV (. %) 12255%) 0
Presence of DM (u. %) 11(23.4%) 20 (45.5%) 0.027
COPD (. %) 23 (489%) 30 (38.6%) <0.001
Presence of CAD (2.%) 10213%) [ 0.001
Presence of comorbidities (2. %) 18 (383%) 3(68%) <0.001
Additional intervention (0. %) 19 (40.4%) 29(65.9%) 0.015
Number of re-do operation (2. %) 5(10.6%) 444%) 1000
Presence of mitral insufficiency (1.%) 37(78.7%) 31(705%) 0364
Presence of mitral stenosis (2.%) 13 27.7%) 1125.0%) 07

SD=standard deviation; COPD=chronic pulmonary obstructive disease; DM=diabetes mellitus
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‘Table 2. Logistic regression model with dependent variable as HOMA (normal/high).

7 SE 7 Odds 405 Confidence imferval
Min Max.
FBG 0.036 0016 0.021 1036 1.005 1.069
HbAlc 1553 0782 0.047 0212 0.046 0979
PAD (Yes'No) 1245 0935 0183 0288 0.046 1798
HT (Ves'No) 0785 0598 0189 2193 0679 7075
‘Pump time 0023 0011 0.026 1024 1.003 1045
Post-op EF 002 0024 0363 102 0975 1072
‘Hospitalization duration (day) 0.150 0207 0443 1172 0781 1757
Smoking (Ves/No) 1.059 0603 0127 2883 0741 11210

B=regression coefficient; SE=standard error; FBGfasting blood glucose; PAD=peripheral artery disease;
-hypertension; EF=ejection fraction
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Fig. 1 - A comparison of pre- and postoperative ECG findings
‘between the groups.
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Table 4. A comparison of postoperative variables befween the groups.

Variables Group 1 Group 2. Pralue
Superior Transseptal ~ Left Atriotomy
(@=47) (@=44)
Bleeding (n. %) 2(43%) 0 0495
Postoperative pleural effusion (2. %) 4(154%) 0 0.021
Need for revision (2. %) 4(8.5%) 103% 0362
CPR (2.%) 48.7%) 2(45%) 0677
Intubation days (mean=SD) 1105 1002 0356
Pacemaker implantation (2. %) 5(106%) 205%) 0436
Length of ICU stay (day) (mean=SD) 37531 26:07 0378
Length of hospitalization (day) (mean<SD) 154264 143220 0809
Esitus (n. %) 4E7%) 2@5%) 0677

‘CPR=Cardiopulmonary ressusitation; ICU=mntensive care unit, SD=standard deviation
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‘Table 2. A comparison of intraoperative variables between the groups.

Variables Group 1 Group 2 Palue
Superior Transseptal ~ Left Atriotomy
(2=47) (= 44)

Cross-clamp time (min) (mean=SD) 960269 [EE=13] 0003

‘CPB time (tmin) (mean=SD) 12832362 11832568 0.020

Antegrade amrestiprevention (a. %) 9(19.6%) 35 (79.5%) <0.001
Antegrade = retrograde arrest / prevention (n, %) 37(804%) 9(205%)

Tnotropic support (. %) 36 (76.6%) 32(2.7%) 0.671

‘Duration of inotropic use (day) (mean=SD) 17:32 07205 0.046

‘Presence of respiratory problem (n, %) 6(133%) 0 0.026

‘SD=standard deviation. CPB—cardiopulmonary bypass
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‘Table 3. A comparison of pre- and postoperative data.

Variables Group 1 Pralue Group 2 Pralue
‘Superior Transseptal Lef Atriotomy
(@=47) (=44
‘Preoperative EF (mean=SD) 572290 0.001 5742100 <0001
Postoperative EF (mean=SD) 5155144 4012129
‘Preoperative PAP (mean=SD) 4542113 <0.001 4672121 0.025
‘Postoperative PAP (mean=SD) 367293 3832103

ECMO=extracorporeal membrane oxygenation; EF=gjection fraction; PAP=pulmonary artery pressure;
SD=standard deviation
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cEC Ciralagio extacorpérea
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Tabela 1. Tipos de cirurgias.

Tipos de cirurgias
GRUPOA F-TEST VALORP GRUPOB F-TEST VALORP GRUPOC F-TEST VALORP

Revascularizagio do 2% @1) 1212 0274 76.19%@=8) 0650 042  80%(@=8) 0182  0.670

Trocadevalvaaérica  25%(@=1) 20899 <0001 2063%(@=13) 0036 0112 0% 0 0
Valvoplastia mitral 25%(@=1) 29899  <0.001 0% 628 004 0% 0 0
Reidademixomaaial 0% 0176 0274  150% (1) 0036 0848 % 3137 0080
esquerdo

Corregio de aneurisma 0% 0468 0496  150%(x=D) 6774 0011  20%@=) 3137 0080
Corregio de comumicagio 25% (=1) 20899  <0.001 0% 628 0014 0% 0 0
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Tabela 2. Média e desvio padrio do volume recuperado. volume infundido. Hb do sangue infundido. VG do sangue infundido. Hb pré-operatério.
Hb trans-operatGrio, Hb pos-operatario, Hb alta, Unidade de CH.

