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    Adib Domingos Jatene (1929-2014)

  

   

  Adib Domingos Jatene (1929-2014)

   

   

  Domingo M. Braile

  Editor-in-Chief/BJCVS

   

   

  Professor Adib Domingos Jatene, indelible mark of pioneering spirit, honesty, wisdom and accurate surgical technique, left this life on the 14th of November.

   It saddened the entire Brazilian nation, impoverished without his striking and distinguished presence, always dedicated to healing the heart of ill patients and Brazil's flaws.

  It especially dismayed cardiovascular surgeons, who have him as a paradigm and exemplary teacher. He was Chairman of the Department of Cardiovascular Surgery; Founding member and President of the Brazilian Society of Cardiovascular Surgery (BSCVS); one of the founders and first Chief Editor of the Brazilian Journal of Cardiovascular Surgery (BJCVS) back in 1982, implementing the journal inception in 1986. Certainly, as Socrates, Professor Jatene is not dead! He will live on his mission of great physician, dedicated teacher, inventor, class leader, competent administrator in higher academic and government positions, and exemplary citizen.

  The legacy left by the thousands of disciples who he formed, and friends who had the privilege to live with him over the 85 years of his fruitful existence is eternal, therefore, his lessons will continue to be propagated throughout the ages in a chain of ideas and dignified conduct of the great leaders of national and international opinion.

  Read more about life and the role of Dr. Adib Jatene in Brazilian cardiovascular surgery from page 473.

  Dr. Raul Rabelo

  Also, Dr. Raul Corrêa Rabelo, from Belo Horizonte, MG, left us on November 12, after 68 years. He was one of the most outstanding figures in the history of Brazilian cardiovascular surgery, leaving a great legacy and an example of dignity and perseverance to all those who had the privilege to live with him. He was an active member of the Board of the Brazilian Society of Cardiovascular Surgery in managements 1990-1992 and 1992-1994.

  BJCVS in English

  In a landmark decision, the members of the Brazilian Society of Cardiovascular Surgery (BSCVS) approved at a meeting held during the Brazilian Cardiology Congress in Brasília, that from 2015 the Brazilian Journal of Cardiovascular Surgery (BJCVS) will be published exclusively in English, the lingua franca of science in modern times.

  This is an important step not only for the consolidation of our journal on the international scenario, but also an incentive so that cardiac surgeons and allied professionals who submit manuscripts to BJCVS can improve themselves in the English language. I thank colleagues and Board of BSCVS for their efforts to make this change a reality.

  This new dynamic will also accelerate availability on the Scielo and other databases, giving greater visibility and enabling the latest articles can be read and certainly cited with positive impact on Impact Factor, a fact crucial to the evolution of our publication in the concert of nations. As a matter of workflow, Scielo makes available its edition in both languages together. As the Portuguese version was ready before, due to the print edition, there was a great period of time until the two versions were available.

  Although on its website (www.rbccv.org.br) this problem does not occur, the SciELO is responsible for distributing the files to the PubMed and this delay just makes the articles were accessible on that database only months after completion, an incompatible situation with the necessary agility in these days of instant communication.

  Regarding manuscripts, for those already sent in Portuguese, following approval for publication, the author will be asked to send the English version. If not, the version will be made by the translators team of BJCVS, with the costs being borne by the authors, as already stated in Rules for Authors. So that the process can be streamlined and the publication occurs in less time, it is essential that the manuscripts are submitted in English, with quality compatible with international levels of scientific language.

  We have some important points to consider: a- Essentially, all journals in our area, even in Germany, France, Italy, Japan, China, India, Turkey etc. are published in English, so that we cannot stay out of the competition, with articles in English of poor quality.

  b- BJCVS is one of the few Open Access journals which does not charge the authors the high sums charged by counterparts to publish the articles, so the collaboration of colleagues to invest in a good standard of translation will guarantee the success of the BJCVS and the researchers themselves.

  The Editorial Board will keep in its staff reliable translators for checking the quality of language. If necessary, the translation will be rejected and the study will not be published, while not in accordance with established standards.

  We count on understanding of all, so that the future of BJCVS is of full rise for the conquest of most readers, to publicize their studies in their quotations so that we do not have the frustration we had the last evaluation at Thomson Reuters on which our Impact Factor  fell by 35%.

  c- We hope these measures grow back above the levels we've ever had.

  The Editorial Board of BJCVS is available to answer any questions by any means available.

  It is not our wish harm colleagues, but offer them the opportunity to count on a disclosure body in the level of greatness of our Brazilian Society of Cardiac Surgery.

  Bimonthly

  Another novelty is that the BJCVS will change from quarterly to bimonthly (one edition every two months), a change that aims to streamline the flow of articles.

  Since today our journal has a large number of submissions, some manuscripts, as approved, have long waiting time to be published.

  To minimize this problem, preventing damage to the authors and the journal itself, it was adopted, as in a large number of competitors, the online publication "Ahead of Print", providing the study on our site (http://www.rbccv.org.br/publication-proofs) already with the attribution of the DOI that allows proof of article precedence, as well as its quotation.

  Even so, our interest has always been to publish as many studies as possible, as quickly as possible.

  Unfortunately, space limitations and the high costs of print publishing (printing, postage) prevent this expansion occurs, maintaining the current number of issues per year. To get a faster flow, it is important for authors and reviewers comply strictly with the time limits.

  Small but important

  The article "Uprising: Less prestigious journals publishing greater share of high-impact papers", by John Bohannon[1], published in the Newsletter of Science in October, brought up a subject little discussed, but very important: less known publications have been responsible for the publication of articles of great impact.

  Bohannon cites a study from Google Scholar ("Rise of the Rest: The Growing Impact of Non-Elite Journals"[2]), which shows that in 1995 only 27% of the citations were from articles published in journals outside the "elite" (the ten most cited journals). In 2013, this proportion rose to 47%! Although experts pointed to a few restrictions on the study of Google Scholar, as not differentiate the types of articles, as well as factors such as the growing number of journals and open access repositories, there is no denying that these figures show a trend change, which needs be observed.

  These facts make us very hopeful. Since I took over as Editor-in-Chief of BJCVS in 2002, I have emphasized the importance of expanding the journal's horizons. Publishing in English and with the trend towards decentralization of the international flow of articles, we can attract more and better studies, which will give the necessary scientific visibility to our journal.

  PubMed Central

  BJCVS overcame another step in the admission process to PubMed Central. We were approved in the technical evaluation and we are looking forward now for the analysis of documents and the banner we sent so that we can finally be accepted in this important database. There is no deadline for the publication of the results, we hope to give soon more good news for our readers.

  CNPq 

  As we have done every year, we ask the CNPq the grant of Editorial Support for 2015. In 2014, after several years without the capital, we received R$30.000,00, an amount below the journal's needs, but important to cover some costs. I hope we are again among the journals chosen, and that the amount may be greater.

  CME

  The following items are available for testing of Continuing Medical Education (CME) in this issue: "Risk factors of atheromatous aorta in cardiovascular surgery" (p. 487), "Very short cycles of postconditioning have no protective effect against reperfusion injury. Experimental study in rats" (p. 521), "Carotid endarterectomy in awake patients: safety, tolerability and results" (p. 574) and "Therapeutic options to minimize allogeneic blood transfusions and their adverse effects in cardiac surgery: A systematic review" (p. 606). I remember the CME, in addition to be a useful tool to test and update knowledge, worth 0.5 linear in Proof of Title of BSCVS, if the reader has answered all the questions of tests available from volumes 28.4 to 29.3.

  2015

  I conclude this editorial thanking the sponsors, who believe in the journal's quality, the  authors, reviewers, the Editorial Board and BSCVS, which through its members and Directors has always supported us over the years. To all, Merry Christmas and a great 2015!

  My warmest regards!
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      BJCVS
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  Professor Adib Domingos Jatene, indelible mark of pioneering spirit, honesty, wisdom and accurate surgical technique, left this life on the 14th of November.

  It saddened the entire Brazilian nation, impoverished without his striking and distinguished presence, always dedicated to healing the heart of ill patients and Brazil's flaws.

  Certainly, as Socrates, Professor Jatene is not dead!

  He will live on his mission of great physician, dedicated teacher, inventor, class leader, competent administrator in higher academic and government positions and an exemplary citizen.

  The legacy left by the thousands of disciples who he formed, and friends who had the privilege to live with him over the 85 years of his fruitful existence is eternal, therefore, his lessons will continue to be propagated throughout the ages in a chain of ideas and dignified conduct of the great leaders of national and international opinion.

  It should serve as an example the trajectory of this person whose motto was be helpful to others, without that it may cost him any effort, therefore, it was of his nature the desire to serve the nation, to the best of his great director capacity.

  Born in the wilds of the Amazon, in the state of Acre, in Xapuri, still today a frontier of civilization in the pristine forest breast.
    Founded in 1902 by Brazilian it was the focus of the revolution of which resulted in the incorporation of this Bolivian territory to Brazil.

  Adib was the son of Lebanese immigrants who in search of Eldorado, braved the unknown in the early twentieth century, going to live in the jungle.

  His father, Domingos Jatene, was rubber trader, the white gold (Latex) extracted from native rubber trees.

  
    [image: Professor Adib Jatene personally operated more than 20,000 patients]

  

  In one of his forays into thick woods, he returned with high fever and jaundice.

  In a few days he died! At that time Adib was two years old.

  He lived there until he was 10, when his mother, with the other children, moved to the State of Minas Gerais, in the city of Uberlândia, where civilization was already present.

  This experience had a great influence on the young man's character, marking his desire to help the needy.

  In 1947 with the desire to study engineering or medicine he moved to Sao Paulo, the State Capital.

  In 1948 he enters the School of Medicine, University of São Paulo, which traced his career and destiny. It was his wish to specialize in Public Health and return to his hometown in Acre.

  In 1951 on the medical fourth year he starts working on the group of Professor Euríclides de Jesus Zerbini, a pioneer of global heart surgery. At that time he acts as scrub in the first open surgery to correct Mitral Stenosis, held by Professor Zerbini at the Hospital of the FMUSP.

  He enchants by the Cardiac Surgery, abandons the idea to specialize in public health and returns to the Acre!

  He graduated physician in 1953 at age 23. He performs specialization under Zerbini advice in 1954.

  He marries Aurice Biscegli Jatene.
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  He moves to Uberaba in 1955 as Professor of Topographic Anatomy and cardiothoracic surgeon.

  Endowed with great skill, he attends a machine shop, impressed with his "masters" by the ease they manufactured products for surgery using the right tools.

  Thus, he developed a heart lung machine and a disc oxygenator, which was he performed experimental heart surgery in dogs and was ahead of his time!

  In 1957 Professor Zerbini, sensing the potential of Jatene invites him to return to the Hospital of the FMUSP. At this time, as his assistant.

  The atmosphere was effervescent in the 1st Surgical Clinic, whose professor was the flagship Professor Alípio Correa Netto, humble in his greatness, immune to jealousy, he was creator of a large number of specialties, which began their differentiation in those years.

  He was admired by his assistants, among them Professor E.J.Zerbini and Professor Adib Jatene, their substitutes in the evolution of their brilliant careers.

  With the full support of this eminent professor; Zerbini, with great civic spirit and own ideas about inventions and innovations, encouraged his assistants to create equipment for heart surgery, here in Brazil.

  With this vision was created at the Hospital of the University of São Paulo, one workshop to begin this journey into the future.

  It received the pompous name of "Artificial Heart Workshop"

  Showing his penchant for equipment construction, Professor Adib showed all his ability developing improved CPB machines, oxygenators, heat exchangers, thermometers etc. meeting the needs not only in Brazil but also in South America nations. Some models were shipped to Europe, with great acceptance.

  Professor Adib Jatene was fundamental in the evolution of Cardiac Surgery group at Clinics Hospital between 1957 and 1961, when he moved to the incipient "Cardiology Institute of the State of São Paulo", a government institution headed by a cardiologist also ahead of his time: Professor Dante Pazzanese, a pioneer in many fields of specialty.

  With much justice today the Institute takes his name.

  In the new house, Jatene developed his creativity and competence as expert surgeon, trainer of brilliant disciples and creator of many important inputs for the development of Cardiac Surgery, advancing by leaps and bounds to its consolidation.

  At this time of great challenges Jatene already created in 1962 another workshop to manufacture equipments: Experimental Workshop, precursor of Adib Jatene Foundation (1984).

  Just as an example we mention some of the achievements of this institution: Artificial Heart Valves, Starr Edwards type, just two years after the original be developed. It was used for many years, with even better performance than the imported equipment; defibrillators; pacemaker, which allowed us to advance in this field without any lags behind the developed countries. CPB machines, with important technological additions in relation to the primitive; concentric, stainless steel and compact Bubble oxygenators.

  With advent of the hollow membranes, the workshop developed the first Brazilian membrane oxygenator, marketed worldwide by a national company.

  Other equipment were adding to these, some more simple as aspirators of various types and models, as well as surgical instruments not marketed in the country.

  It developed a tilting disc valve which resulted in an international patent. Since the dawn Professor Jatene invested in the research of implantable artificial mechanical hearts, an idea that never left, until the last days of his life when he worked (always accompanied by the best technicians and engineers) in developing another model incorporating appreciable technical advances.