MEDIA E DESVIO PADRAO
GRUPOA F-TEST VALORP GRUPOB F-TEST VALORP GRUPOC F-TEST VALORP
Volume recuperado  136050= 0288 0503  143663= 736 0008  213700= 1296 <0001
511,37 ml 516,06 ml 925.04ml
Volume infundido 33975+ 3571 0062  SI883= 0665 0417  52620= 0082 0774
87.71ml 183,02 mi 27.15ml
Hbdosangue infundido  1813= 0149 0700  1754= 284 0097  2000= 4583 0035
301m 291 ml 890l
VGdosngueinfundido 5356= 0966 0328  5276= 1576 0213 5100= 4064 0047
946 ml 862ml 1258 ml
Hb pré-operatorio 1345= 0001 0972  1358= 0182 0670 1308= 0217 0642
130 gal 331gd 152gd
Hb trans-operatério 1L10= 0100 0741 1087+ 020 0648 1045= 0555 0458
188 g/dl 13 g 157 gl
Hb pés-operatério 978= 0001 0972  984= 030 058 1054= 0367 0546
179 gal 130gd 139 gidl
Hbalta 1080= 0010 0919  935= 3971 0040 913= 498 0028
L1sgal L10gd 093 gidl
Unidade de CH 100= 0176 0675 127 134 0241 256= 2718 0103

200 185 201
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Table 3. Donor population data.

Group A Group B Palue
N=58) (=154
Mean age (vears) 3525112 339=109 0420
Age = 50 years 8(13.6%) 18 (11.6%) 0677
Male sex 48 (828%) 114 (74.0%) 0182
Donor femalereceptor male 8(138%) 28(18.2%) 0448
Weight ratio donorrecipient =12 22(37.9%) 2Q73%) 0132
Weightratio donor/secipient <0.3 1(1.7%) 5032%) 0477
4(69%) 6(3.9%) 0358
7(121%) 18(11.7%) 0930
2(4%) 2(13%) 0305
23 (30.6%) 50(32.5%) 0326
31(534%) 92(50.7%) 0408
264%) 10(65%) 0392
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Table 4. Operative data.

Group A Group B Pralue
(N=58) (N=154)

Total fschemic time (ain) 3912370 9152345 0660
Mean CPB time (tin) 9852305 99.7:320 0813
Mechanical ventilation time (hours) 1712150 19325 0487
Tnotropic support >48 hours 8(138%) 17(11.0%) 0579
Mechanical assistance 0(0%) 10(65%) 0.047
Reoperation for bleeding 4(69%) 6(G.9%) 0358
Associated procedure 1(17%) 12(78%) 0101
Mitral valvuloplasty 1(1.7%) 9(58%) 0207
‘Tricuspid anmuloplasty 0(0%) 1(06%) 0538
Coronary revascularization 0(0%) 2(13%) 0383
CPB=Cardiopulmonary bypass
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Table 1. Heart transplantation.

Priority (descending order) and their criteria (Portuguese Transplantation Society - SPT)

1 Emeency  Primary graft failure in the fist 24 hours after cardiac transplantation
T Emergency a) Patients in cardiogenic shock requiring ventricular assistance
) Patients in cardiogenic shock requiring artficial heart
Il Emergency Patients in cardiogenic shock with intra-aortic balloon counterpulsation
IV Emergency Patients in cardiogenic shock requiring mechanical ventilator support
v Urgent ‘Patients being admitted to both UCT and inotropic support to maintain adequate cardiac output
v Urgent ‘Patients with more than one hospitalization in the ICU in the last 6 months
VI Elective Tncludes the remaining patients
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GroupA Growp B Pralue
N=58) (N=154)

Mean age Gears) 5205113 5532104 0050
Male sex 45(77.6%) 120 (77.9%) 0958
Body mass index (Kg/ar) 27220 24123 0,005
Diabetes mellifus 3(13.8%) 35227%) 0146
Hypertension 20 (34.5% 58(37.9% 0545
Reoperation 1627.6%) 49 (31.8%) 0551
Etiology

Ischaemic heart disease: 21362% 63 (40.9%) 0533
Dilated cadiomyopathy 21(362% 55(35.7%) 0947
Other 1627.6%) 36(23.4%) 0786
Peripheral vascular discase 14241%) 54(35.1%) 0129
Carofid discase. 1(17%) 8(2%) 0264
Cardiac index (mino) 10205 19205 0907
Transpulmonary gradient (munHg) 0445 9346 0890
Pulmonary vascular resistance (WU) 33220 3424 0820
Hemoglobin (g1dL) 122222 132519 0001
Platelets 216:83 21270 0783
LDH (UL) =184 250:120 0361
AST(UL) 055 43247 0903
ALT(UL) 51:80 44248 0460
GGT (UL) 137112 18112 073
Total bilirubin (mg/dL) 15210 11207 004
GFR (mL/min) 5722265 6092212 0301
Serum creatinine (mg/dL) 16212 14204 0010
Mean follow-up (years) 416,60 468275 0219
Time on waiting list (days) 204:438 4882452 0.006

LDH=Lactate dehydrogenase; AST=Aspartate aminotransferase; ALT=Alanine aminotransferase; GGT=Gamma-
glutamy! transferase; GFR=Glomerular filtration rate or creatinine clearance
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{able 1. Lung Cancer Invading the Amrway: Site of the Tumor and

‘Number of Treatments
Patients ‘Treatments
Trachea 36 (13%) 3
Carina 28(10%) 38
Main bronchi 154 (56%) 195
Bronchus intermedius 29 (11%) 38
Distal airway 26(10%) 37

Total 73 351
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Fig. 1 - Histogram showing effects of transdermal 176-estradiol
on left internal mammary artery (LIM4) graft cross-sectional
area. Tt increased by 30% (3.45 + 1. 2 mm’ versus 424 1
mm?: P = 0.039).
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Fig. 2 - From laft 1o right: cranial view, respectively, from equatorial, apical and basal regions of the
left venrricle in dilated hearts. The blue line corresponds to the non-septal segment (NSS) and the red
line to the septal segment (SS).
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‘Table 1. Descriptive results (averages) for the variables measured (cm) in both groups, as well as the NSS/SS ratio of 3
regions analyzed.