  The latest models were implanted in calves, showing adequate performance.It may seem to be an exaggeration to emphasize these qualities of a surgeon with the carat of Professor Jatene, but this made all the difference for the development of cardiac surgery in Brazil, now 200 centers and 100 thousand surgeries per year, covering from north to south and from east to west throughout the country. It was not what happened in most developing countries, which preferred to import the equipment. This made all the difference representing the embryo of the Brazilian industry in the cardiovascular area, which besides supplying the domestic market, exports to many countries, creating quality jobs.

  The connection of Professor Adib with the University never ceased to exist. In 1983, with the retirement of his master, Professor Zerbini, Jatene wins memorable contest and becomes professor of cardiovascular surgery at the venerable educational institution, now fitted in a modern unit, INCOR, with more than 600 beds and the latest equipment, exclusively dedicated to teaching, research and medical and surgical treatment of cardiac patients.

  Jatene always stood out in this new challenge, implementing his way to work for results. He was Director of the Medical School from 1990 to 1994, the position of high relevance for a teacher with many merits.
    He retired from INCOR and USP in 1999 as Emeritus Professor, after having been dedicated to his alma mater for 16 years!
    Jatene's retirement meant little in relation to his surgical activity.
    Besides all the activities in public governmental organizations, Professor Adib at the invitation of the Syrian Sanatorium Association takes over in 1986 as its Director.

  Today HCor is a large complex Hospital, with special focus of activity in Cardiac Surgery. Jatene continued his activities as a surgeon in this hospital, non-profit, which allowed him to continue in full activity by 2014, along with their children who, like him, are also Cardiac Surgeons: Fábio Jatene, Professor, University of São Paulo (INCOR), Marcelo Jatene, Associate Professor, responsible for Children's Heart Surgery also at the University of São Paulo (INCOR) and his daughter Ieda Jatene, Pediatric Cardiologist. In his fruitful existence Professor Jatene personally operated more than 20,000 patients and under his leadership the teams who led operated more than 100,000 heart diseases.
    He is the author and co-author of about 800 scientific studies published in national and international literature
    In surgical field Jatene had impactful contributions:
    In 1962 implanted the first aortic valve manufactured in Brazil.

  In 1970 he performed the first coronary artery bypass grafting, having had a conspicuous contribution in this field.
    On May 8, 1975 Jatene surprised the scientific world for having operated the first patient with a new technique he described as Anatomic correction of transposition of the great arteries: it became known as "Jatene's operation".
    This pioneering technique was responsible for the advent of a new subspecialty: The Heart Surgery of Neonates, with all framework of its complexity during surgery and after surgery, providing further development of Surgical Intensive Care Units specialized in neonates.
    The subspecialty crystallized new specialists: Cardiac surgeons and Infant Neonatologists with specific training in the area.
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  Today, thousands of patients benefit from this operation and these achievements, which returns the cardiac anatomy to critically ill newborns. In 1984 he received the prestigious title of "Honorary Member of the American Association for Thoracic Surgery". In 1985 he was "Honorary Guest" of the American Association for Thoracic
    Surgery. On this occasion he presented the study on reconstruction of the left ventricle in patients with ventricular aneurysm.
    This technique was innovative in this field, and the concept of ventricular reconstruction for the treatment of aneurysms and heart failure.

   

  ASSOCIATIVE ACTIVITY

  1981 Chairman of the Department of Cardiovascular Surgery of the Brazilian Society of Cardiology

  1984 Founder and first President of the Brazilian Society of Cardiovascular Surgery

  1985 President of the Brazilian Society of Cardiology.

  1986 President of the International Society for Cardiovascular Surgery

  1986 First Editor of the Brazilian Journal of Cardiovascular Surgery.

   

  AWARDS AND COMMENDATIONS

  1989 Titular Member of the National Academy of Medicine.

  1998 "Honorary Fellow" of the American Surgical Association.

  2002 "Honorary Felloswship" of the European Association for CardioThoracic Surgery.

  2003 "Golden Hippocrates International Prize for Excellency in Medicine" at Horev Medical Center (Haifa-Israel).

  2003 Award "Talal El Zein" by the Mediterranean Association of Cardiology and Cardiac Surgery.

  2006 Award "Fundação Conrado Wessel de Medicina 2005".

  2007 "Seven Wise Men of the World in Cardiovascular Surgery".

  2008 Knowledge Medal Award, Category Managers/Researchers by the Ministry of Development, Industry and Foreign Trade.

  2011 "Bakulev Award for Cardiovascular Surgery" (Moscow).

  2012 "Commendation Sérgio Arouca" for the ethical performance and social commitment to Medicine.

  Member of 32 scientific societies in many parts of the world. He received 178 Titles and Honors of various countries, of which we cite only the most important.

   

  PUBLISHED BOOKS:

  -Cardiomioplastia Dinâmica no Brasil. São Paulo Ed. Atheneu, 1999

  -Medicina, Saúde e Sociedade Ed. Atheneu, 2005

  -Cartas a um Jovem Médico Elsevier, Ed. Campus, 2007

  -40 Anos de Medicina O que mudou? Ed. Saberes, 2011

   

  PUBLIC LIFE

  Believing in the scope of Public Health, even apolitical, he assumed government positions.

  1979-1982 State Secretary of Health of São Paulo in the Government of Paulo Maluf.

  Designed to 490 health centers and 40 Hospitals for the Greater São Paulo.

  1992 Minister of Health in the management of Fernando Collor.

  1996-1998 Minister of Health in the management of Fernando Henrique Cardoso.

   

  PERSONAL ACTIVITIES

  When young, Adib was a good sportsman, during college he was much in demand for the competitions of the famous Mac-Med, a dispute, now centennial, between the Mackenzie and Medicine Course of USP. He excelled in many sports, especially in rowing in competitions in Rio Tietê. He continued throughout his life to work out. He also had artistic sensibility, and especially fond of Modern Art Week artists, such as Di Cavalcanti, Alfredo Volpi and Tarsila do Amaral, among many others that adorned his well selected collection. By its Amazonian origin, he took a great love for the land, he immensely enjoyed his own farms, dedicating to the most diverse cultures.He had greater preference for livestock, being a creator of the first magnitude, quite prized for his Nelore cattle herds, which he was also an interested connoisseur.
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  ADIB JATENE THINKER AND APHORIST

  • "I am against this saying - I don't do because I have no conditions. If you are able to do you create the conditions."

  • "I never discuss problem, there are people who are lost in the discussion of the problem. I just discuss solution."

  • "The secret is to find the way. And research is to find the way."

  • "What kills is not the work, but the rage!"

  • "Envy, vanity and excessive nervousness are bad for the heart."

  • "I never complain. The present is fantastic."

  • "The doctor's role is to alleviate the suffering and distress of the people. In this profession, universal values such as faith, love and solidarity, must be above private interests."