VE
Septal Segment (S5) Now-Septal Segment (NSS) NSS/SS

Busdl Equonal Apicl Bl Equonal Apical B E A

Nommal Averages 34 35 65 75 61 2 22 3

DCM  Averages 6 6 27 1 129 69 19 22 36
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DistAvAP.

Fig. 1- Posterior view ofa heart with schematic delimitation of dots
for ventricular lamination. Basal dot (20%), equatorial dot (50%),
apical dot (80%).
DistAV-AP = distance from atrioventricular sulcus to the left
ventricular apex
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‘Table 1. Preoperative characteristics of heart transplant recipients in both study groups.

Variables TLocal Long-distance. P
(N=30) =11)
Mean age (vears) 38535 32556 04
Male sex 17(59%) 7(64%) 077
Black race 14 (48%) 6(55%) 074
Blood type 02
A 3(28%) 6(55%)
B 3(10%) 2(18%)
AB 2(7%) [
o 16(55%) 3Q7%)
Functional class (NYHA) 027
m 19 (66%) 6(55%)
v 11(34%) 5(45%)
Priority state 6Q1%) 4(36%) 092
Etiology 035
Chagas 14 (45%) 6(55%)
Idiopathic 6Q1%) 2(18%)
Ischemic 20%) [
Congenital 1G%) 19%)
Valvar 20%) o
Restrictive 1G%) 2(18%)
Amiloidosis 16%) [
‘Previous cardiac surgery 3(10%) [ 043
‘Previous cardioverter defibrillator 3(28%) 5(45%) 028
‘Previous cerebrovascular accident [} 19%) 0
Systemic arterial hypertension 207%) ) 054
Serum creatinine 13015 11022 045
‘Prefonmed antibodies > 10% 0 0 1
‘Echocardiographic parameters
LVDD (mm) 669:138 619:155 034
LVSD (mm) 6032155 509162 o1
Lef atrium volume 7232259 842:389 035
RV systolic pressure 48323 604137 006
Ejection fraction 246:124 332171 o1
‘Hemodynamic parameters
Cardiac index 128035 1232022 079
Transpulmonary gradient 44243 38237 076
Pulmonary vascular resistance 3318 313 069

NYHA=New York Heart Association; LVDD= left ventrcle diastolic diameter; LVSD=left ventricle systolic diameter;
RV=right ventricle
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Fig. 3 - Comparison of mean values of the NSS/SS ratios from basal,
equatorial and apical regions of the leftventricular chamber in both
groups
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Fig 3~ PDA stabilization and shunt in- The PDA s stabilized with
the use of the Maquet-Acrobat and a 1.5 flow-thru shunt is placed.
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CABG) ‘Coronary artery bypass grafting
PDA Posterior descending artery
RAST Right anterir small thoracotomy
RCA Right coronary artery

RITA Right mammary thoracic artery

VG ‘Saphenous Vein
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‘Table 3. Comparison of Quality of Life (SF-36) scores between male
‘and female heart transplantation candidates

ariable Women Men P
Physical M=2008 M=2T3 0o
fanctioning SD-1209 sD=2019
Mininnum=0 Minimune=0
Maximum—45  Maxinum-80
Physical role M-1205 M=2197 007
fanctioning SD-19.04 SD=2436
Mininnum=0 Minimun=0
Maximun=75  Maxinum-80
Bodily pain M=4820 M=63.01 007
SD=2616 sD=2729
Minimun=10  Minimum=5
Maximun—98  Maximum=100
Generalhealth ~ M=4405 M=5481 008
SD-19.98 sD=2237
Mininnn=9 Minimune=0
Maximun=77  Maxinum=00
Vitality M=3418 M=5347 000
SD-18.06 SD=2635
Minimum=12  Minimum=12
Maximun=70  Maximum=100
Social role M=4980 M=55.08 054
fanctioning SD=3230 SD=31.13
Mininnum=0 Minimune=0
Maximum=100  Maximum=100
Emotionalrole  M=3568 M=5753 004
fanctioning SD-3658 SD=3798
Mininnum=0 Minimune=0
Maximum=100  Maximum=100
Mental Health M=4656 M=6213 00*
SD=2105 SD=27.60
Mininnum=7 Minimune=0
Maximun=76  Maximum=100

0,05, Mann-Whimey Tast





OPS/images/publicidade6.png
Baixa calcificagao*

Excelente desempenho
hidrodinamico**

728

325 308 509

Ty, 2kl 23, ' 4125 057k 120K EaT
Diametro (mm)

&

www.braile.com.br
(17) 2136 7000





OPS/images/a13img04.png
Abbreviations, acronyms & symbols

BT Cogiive Behavioral Therapy






OPS/images/a13img01.png
Table 1. Patients who underwent pre- cardiac transplantation
‘psychological evaluation at the Base Hospital between 2004 and 2012.

Variable N %
Geader Ml EERE )
Female 7 83
Total 60 100

Age Age range.
Minimum age: 16 16-25 years H 833
Maxinm age: 66 26-35 years 6 10
Mean: 45.18 3645 years 18 30
SD: 1191 4655 years 17 83
56— 66 years 1 B3
Origin SioJoséRioPreto 10 1666
Suroundingarea 50 8333
‘Educational level Iliterate 2 333
Elementaryschool 41 6833
Middle school 10 1666
Highschoolcollege 7 1166
Occupation ‘Homemaker 3 1333
Retired B 206
Autonomous 4 666
‘Wage earner 35 583
Marital status Stable relationship 44 7333
Single 10 1666
Divorced 4 666
Widow(er) 2 333
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Table 2. Comparison of mean Beck Depression Inventory (BDI)
scores betiween men and women and between single patients and
patients in a relationship.

BDI— Beck Depression Inventory

Variable M SD P
Men 1461 043 006
Women 2141 1282

Ina relationship 1704 1062 0069
Single 1090 1077

P<0.05, Mann-Whimey Test
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Table 1. Characteristics of the sfudy patients.

Variables Number of patients (%).
‘number of surgeries (%).
Time (min. hours. days)

“Total of patients 0

Age (ears) 50425

Type of surgery. (%)

CABG 3(36.4%)

Valve replacement 7(18%)

Valvuloplasty 2(0.9%)

CABG ~ valve replacement or repair 2009%)

IAC repair 1(454%)

Aeurysmectomy 1(454%)

Mysoma resection 1(454%)

CPB time (minutes) 9412143

MV time (hours) 121212

Length of hospital stay (days)

Total 101208

U 29203

CABG=coronary artery bypass grafting, IAC=interatrial septal
defect, CPB=cardiopulmonary bypass, MV=mechanical ventilation,
ICU=intensive care unit
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Fig. 2 - Peripheral muscle strength. Peripheral muscle strength in
patients undergoing cardiac surgery. MI (preoperative assessment),
M2 (assessment on the day of discharge from ICU), M3 (assessment
on the day of hospital discharge). The data were assessed using the
one-way ANOVA test and Bonferroni post-test.
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ofthe paper
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review of the paper
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Fig. 1- Kaplan-Meier survival curve after 88 months of aortic valve
prosthetic implantation.
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‘Table 2. Causes of death according to the time of HTx follow-up.

Time of MODS  Rejection  Infection _ SuddenDeath  GUD bjn;impmh&mhve Primary Graft | PIE

Follow-up ©) ©a) () ) () Disfunction (%)
(‘A! (%)
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d=days; y=years; MOD=Multiple organ disfinction; GVD=graft vascular disease; PTE=pulmonary thromboembolism
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‘Table 1. Classification and staging for RIFLE. AKIN. and KDIGO criteria.

RIFLE AKIN KDIGO
Class SCror GFR. Stage SCr Stage SCr
Risk ToeasedSrx15or 1 Tocrease i SCr=03 1  ToreasemSCroy=03mgdl
GER decrease > 25% mg/dL or = 150% to ‘within 48 hours or increase in SCr
(within 7 days) 200% (1.5-to 2-fold) 1510 1.9 times baseline which
from baseline (within is known or presumed to have
48 hours) ‘occurred within the prior 7 days
Tnjury 2 IncremseinSCrtomore 2 IncreaseinSCrto201t029 times
than 200% to 300% baseline
(> 2- to 3-fold) from
baseline
Failure IncreasedSrx30or 3 IncreaseinSCrtomore 3 Increasein SCrto 3.0 times
GER decrease > 75% than 300% (> 3-fold) ‘baseline or increase in SCr to-
0rSCr=40mgdLor from baseline or SCr = 4.0 mg/dL or initiation of renal
acute increase = 0.5 4.0 mg/dL with an acute replacement therapy
mgdL increase of at least 05
‘mg/dL or initiation
Loss Persistent acute renal of renal replacement
failure = complete. therapy
Toss of kidney

function > 4 weeks

‘End Stage Kidney Disease  End stage of kidney
disease (> 3 months)

Modified from Bellomo et al.l, Mehta et L.t and Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group!!
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‘Table 1. Major differentiations between acute respiratory distress syndrome and postperfusion lung syndrome.

Variable ‘Acute respiratory distress syndrome ‘Postperfusion lung syndrome.
Alias Respiratory distress syndrome, adultrespiratory distress  Pump hung. o systemic inflammatory
syndrome, or shock lung response syndrome fo CPB
Incidence 15-8.3 cases per 100,000 population per yeart 04-2.0% of the patients't
Etiology ‘Trauma, operation. stress, shock. infection. Cardiac operation under CPB
infiammation, fat embolism, massive blood transfusion.
and drug interaction.
Mechanism Complement activation and organ neutrophil Complement activation, organ
sequestration ‘neutrophil sequestration and.
circulating endotoxin activation
during CPB
Pathology Alveolar-capillary membrane damage due to direct Same
toxicity. prolonged hypoperfusion. or direct cellular
damage®!
‘Predisposing risk factor 65 years old, smoking cigarettes, chronic lung disease  Cardiac and pulmonary ischemia/
‘and a history of alcoholism! ‘reperfusion. hypothermic
cardioplegic arrest and heparin-
protamine ineractions
Clinical manifestation ‘Tachypnea. tachycardia and respisatory alkalosis (1224 Breathing problems, weakness,
‘hours after onsef): respiratory failure (48 hours) ‘anorexia, fever and hypoventilation
Diagnosis Chest radiographs: diffuse intersitalinfltates to diffuse,  Same
fuffy. alveolar opacities (acute phase) and reticular
‘opacities (fibroproliferative stage): chest computed
tomography: bilateral alveolar opacitis (acute phase) and.
bilateral reficular opacities,reduced Iung volumes and.
occasionally large bullae (fbroproliferative stage)®!
‘Differential diagnosis Cardiogenic pulmonary edema Postoperative atelectasis
Management Etiological therapy, ventilatory support, pharmacologic  Same
treatment, extracorporeal membrane oxygenation
support, long-tenm supportive care and tracheostomy
Subsequent multple organ failure (%) 53.4-800237 6320169
Mortality (%) 679 50-91.68