  • "The biggest problem of poor people is they do know only other poor people. There's no one for them!"

  He leaves a copy family:

  His wife Aurice, four children: Fábio, Marcelo, Ieda (doctors) and Iara (architect), husbands and daughters, ten grandchildren and four great-grandchildren. 
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  See powerpoint about the life of Dr. Adib Jatene clicking on this link





  DOI: 10.5935/1678-9741.20140064

  ORIGINAL ARTICLE

  
    Dalva M, Correia AT, Jatene NF, Saldiva PHN, Jatene FB. New contribution to the study of ventricular remodeling and valve rings in dilated cardiomyopathy: anatomical and histological evaluation. Rev Bras Cir Cardiovasc 2014; 29(4):478-86

  

  
    New contribution to the study of ventricular remodeling and valve rings in dilated cardiomyopathy: anatomical and histological evaluation

  

   

  Nova contribuição ao estudo do remodelamento ventricular e dos anéis valvares na cardiomiopatia  dilatada: avaliação anátomo-histopatológica

   

   

  Moise DalvaIV; Aristides Tadeu CorreiaII; Natalia de Freitas JateneI; Paulo Hilário Nascimento SaldivaIII; Fabio Biscegli JateneIV

  IInstituto do Coração da Hospital das Clínicas daFaculdade de Medicina da  Universidade de São Paulo, InCor-HCFMUSP, São Paulo, SP, Brazil

  IISurgical Anatomical Museum of Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo, InCor-HCFMUSP, São Paulo, SP, Brazil

  IIIPathology Department of the Hospital das Clínicas da Faculdade de Medicina  da Universidade de São Paulo, InCor-HCFMUSP, São Paulo, SP, Brazil

  IVMD, PhD. Instituto do Coração da Hospital das Clínicas daFaculdade de Medicina da Universidade de São Paulo, InCor-HCFMUSP, São Paulo, SP, Brazil

   

  
    ABSTRACT

    INTRODUCTION: Idiopathic dilated cardiomyopathy causes great impact but many aspects of its pathophysiology remain unknown. 

    OBJECTIVE: To evaluate anatomical and histological aspects of hearts with idiopathic dilated cardiomyopathy and compare them to a control group, evaluating the behavior of the perimeters of the atrioventricular rings and ventricles and to compare the percentage of collagen and elastic fibers of the atrioventricular rings. 

    METHODS: Thirteen hearts with cardiomyopathy and 13 normal hearts were analysed. They were dissected keeping the ventricular mass and atrioventricular rings, with lamination of segments 20%, 50% and 80% of the distance between the atrioventricular groove and the ventricular apex. The sections were subjected to photo scanning, with measurement of perimeters. The atrioventricular rings were dissected and measured digitally to evaluate their perimeters, later being sent to the pathology laboratory, and stained by hematoxylin-eosin, picrosirius and oxidized resorcin fuccin. 

    RESULTS: Regarding to ventricles, dilation occurs in all segments in the pathological group, and the right atrioventricular ring measurement was higher in idiopathic dilated cardiomyopathy group, with no difference in the left side. With respect to collagen, both sides had lower percentage of fibers in the pathological group. With respect to the elastic fibers, there was no difference between the groups. 

    CONCLUSION: There is a change in ventricular geometry in cardiomyopathy group. The left atrioventricular ring does not dilate, in spite of the fact that in both ventricles there is lowering of collagen.

    Descriptors: Heart. Mitral Valve. Tricuspid Valve. Cardiomyopathy, Dilated.

  

   

   

  INTRODUCTION

  Congestive heart failure (CHF) is the entity causing major impact in terms of morbidity and mortality, and its main cause is dilated cardiomyopathy (DCM), which in its various etiologies, constitute a serious public health problem, with an estimated prevalence of 4-8 cases per 100,000 people per year and an estimated incidence of 36.5 per 100,000 people[1].

  The key pathophysiological aspect of such entities is the severe systolic dysfunction caused by the loss of efficiency of the heart to act as hydraulic pump. Although myocellular component is present in an important way, other mechanisms such as the remodeling and activation of the renin-angiotensin-aldosterone system are factors contributing to the perpetuation of the presentation[1].

  Ventricular remodeling characterized by both right and left morphogeometrical changes, provides vicious cycle of functional deterioration, since the heart loses its original anatomical conformation, which is critical to its efficiency. In this context, the valve insufficiency caused primarily by expansion of the atrioventricular rings is of paramount importance[1], but despite this relevant fact, the rings expansion mechanism is not completely understood[2-4].

  The presence of valvular insufficiency may contribute to increased morbidity in heart valve disease patients[5] or those presenting a DCM of various etiologies[6]. There is a tendency to consider the valve tissues as inert, because of its simple histological structure and sparse cell population, however, this fact seems less reasonable in light of the huge mechanical load imposed on these structures throughout life and the consequent need for maintenance of its tissue integrity at the cost of balance between collagen production and degradation[7].

  Although the presence of myocytes and coronary circulation are capital for the functioning of the heart as a pump, the components of the extracellular matrix (ECM), particularly the collagen fibers of types I and III are recognized as fundamental to the maintenance of the cardiac cycle[8]. Among its many functions, the most important are to provide structural framework for myocytes and vessels as well as provide the body resistance and resilience properties, providing systolic and diastolic tone, helping the heart to maintain its conformation[8-12].

  The breakdown of these fibers may occasionally persist even after removal of the underlying disease in many situations. In patients with disease of the mitral valve with secondary tricuspid insufficiency, there can be no normalization of tricuspid regurgitant flow even with the correction of mitral valve disease[13]. This fact raises controversy in the literature about the real necessity of repair of the tricuspid valve ring when it is secondarily dilated[13], and to what extent the non-standardization of reflux may be associated with irreversible histological changes in atrioventricular rings. This fact is of crucial importance, given the fact that about half of patients with mitral valve disease requiring surgery presents significant tricuspid insufficiency[14]. The authors who advocate not performing repair insist on the fact that the correction of mitral lesion leads to normalization of the afterload of the right ventricle by reducing the pressure of the pulmonary vascular bed[15]. In contrast, those who advocate the realization of repair of the tricuspid ring support the fact that the ring expansion cannot be naturally reversible in advanced cases, despite the total correction of the mitral valve[16,17]. This fact could possibly be due to microscopic structural changes in the atrioventricular rings with occurrence of collagenolysis and replacement of collagen fibers for tissue of other nature, compromising its integrity.

  The anatomical concept that the fibrous skeleton of the heart does not dilate has been refuted[2,3,18], and its enlargement has been proved in cases of severe heart failure due to dilated cardiomyopathy of ischemic (iscDCM) or nonchagasic idiopathic (idDCM) etiologies[2,3]; however, it does not exist in the literature comparative histological study of right and left atrioventricular rings in cases of idDCM in light of this new concept. At the same time, available knowledge about the role played by ECM in terms of control and regulation of this process is still scarce so that there is broad field of research being done in this area. 

  Objective

  The aims of this study are:

  1-Evaluating and comparing the perimeters of the right and left ventricles in different segments and right and left atrioventricular rings in normal hearts and patients with IdDCM.

  2- Comparing the percentage by area of collagen and elastic fibers of the right and left atrioventricular rings between the normal hearts and patients with idDCM.

   

  METHODS

  The design of this study was initially submitted to and approved by the Institutional Research Ethics Committee.

  Material

  Specimens of normal and dilated hearts were studied. Normal hearts came from the Coroner's Service of São Paulo (SVOC-USP), and dilated hearts from the Anatomic Pathology Laboratory of the Heart Institute of the Clinics Hospital, University of São Paulo (InCor-HC USP).

  A total of 26 specimens were grouped as follows:

  Group 1 - (idDCM) Composed of 13 hearts from individuals with idDCM

  Group 2 - (NORMAL) Composed of 13 hearts from individuals without cardiomyopathy and considered normal

  After collection, samples were fixed in formalin, followed by removal of large vessels and the atria, leaving only the atrioventricular rings and ventricular mass.

  After the steps of preparation and assessment of parts, cross-sections of ventricular mass were performed, starting from the atrioventricular groove towards the apex of the heart (DistAV-AP). The cross-sections were performed at a level corresponding to 80% (baseline), 50% (equatorial) and 20% (apical) from this distance, following being photographed with a digital camera (Sony, model Cyber Shot DSC W 200) which was set at a table through a bucky 15 cm distally from the parts. The images were transferred to a computer where measurements were performed with the software Image Tool, (Department of Dental Diagnostic Science of the University of Texas Health Science Center, San Antonio, USA). All parts were photographed next to a rule which served as a reference for measurements.

  After the completion of the photographs, the right and left atrioventricular rings were completely dissected, but were not separated, keeping them together by the central fibrous body. The rings were placed in boxes and sent to the pathology department, following being waxed and laminated, and performed histological sections of 5 micrometers thick and used the following staining methods:

  • Hematoxylin-eosin (HE) - Standard coloring in pathology services, and is used for identification of technical artifacts and histopathological changes that eventually could compromise analysis by other methods.

  • Picrosirius - coloring used to study collagen fibers.

  • Weigert's resorcinol-fuchsin with previous oxidation by oxone (RFO) - coloring used to study elastic fibers

   Quantitative morphometric analysis was performed by means of digital image analysis using system consisting of optical microscope Leyca DMR (Leyca Microsystems Wetzlar Gmb H, Germany) connected to a computer by a video camera.

  Histological sections of the right and left atrioventricular rings were photographed at 15 points randomly selected from an increase of 100 times, and the captured images were analyzed using the software Image Pro Plus version 4.1 (Media Cybernetics - Silver Spring, MD, USA) that quantifies the area occupied by fibers and then quantifies the total area, and then it was possible to calculate the percentage of collagen and elastic fibers of each photographed spot. For each ring was used the percentage average of the fibers of the fifteen points photographed.

  After obtaining the macroscopic data, comparisons of the average ventricular circumference of each segment were performed (apical and basal Equatorial) between idDCM and normal groups and the right and left ventricles as well as comparisons of means of  ventricular perimeter between each segment (Apical, Equatorial and Basal) within each group (idDCM and NORMAL). The perimeters of the right and left atrioventricular rings were also compared.

  Regarding the microscopic data, the average of the percentages comparisons were performed by area of collagen and elastic fibers of the right and left atrioventricular rings between each group ( idDCM and NORMAL).

   Regarding the statistics, descriptive analyzes were performed, presenting means along with the related standard deviations (± SD) and minimum and maximum values. The assumptions of normal distribution in each group and the homogeneity of variances between groups were assessed, respectively, with the Shapiro-Wilk test and the Levene test. The inferential analysis for ventricular perimeter was performed using analysis of variance (ANOVA) for repeated measures to compare the means of each segment between the groups (intergroup factor). The t test was used to evaluate the average perimeters of the right and left atrioventricular rings and the mean percentage of elastic and collagen fibers of the rings. The descriptive and inferential statistical analyzes were performed using SPSS version 13 (SPSS 13.0 for Windows).

   

  RESULTS

  One of the objectives was to assess the perimeters of the right and left ventricles (apical, equatorial and basal segments) for each group ( idDCM and NORMAL), but the point for section of the apical segment (20%) did not include the right ventricular cavity of hearts from idDCM the NORMAL groups and in most cases. Thus, in the right  ventricles of the hearts from idDCM and NORMAL groups were analyzed only the perimeters of the equatorial and basal segments.

  Descriptive data for variables of right ventricle perimeters (equatorial and basal segments) and left (apical, equatorial and basal segments) for each group are presented in Tables 1 and 2 and the descriptive results for the perimeters of variables of right and left atrioventricular rings for each group are presented in Tables 3 and 4.
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  The descriptive results for the variables percentages by area of collagen fibers of the right and left atrioventricular rings for each group are shown in Tables 5 and 6, and the descriptive results for the variables percentages by area of elastic fibers of the right and left atrioventricular rings for each group are presented in Tables 7 and 8.
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  In the mean comparison analysis of right ventricular perimeters of equatorial and basal segments between NORMAL and idDCM groups, statistically significant differences were found (P<0.05) in all studied segments.

  In the mean comparison analysis of the right atrioventricular perimeters of the rings between idDCM and NORMAL groups statistically significant difference  was found (P<0.05).

  In the mean comparison analysis of left ventricular apical perimeters of equatorial and basal segments between idDCM and NORMAL groups, statistically significant differences were found (P<0.05) in all segments.

  The results of the Post-Hoc test with Bonferroni correction for multiple comparisons showed statistically significant differences for all comparisons, except with respect to the comparison between equatorial and basal ventricular perimeters.

  In the mean comparison of the perimeters analysis of left atrioventricular rings between the idDCM and NORMAL groups, there was no significant statistical difference (P> 0.05).

  In the mean comparison analysis of the collagen fibers of the right and left atrioventricular rings between the idDCM and NORMAL groups, there was a statistically significant difference (P<0.05).

  In the mean comparison analysis of the elastic fibers of the right and left atrioventricular rings between the idDCM groups and NORMAL, there was no statistically significant difference (P>0.05).

   

  DISCUSSION

  The medical understanding of the CHF has undergone substantial change since the first records of this entity, which can be traced in writings attributed to Hippocrates, and we can identify its historical evolution, which progressed in symmetry with the advancement of scientific knowledge[19].