CPB=cardiopulmonary bypass
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‘Table 4. Postoperative complications of patients who underwent cardiac surgery.

“All Patients (n=918)

Readmission to the infensive care uait from the ward 7 (E0)
Prolonged intensive care length of stay (> 14 days) 9711
Bleeding requiting surgical reintervention 2729)
New atrial fibrillation 8604
Postoperative reintubation (within the first 7 days) 9 (8.6)
Mechanical ventilation > 24 hours 135(17)
Mediastinitis 3063
‘Type I neurological injury. 246)
30-day mortality 96(10)
KDIGO Stage 0 15028
KDIGO Stage 1 4614
KDIGO Stage 2 1067
KDIGO Stage 3 2564

'OI- percentile 25, Q3 - percentile 75, N - mmber of mdnviduals
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Table 2. ESC Guidelines — Recommendations for cardiac
resynchronizatin therapy directly or upgrade from a conventional
pacing system in patients with heart failure and formal indication
for cardiac pacing therapy.

‘Recommendation Class  Levelof
evidence
T Uperade of conventional PM or T B

1D
CRT is indicated in HF patients with
LVEF <35% and a demand for high
percentage of ventricular pacing who
persist in the NYHA functional class
T or IV even with optimized medical
treatment

2 CRT ina direct way a B
CRT should be considered in

patientis with HF, depressed LVEF

and a demand for high percentage

of ventricular pacing under risk of

worsening od HF symptoms

PM=pacemaker; ICD=mplantable cardioverter defibrillator:
CRI=cardiac resynchronization therapy; HF=heartfailure; LVEF=lgft
ventricular gjection graction; NYHA=New York Heart Association.
Brignole M, Auricchio 4, Baron-Esquivias G, Bordachar P, Boriani
G, Breithardt O4, et al.t”)
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‘Table 5. Demographic data of patients who underwent cardiac surgery based on the KDIGO criteria.

KDIGO 0 KDIGO 1 KDIGO 2 KDIGO 3
N=527 N-318 N-27 N-46
Median Q1-Q3) Median (Q1-Q3) Median (Q1-Q3) Median(Q1-Q3)  P-value
orN (%) orN (%) orN (%) orN (%)
Coronary artery bypass grafiing 319(61) 190 (60) 669 A6 [z
Cardiac valve surgery 208 (39) 128 (40) 111 238
Multiple CVS 81015) 60 (19) 509) 10(2) 0533
CVS during active IE. 21(40) 2028) 167) 7(15) 0,006
Age (vears) 60(51-67) 63(55-59) 64 (58-70) 66(56-73) <0001
Male gender 250 (47) 185 (58) 1348 29 (63) 0000
‘Weight (kg) 70 (61-79) 71(62-80) 70 (65 -82) 69 (57-83) 0444
Height (o) 162(155-169) 164(157-170) 162(152-168)  166(1.60~172) 0040
‘Body mass index (kg/m) 26(24-30) 27(24-29) 2804-3) 25(22-29) 0150
Diabetes Mellitus 1274 103 32) 963) 90) 0032
LVSD (moderatesevere) 11322) 71(2) 6Q22) 8(17) 0890
Tntra-aortc balloon pump. 18G4) 19(6.0) 3011 3(65) 0.081
‘Preoperative SCr (mg/dL) 140(120-160)  150(130-180)  140(120-140)  165(140-210) <0001
‘Preoperative eGFR (mL/min) 51(42-63) 47(38-58) 53(45-65) 3028-52) <0001
Reoperation 63 (12) 52(16) 519) 14(30) 0004
Additive EuroSCORE 42-3) 4Q-6) 5@-7) 7@4-9) <0001
Lowrisk (< 3) 187(35) 11536) 3G0) 238
Intermediate risk (3 to 5) 218 (41) 126 (40) 8G0) 18(39) 019
High risk (5) 122023) 77 (24) 11@1) 6(13)
cPB 422 (30) 203 (92) 25(93) 41(89) <0001
Total CPB time (min) 90(76- 100) 100 (84- 116) 100 (76 - 122) 110 (90 - 145) <0001
<90 min 190 36) 106 33) 12#) 16(35)
90-120 min 170(32) 109 34) 963) 18(39) 0658
> 120 min 74(14) 61(19) 4(15) 8(17)
Total ICU length of stay 20-4) 3Q-9) 4Q-1) 8G-19) <0001
‘Mechanical venilation > 24 hours 3363) 60 (19) 11@1) 31(67) <0001

CVS- cardiac valve surgery; IE - nfective endocarditis; LVSD - leftventricular systolic dysfinction; SCr ~serum creatinine; eGFR - estimated
glomenlar filtration rate; CPB - cardiopulmonary bypass; ICU - intensive care unit
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‘Table 1. Studies on the stimulation of the right ventricle associated with outcomes.