  From a functional standpoint, the loss of pumping function occurs due to energy dissipation, a fact derived from mechanisms as increased heart weight, ventricular dilation, and thrombi in the heart chambers and dilation of atrioventricular rings[1].

  The ECM had its role reviewed in the genesis of idDCM. Initially, its components were taken as part of passive support in which the myocytes are intertwined, but recent studies point to the fact that these components play an active role in all phases of the normal cardiac cycle, for giving the heart fundamental properties such as resistance, resilience and elasticity, with consequent amendment of these features in pathological cardiac cycle, whose main characteristic is ventricular remodeling, which can be observed in macroscopic and microscopic level[8,20].

  The normal myocardial collagen comprises predominantly Type I  (corresponding to about 80% of the total collagen mass) and III, which form a three dimensional network structure which includes valves, chordae tendineae and perivascular interstitial collagenous components, which is organized in bundles. They are called epimisium (which covers each muscle fiber individually), perimysium (covering myocytes groups) and endomysium (found between each myocyte)[8].

  Regarding the behavior of the collagen fibers in cardiomyopathies, studies show conflicting results, and there may be increased[21] or decrease[20] of the collagenous component as well as breakdown of normal structure. Weber et al.[8], in histological study analyzing three hearts of patients who died due to idDCM, reported that there was a decrease of type I collagen (tougher) and increased collagen type III (less resistant) compared to the normal pattern and loss of normal functional architecture of collagenous fibers. They found that the increase in the less resistant collagen is likely responsible for the remodeling mechanism, with decreased contractile efficiency.

  This discrepancy results seem to be related in part to the methodology used and partly due to the fact that collagen may take different forms in the case of normal myocardial collagen or fibrosis.

  Although myocardial ECM changes have already been investigated in cases of idDCM, two factors remain unknown, namely any modification of the histological composition of the ECM of right and left atrioventricular rings and the behavior of the collagen fibers in terms of balance among its production, degradation and organization. These facts motivated the present study.

  From a macroscopic point of view, it was noted that there dilatation in both ventricles of the idDCM group, albeit with distinct morphology, since the expansion of the RVR accompanies the expansion of the equatorial and basal ventricular segments, contrary to what happens in LVR which presents no significant expansion compared to the control group, although there was dilation of equatorial and basal segments at left. In relation to LVR, these findings confirm the results of Juliani[22] and Hueb et al.[2,3], who claim to not be the degree of left ventricular dilation that determines the degree of dilation of the mitral ring, since they occur independently. This statement has always been a matter of controversy in the literature. In a study that examined the measure of LVR in 102 hearts, 78 of which had left ventricular dilation, Bulkley & Roberts[23] conclude that the isolated expansion of the left ventricular rarely causes failure in the left atrioventricular valve. They mention that the contrary affirmative has long been regarded as true, as postulated by great names of cardiology, as Flint and Osler in books dated end of the nineteenth century.

  The association of left atrioventricular valve insufficiency increases the morbidity and mortality of patients with CHF caused by idDCM[1]. Although often seen as secondary only to ventricular remodeling and it is therefore classified as "functional", recent studies indicate that possibly there are intrinsic components to the valve structure as a whole that acting differently can be responsible for the observed failure[4,6]. The valve leaflets, although considered to be only inert, because apparently they are not committed in cases of idDCM, contrary to what happens in other types of valvular regurgitation, present their own characteristics that must be taken into account, such as afferent and efferent innervation, intrinsic contractile properties, and spatial orientation of collagenous fibers that allows optimal distribution of mechanical stress, so that the remodeling of the leaflets possibly plays an intrinsic role in the genesis of valve failure, as demonstrated by Timek et al.[4] in experimental study in sheep. This fact comes against the results observed in our study, since there was no statistically significant dilation of the LVR, which seems to confirm the fact that it is not only the possible expansion of the ring that causes failure. The fact that there was dilation statistically significant of the RVR may optionally be associated to a lack of a full collagenous ring around the right atrioventricular orifice, unlike what occurs on the left side, where this hole is effectively surrounded by strong collagenous ring, which may reduce the propensity for ring dilation.

  According Juliani[22], there was cross left ventricular dilation in idDCM, which is mainly caused by changes in the baseline and equatorial segments. The fact that dilation of LVR can be a significant component of the ventricular remodeling process because anatomically the ring is part of the ventricle containing it, and because of its non-expansion may not occur changes in ventricular anatomic configuration, with tapering of its superior portion. This fact occurs only at left because at right occurs dilation of the basal, equatorial and RVR segments, a fact that gives rise to a different ventricular conformation and morphology of the wider top. These findings seem to corroborate the results of Hueb[3], who observed the fact that impairment of RVR valve accompanies the enlargement of the right ring, which does not occur on the left.

   The proportionality between the different types of collagen seems to represent major role in maintaining normal geometric conformation of the heart[8]. Although the amount of total collagen in the myocardium may increase, due mainly to the replacement of such fibers by scar tissue, with a consequent functional breakdown, there appears to be evidence points to the fact that the ECM of myocardium composition may vary according to the anatomic location. Gunja-Smith et al.[24] in study comparing 8 hearts with idDCM extracted from heart transplant recipients, with 12 normal hearts, stated emphatically  that "it deals with a simplification to assume that every heart has a similar composition."

  In this study, we assessed the ECM regarding its collagenous and elastic components exclusively in the region of the atrioventricular rings. As far as we know, there is no similar study in literature, a reason that can possibly explain the inconsistencies found with respect to the total amount of collagen, because in this study we noted, under microscopic inference analysis, that the percentage amount of total collagen fibers was significantly lower in idDCM group relative to the control group in both atrioventricular rings.

  Study limitations

  With regard to the selection of the sample, although we had calculated the power to explain any change found in macroscopic terms such as above 80%, it was not possible to calculate it in microscopic terms, since there are no studies in the literature about the specific change in EMC of atrioventricular rings in idDCM that would serve as the basis to a similar calculation. The possibility of a pilot study was not contemplated by the impossibility of obtaining more participants, since the only available were effectively used in the study. This limitation may eventually be overcome from studies in animal models, since there are already developed models for this purpose.

  Microscopic analysis was limited by issues relating to staining methods used, especially in relation to the study of elastic fibers. Staining with the use of resorcin-fuchsin oxidized allows evaluating the totality of the elastic fibers present, but it does not adequately provide for differentiation between three different types of such fibers (oxytalan, elastic and mature). Studies with use of alternative colors, such as Verhoeff method for exclusive coloring mature elastic fibers and Weigert resorcin-fuchsin, for recognizing the mature and elastic fibers may help elucidate the elastic behavior of the system qualitatively and not only quantitative.

  Regarding the collagen fibers, the methodology used allowed the quantification of the total fibers present, however, it did not allow the differentiation of different types of fibers present, so that it could not be assessed the quantity of the collagen studied that was composed of healing material and fibrosis.

  In the present study, there was the aim to investigate the variation of the total quantity of collagen and elastic fibers in different anatomic regions of the heart, which could lead to the confirmation of the hypothesis that the ECM structure varies according to the anatomical region, presenting a standard of increase of some structures and decrease in others.

  Final considerations

  The anatomical variation of the atrioventricular ring in terms of presence of ECM has been demonstrated. Angelini et al.[25] analyzed after autopsy the left atrioventricular junction in 13 subjects, 7 of them free of heart disease and 6 patients with mitral valve prolapse and concluded that except for the intertrigonal distance, where lies the mitral-aortic continuity, there is great ECM array arrangement, with the presence of variable size fibrous portions permeating areas where atrial myocardium and the ventricular myocardium are located, and further found that the amount of collagen in the ring ranged thick and easily identifiable portions and also thin portions.

  This same hypothesis was raised by Juliani[22], who in anatomical study that examined 43 human hearts, 18 of them from deceased patients by idDCM, when establishing the independence of the left atrioventricular ring dilatation with respect to dilation of ventricular segments, postulated that "One hypothesis would be that the forming tissue of the mitral ring is richer in fibrous matrix, particularly the region of shortest inter-trigonal distance, than the ventricular muscle, so even suffering the "pressure" of ventricular dilation, in addition to being subject the same etiologic agents that determine the left ventricular dilation in idDCM and iscDCM, its rate of expansion occurs differently."

   

  CONCLUSION

  The results showed that:

  1) There was an increase of ventricular perimeters in idDCM group compared to the normal group at right and left in different segments evaluated. The perimeter of the RVR was higher in idDCM group compared to the NORMAL group, with no significant difference in relation to LVR between the two groups.

  2) With regard to the percentage by area of collagen fibers, the right and left atrioventricular rings showed lower percentage of fibers in idDCM group compared to the control group. Regarding the percentage by area of elastic fibers, there was no difference between groups.
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    ABSTRACT

    OBJECTIVE: To determine the prevalence and profile of ascending aorta or aortic arch atheromatous disease in cardiovascular surgery patients, its risk factors and its prognostic implication early after surgery.

    METHODS: Between January 2007 and June 2011, 2042 consecutive adult patients were analyzed, with no exclusion criteria. Atheromatous aorta diagnosis was determined intraoperatively by surgeon palpation of the aorta. Determinants of atheromatous aorta, as well as its prognostic implication were studied by multivariate logistic regression.

    RESULTS: Prevalence of atheromatous aorta was 3.3% (68 patients). Determinants were age > 61 years (OR= 2.79; CI95%= 2.43 - 3.15; P<0.0001), coronary artery disease (OR=3.1; CI95%=2.8 - 3.44; P=0.002), hypertension (OR=2.26; CI95%=1.82 - 2.7; P=0.03) and peripheral vascular disease (OR=3.15; CI95%= 2.83 - 3.46; P=0.04). Atheromatous aorta was an independent predictor of postoperative cerebrovascular accident (OR=3.46; CI95%=3.18 - 3.76; P=0.01).

    CONCLUSION: Although infrequent, the presence of atheromatous aorta is associated with advanced age, hypertension, coronary artery disease and peripheral vascular disease. In those patients, a more detailed preoperative and intraoperative assessment of the aorta is justified, due to greater risk of postoperative cerebrovascular accident.

    Descriptors: Atherosclerosis. Aorta. Thoracic Surgery. Cardiovascular Surgical Procedures.

  

   

   

  INTRODUCTION

  The presence of atheromatous disease of the thoracic aorta is a known complicating factor in patients undergoing cardiovascular surgery, since it determines changes in intraoperative planning, and increases the risk for increased morbidity and mortality[1].

  The correlation between atherosclerosis in the coronary arteries and other arterial sites have been extensively documented[2,3], especially in the carotid arteries[4]. In turn, patients with atherosclerosis of the carotid arteries also have a higher rate of atheromatous thoracic aorta[5]. On the other hand, atheromatosis of the thoracic aorta is common in the elderly, and population studies[6,7] found that these patients have a higher prevalence of cardiovascular events and stroke.

  Although this evidence demands a more careful monitoring in risk groups, there are no national data on the subject. Knowledge of the prevalence and atheromatous aorta risk factors may provide greater predictability of its occurrence and prognosis. They can also lead to therapeutic changes that aim to minimize the operative risk.

  The aim of this study are to determine the prevalence and characteristics of atheromatous ascending aorta and/or aortic arch in patients undergoing cardiovascular surgery in a Brazilian center, the risk factors for its occurrence and its immediate prognostic implications.

   

  METHODS

  From January 2007 to June 2011, 2042 consecutive adult patients underwent cardiovascular surgery. The mean age was 57.4±15 years (range 16 years to 87 years) and 1168 (57.2%) were male. All patients were studied, with no exclusion criteria. Pre-, intra- and post-operative of the patients were prospectively collected and stored in an electronic database. The diagnosis of atheromatous aorta was performed by its palpation  during surgery by the surgeon, and the collection of data took into account the full account of the surgeon in relation to atheromatosis characteristics. The study was approved by the Research Ethics Commission under the protocol number 069883/2013, in accordance with the Helsinki rules.

  The surgeries were isolated  coronary artery bypass grafting (CABG) in 911 patients (44.6%), isolated valve surgeries in 561 (27.5%) and combined surgeries in 400 patients (19.6%), and other procedures in 170 (8, 3%). Other procedures were composed of congenital disease in adult surgeries in 84 patients (4.1%), isolated aorta surgeries in 45 patients (2.2%) and miscellaneous surgeries in the rest.

  Of the patients that we identified the atheromatous aorta, 47 (69%) underwent isolated CABG, 5 (7%) valve operation and the rest of the combined operations (24%). Cardiopulmonary bypass was not used in 15 (32%) patients of those who underwent isolated CABG. On the other hand, it was used in all submitted to other operations.

  The decision regarding the performance of surgery from diagnosis of atheromatosis was the surgeon's discretion. The aorta is no longer handled entirely in 16% of patients. Changes in cannulation site occurred in 79% of patients, change of clamping site in 69% and change in proximal anastomoses or aortotomy in 59%. The aortic replacement under deep hypothermic circulatory arrest was performed in 16% of patients.