Autior  Typeof  Opemtion  Followup  Patemsimstudy o LVEF Results
study Mode

Abertsen  RCT DDDXAAT T¥ear SND. 50 =60% Reduction of LVEF in

(2008) ‘group DDD

Pastore  Cohort DDD 1Year Subgroups 153 Sub-groups Apical RV pacing induces

(2008) according to LV dyssynchrony depending

IVEF on basal LVEF

Nablawi  Cohort DDD 1Week  Preserved LVEF 12 Mean665% RV pacing resultsin

(2004) ‘worsening of LVEF

Vemooy  Cohort DDD Mean7years  Ablationofthe 45 - Prolonged RV pacing

(2006) His bundle induces ventricular
remodeling and reduction
Of LVEF

Schmidt  RCT DDDXAAT - Subgroups 33 >3%%or RV pacing prolongs QRS

(2007) according to <35% independent of LVEF.

IVEF Dyssynchrony related with

LVEF <35%

Tops Cohort - 6Months  Ablation ofthe 58 - 57% of those with RV

(2007) His bundle pacing presented LV
dyssynchrony; reduction
Of LVEF and worsening of
fonctional class

Andersen RCT AARVVT 8 Years SND 25 - AATmode with

(1997) improvement in survival
(RRR 34%), lower
incidence of AF (RRR 46%)
and thromboembolic events
(RRR53%)

Nielsen RCT  AARSDDDR-1 3 Years SND 177 - AATmode with lower

(2003) and DDDR-S incidence of AF (74%x
175% in DDDR-1 MODE.
X 233% in DDDR-s mode)

Lamas RCT  VVIRSDDDR 33 Months SND 2010 - DDDR Mode with lower

(2002) incidence of AF (HR
0.79) and reduction of
HF symptoms, with no
difference in mortality due.
toCvA

Wilkoff RCT  VVIDDDR  I8Months  Indicationof 506 - VVI mode with more

(2002) o) hospitalization for HE, and
death (HR 1.61)

Olshansky VVIDDD 1Year Indicationof 988 - DDD Mode with less events

(2007) RCT Iysteresis o) (RRR 33%)

Tops VDD 1Yer  AVandablaton 55 Mean46%  49%developed

(2006) Cohort od the AV node dyssynchrony of the LV

RCT=randomized cliical rial; SND=sinus node isease; LVEF=lgft veniricular ejection faction; RV=rightventricle; LV=lgftventricle; RRR=relative
risk reduction; AF=atral fbrillaion; HF =heart faiture; CVA=cerebral vascular accident-stroke; ICD=implantable cardioverter defibrillator
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‘Table 2. Baseline characteristics of patients who underwent cardiac surgery.

“All Patients (n=918)
Median (Q1 = Q3) or N (%)

Type of surgery
‘Coronary artery bypass grafting 549 (60)
Cardiac valve surgery 360 (40)
Multiple cardiac valve surgery 156 42)
Cardiac valve surgery during active infective endocarditis 38 (10)
Age (years) 61(52-68)
Male gender 477 (52)
Weight (kg) 70 (61 -80)
Height (m) 163 (156-170)
Body mass index (kg/nn’) 26(23-29)
Diabetes Mellitus 24307)
Left Ventricular Systotic Dysfunction (moderate/severe) 203 22)
Tntra-aortic balloon pump 808
Reoperation 134(15)
Additive EuroScore 42-6
Low risk (< 3) 2437)
Tntermediate risk (3 to 5) 402 (44)
High risk (5) 268 29)
Cardiopulmonary bypass 781 (85)
Total cardiopulmonary bypass time (min) 94(79- 114)
<90 min 312 (40)
90-120 min 308 (40)
> 120 min| 161 20)
Total number of grafts 3@-3)
Total Intensive Care length of stay 3Q-6

QI= percentile 25; Q3= percentile 75; N= mmber of individuals





OPS/images/a21img05.png
o pr—
A
PN oyl
B s it
40% <40% RV: right ventricle; LVEF: left
i ventricular ejection fraction; CRT:
g b
LVEF_|===>| Normal SND: sinus node discase; AVE:
l atrioventricular block.
Kot e
T i
B

)

“Activate specife algorithms that
seduce R pacing

Akerstron , Avis MA, Pachén M et al. WorldJ Casdiol 20135(11:410-419

Fig. 2 - Proposed flowchart on how to avoid unnecessary
right ventricular pacing in patients with indication for
conventional pacemakers and without indication for cardiac
resynchronization therapy.
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‘Table 3. Renal function of patients who underwent cardiac surgery.

“All Patients (n=918)
Median (Q1-Q3) or N (%)

Preoperative SCr (mg/dL) 140(1.20- 160)
Preoperative eGFR (mL/min) 4939 - 60)
€GFR =90 mLimin 1720)
€GFR 60~ 89 mL/min 23105)
€GFR 30~ 59 mL/min 603 (66)
€GFR =29 mLimin 67(70)

‘Serum creatinine (mg/dL)
Tmmediate postoperative day 130(1.10-160)
1= Postoperative day 150(1.20-190)
2% Postoperative day™ 130(10-180)

AKT in the first 7 days postoperatively 301 (43)
KDIGO Stage 0 527(57)
KDIGO Stage 1 31835
KDIGO Stage 2 27029
KDIGO Stage 3 46(5.0)

RRT in the first 7 days postoperatively 35(38)

01 - percentile 25: 3 - percentile 75; SCr - serum creatinine; eGFR - estimated glomerular filtration rate; RRT

- renal replacement therapy.

*There was no determination of SCr on 2* postoperative day for 34 patients
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‘Table 6. Cox proportional hazard model considering all patients who underwent cardiac surgery for predictors of

30-day mortality
TR (C195%) Prvalue

Age (vears) 103 (101 - 1.05) 0007

Male gender 063 (042-095) 0028

Total cardiopulmonary bypass time (min) 101(101-102) <0001

KDIGO Stage 0 Reference

KDIGO Stage 1 476(255-8.88) <0001

KDIGO Stage 2 1354 (5.77-31.78)

KDIGO Stage 3 2081(10.14-42.69) <0001

HR - Hazard Ratio: CI - confidence interval
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Fig. 2~ Overall survival curves of patients who underwent cardiac
surgery, according to the KDIGO criteria.
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‘Table 1. Coping mechanism scales of the SVE.

Coping mechanism Response

‘Play down Teell myself, T 1s ot that bad
‘Compare with others Ttell myself, “Others coulda't take it the way T do™
Guilt defence Ttell myself, “T am not to blame”
Distraction from situation Ttry to concentrate on something else
Substitutional satisfaction Ttreat myself by buying something nice
Ego boost Tthink about my success in other situations
Situational control Tmake a plan how to solve the problem
Reaction control Ttry to keep my behaviour under control
Posiive self-instruction Ttell myself not to give up

Need for social support Ttry to talk to someone about the problem
Avoidance Tstart to avoid this kind of situation
Flight tendency Tonly want to get out of this

Social retreat Tprefer to be by myself

‘Rumination Tthink about it over and over
Resignation Ttend to give up

Self-pity Task myself “why me?”

Self -accusation Ttell myself, “After all it's my fault”™
Aggression Tget enraged.

Self-medication use of drugs Tl have a few beers, glass of wine.
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ISU0G Intemational Society of Ultrasound in Obstetrics &
Gynecology

sTIC ‘Spatio-temporal image corrlation
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‘Table 1. Subgroups in hospital mortality.
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‘Functional Starus (NYHA)
1 Mand I 647 0433
v 1923
Number of prior interventions
First surgery 845 100
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283 00036
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Table 2. Late mortality causes.

Related Deaths

Tnfective endocarditis
Stroke.
Unclarified

‘Non-Related Deaths.

‘Pulmonary infection
Cardiac failure

Urinary infection
Abdominal sepsis

Acute abdominal obstruction
Pulmonary cancer

Trauma

Total
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‘Table 3. Linearized event rates (late outcome).

Event % Patients/Year
Reintervention 068
Death 1065
‘Endocarditis 091

Structural dysfunction 0.075
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Abbreviations, acronyms & symbols

BMMC ‘Bone marrow monomuclear cells
DCM Dilated cardiomyopaty

LVEF Left ventricular ejection fraction
MLEF Minnesota Living with Heart Failire
MR Magnetic resonance cardiac imaging
NIDCM ‘Non-ischemic dilated cardiomyopathy
NYEA ‘New York Heart Association

PO Post-operatively
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Table 5. Minnesota Living with Heart Failure Questionnaire, New York Heart Association Functional Class and
6-Minutes-Walk Test resuls.

Parameter BMMC group ‘Control group P
@=15 @9

Mimesota LHFQ

Baseline 69.00:2071 488721632 Ns

3 months 431322792 54372371 NS

Change from baseline 2587 +5.50

P value comparing to baseline. 0005 057

6 months. 489222426 402822359 NS

Change from baseline 2008 858

P value comparing to baseline 0018 031

12 months. 370822115 417122746 NS

Change from baseline 3192 716

P value comparing to baseline. 0001 048

6-minutes-walk test

Baseline 34800203 51 3612520078 Ns

3 months 3386611648 3362511438 NS

Change from baseline 034 -25

P value comparing to baseline 073 044

6 months 3553526777 3650012645 NS

Change from baseline 735 375

P value comparing to baseline. 081 098

12 months. 3704120156 33000123 42 NS

Change from baseline 041 3125

P value comparing to baseline 066 039

NYHA

Baseline 340:050 3372051 Ns

3 months 260-082 300075 NS

Change from baseline 08 -037

Pvalue comparing to baseline. 0005 019

6 months 250075 257:078 NS

Change from baseline 09 08

Pvalue comparing to baseline. 0005 004

12 months 241079 2712095 NS

Change from baseline 099 -066

P value comparing to baseline 0002 017
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Fig. 1~ Housing wall of children with congenital cardiopathies in
Sdo Luis (2011 and 1#semester 2012)
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‘Table 4. Left ventricular volumes and function as assessed by echocardiography (ECO).

Parameter BMMC group ‘Control group P
@=15 @9

jection Fraction. %

Baseline 25.002398 2610449 Ns

3 months 28112722 265252471 NS

Change from baseline 30 0425

P value comparing to baseline: 006 0628

6 months 30942016 2851698 NS

Change from baseline: 585 241

P value comparing to baseline 0o 0250

12 months. 3007725 30232730 NS

Change from baseline 498 413

P value comparing to baseline: 001 0100

End-diastolic diameter, mm

Baseline 60.80=441 693755781 Ns

3 months 68332638 68622830 NS

Change from baseline 147 075

P value comparing to baseline 018 0170

6 months 6828648 69.8520.66 NS

Change from baseline 152 0479

P value comparing to baseline: 07 098

12 months 68,6735 6328347 NS

Change from baseline 114 109

P value comparing to baseline 049 0612

End-systolic diameter. mm

Baseline 61462465 60755786 Ns

3 months 60332764 60.00:328 NS

Change from baseline 113 075

P value comparing to baseline: 047 028

6 months 58142812 60422098 NS

Change from baseline 33 033

P value comparing to baseline: 008 063

12 months. 58832850 5842:0.10 NS

Change from baseline 263 233

P value comparing to baseline: 017 042
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Table 1. Baseline patients characteristics.

BMMC growp _ Control group
(@=20) (a-10)
Male 13 (65%) 5 (50%)
Age 483871 516(7.79)
NYHA class 3505) 335(048)
Minnesota QOL score. 662(2246) 50.6(14.84)
(Minnesota)
Six minute walk test (min)  358.5 (88.69) 353 (86.67)
LVEF by ECHO (%) 2175 (41.19) 2476 (4.64)
Final diastolic diameter. T34(818) 703074
ECHO (mm)
LVEF by MRI (%) 2780:6.86 28.00=432
N° of injected cells 106x 10° none
Data expressed as mean (% or SD);

LVEF by ECHO=leftventricular gjection fraction by echocandiogranm;
MRI=nuclear magnetic resonance imaging; QOL=quality of life by
Minnesota Living with Heart Failure Questionnaire. There were
no statistically significant differences between baseline groups

characteristics
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‘Table 3. Left ventricular volumes and function as assessed by Magnetic Resonance Imaging (MRI).

Parameter BMMC group ‘Control group P
@=15 @)

Ejection Fraction. %

Baseline 2780:686 28.00-432 Ns

3 months 30.13:006 27422741 NS

Change from baseline 233 058

Pvalue comparing to baseline 008 079

9 months 23.78:097 2057450 NS

Change from baseline 098 +157

Pvalue comparing to baseline 077 046

‘End-diastolic volume, mL

Baseline 2727326341 250.85267.00 Ns

3 months 2648657224 22242:9619 NS

Change from baseline 787 2843

Pvalue comparing to baseline 041 032

9 months 2586428207 2588557555 NS

Change from baseline 1409 +8.00

Pvalue comparing to baseline 054 071

‘End-systolic volume, mL

Baseline 2004026150 182.00=55.70 Ns

3 months 19593278 49 161.67=67.83 NS

Change from baseline 447 -2043

Pvalue comparing to baseline 066 018

9 months 1900082 18 1841425855 NS

Change from baseline 1040 214

P value comparing to baseline 073 091
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Table 2. Surgical results.

Surgery Mean=DP___ Max value
Thoracotonty procedure (i) Ezy=n 0
Post-operative, %

Length of ICU Stay (days) 18613 6

Length of hospital stay (days) 45020 9
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ATG Analysis and/or interpretation of data; mamuseript drafing
and review of itscontent
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Fig. 2- 4) Three-dimensional-by-volume image rotation avoiding the overlap of the osteosynihesis upon the tomographic point marks.
The angles used for C-arm repositioning were automatically yielded by the software (right inferior comer). B) Digital subiraction
angiography affer the angular correction of the radioscopic device, with minimun effect of image superposition, allowing the
preview of the thrombosed arterial segment. C) Final outcome after arterial recanalization and the covered-stent mplant.
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Fig. I - 4) Iniraoperatory image of digital subiraction angiography, which displays an overlapping caused by the orthopedic
metallic rod over the arterial hrombosed segment. B) Study of the tomographic axial view, where marks with the OsiriX's point
tool were performed, over the estimated irajectory of the lft subclavian artery. C) Three-dimensional-b,
under virtual

olume reconstruction
uoroscopy, after marking with points. It was possible fo identify, in fact, the overlapping of the siructures and the
need of the C-arm angular repositioning intracperatively
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Table 1. Distribution of trash destination of children with congenital
cardiopathies in Sdo Luis

Trash destination Quantity %
Septic Tank 3 2%
Cesspit 2 210%
Sewer 23 2421%
Open Sky o 947%
Total 98 1000
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Fig. 2 - Per capita income of the families of the children with
congenital cardiopathies in Séo Luis (2011 and first semester 2012).
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Fig. 3 - Welfure situation of children with congenital cardiopathies
hospitalized at HUUFMA in Séo Luis (2011 and first semester 2012).
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Tabela 1. Especificagdes do PubMed Central para imagens e
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Chart 1. Acute and chronic effects associated with conventional right
‘ventricle apical pacing.

Myocardial Variations in regional blood flow

‘metabolismiperfusion  Variations in regional demand for oxygen

Remodeling Asymmetric myocardial hypertrophy
Histopathological changes (jon channels)
‘Ventricular dilation

‘Hemodynamics Reduction of cardiac output
Tncreased filling pressures

Electrical Slowing of intrinsic electrical activation

Artificial left bundle branch block

Mechanical Changes of regional contraction (strain)