  Statistical analysis

  Categorical variables were expressed as frequencies and percentages and continuous by mean and standard deviation. Continuous variables with heterogeneous distribution were expressed by medians and confidence intervals relating to one standard deviation. When comparing the pre- and intraoperative characteristics of morbidity and mortality events between the groups, the chi-square test, Fisher exact test, Student's t test were used when indicated. Multivariate logistic regression was used to determine the risk of atheromatosis and its prognostic implications factors in the occurrence of death, stroke and acute renal failure. Variables significantly (P <0.05) related to each of the events by univariate analysis were retained. Then, stepwise backward logistic regression was used in the construction of multivariate models. Calibration and discrimination of the models were determined by the Hosmer-Lemeshow test and the analysis of the ROC curve (receiver-operating characteristic), respectively.

   

  RESULTS

  Prevalence and descriptive atheromatosis

  The atheromatous ascending aorta and/or aortic arch were diagnosed by the surgeon during surgery in 68 patients, which corresponds to 3.3% of the total.
    The intraoperative findings were isolated calcified plate bounded by 35%, extensive or multiple plate calcified in 33% and porcelain aorta by 32%. Given these findings, various types of impact emerged: impossibility of any manipulation of the aorta in 33.3%, cannulation failure in 9.7%, clamping impossibility 4.2% and impossibility of cannulation and clamping 2.8%. In the remaining half of the patients, there was possibility of cardiopulmonary bypass with changes in local cannulation, clamping and proximal anastomoses.

  Risk factors of ateromatose

  In Table 1 are described the differences found between the control group and atheromatosis by univariate analysis as regards demographics, comorbity and risk factors widely recognized for cardiovascular surgery. Thus, the older age in the atheromatosis group was particularly significant (65.8±9.7 years versus 54.3±15 years, P<0.0001). Still, all of atherosclerosis risk factors occurred more frequently in atheromatosis group compared to the control. In addition, there was a higher frequency of involvement of other arterial territories in atheromatous aorta group, for example, coronary artery disease, especially when associated with left main coronary artery obstruction and peripheral vascular disease. There was an association trend between obstructive carotid artery disease and aortic atheromatosis.
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  Multivariate analysis identified independent risk factors for atheromatous disease of the aorta in the study population (Table 2), as the age older than 61 years (OR=2.79; 95% CI 2.43 to 3.15; P<0.0001), the presence of coronary artery disease (OR=3.1; 95% CI 2.8 to 3.44; P=0.002), hypertension (OR=2.26; 95% CI 1.82 to 2.7; P=0.03) and peripheral vascular disease (OR=3.15; 95% CI 2.83 to 3.46; P=0.04).
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  Prognostic implications

  Table 3 shows the impact of atheromatous aorta in hospital mortality and major morbidity outcomes by univariate analysis. 1There was a higher hospital mortality and higher incidence of stroke, sepsis, myocardial infarction, acute renal failure, prolonged mechanical ventilation and longer hospital stay in patients with atheromatous aorta compared to the control. Regarding the multivariate analysis, the presence of atheromatous aorta was an independent predictor of the occurrence of stroke in the postoperative period (OR=3.47; 95% CI 3.18 to 3.76; P=0.01), as documented in Table 4. There was no correlation in the analysis of risk factors, including the presence of atheromatous aorta and hospital mortality or acute renal failure in the postoperative period.
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  It was not identified a greater risk of stroke according to the type of the atheromatous disease in the aorta. Patients with porcelain aorta had the same risk as other patients with delimited atherosclerotic plaques (12.5% vs. 9.5%, P=0.87). Also, avoiding manipulation of the aorta did not prevent the occurrence of cerebral complications (9% vs. 10.2%, P=0.91), as well as changing the cannulation site (P=0.61), clamping (P=0.12) or using circulatory arrest (P=0.9).

   

  DISCUSSION

  This observational study aimed at exploring atheromatous ascending aorta and/or aortic arch in a group of consecutive adult patients undergoing cardiovascular surgery. Despite the prevalence is relatively low in this population, it is consistent with other[8] literature series. The prevalence could be higher if our population was older, since there was direct relationship between age and the presence of atheromatosis. Davila-Roman et al.[9] found important atheromatous ascending aorta in approximately one third of patients older than 80 years who underwent cardiovascular surgery. The increase in life expectancy of the Brazilian population will certainly determine a higher incidence of patients with this problem being treated for cardiovascular surgery.

  In addition to age, it was identified that the main atherosclerosis risk factors[5] are the same related to atheromatous aorta by univariate analysis. However, only hypertension was considered an independent risk factor in the multivariate analysis. In the latter, other factors found in our series were coronary artery disease and peripheral vascular disease, reinforcing the coexistence of atherosclerotic involvement in different arterial territories.

  Most studies in the [10-12] literature considers as risk factors for aortic atheromatosis the obstructive carotid artery disease, abdominal aortic aneurysm, left main coronary artery obstruction, diabetes mellitus and hypertension. The calcified aortic stenosis and chronic renal failure are still other risk factors involved[13]. Looking critically, preoperative patient characteristics have little predictive value, since most of the patients referred to the cardiovascular surgery has such features, which therefore requires more accurate assessments. In our experience, such evaluations are performed infrequently and dependent on the doctor's suspicion level.

  The importance of completing the diagnosis in order to enable the best possible surgical planning. Traditional image tests that can identify the atheromatous aorta are inaccurate, as the chest X-ray or cardiac catheterization. Transesophageal echocardiography[14] is better than the previous ones, however, presents image acquisition limitations in the distal ascending aorta and proximal aortic arch, frequently used sites for cannulation and clamping. Computed tomography[15] is an excellent test to detect atheromatous aorta, however, it has disadvantages in relation to the use of radiation and its use is associated with high cost for the health system. It can, however, be used in the groups at the most risk prior to surgery[13].

  During surgery, the surgeon palpates traditionally the aorta to diagnose aortic atheromatosis. However, Wareing et al.[10] studied more than 500 patients and found palpation be imprecise and it was detected only 38% of positive diagnoses on ultrasound. The best imaging method is the epiaortic ultrasound[16,17] performed intraoperatively with high-resolution transducers which measure the wall and the lumen of the aorta in the various segments.

  Precise informations regarding the pathological features of the aorta have implications for the management of cardiopulmonary bypass, myocardial and cerebral protection and surgical planning, in order to minimize unwanted embolism microparticle atheroma, especially to the brain. Our study and others[1,18] showed that the presence of atheromatous aorta is an independent risk factor in the development of stroke postoperatively, with absolute risk by about 10%, a risk consistent in several series.

  Blauth et al.[12] reviewed the autopsy findings of 221 patients undergoing cardiac surgery. It was revealed that cerebral embolism occurred in 37% of patients with atherosclerosis of the aorta, compared to only 2% of those who had not. Van der Linden et al.[19] showed that the kind of impairment of the aorta has a differential risk of stroke. In our experience, we could not corroborate the findings of this latest study of higher risk related to the type of involvement, including as regards the porcelain aorta.

  The various types of surgical strategy are possible to be performed, as shown in our experience, and there is no consensus in the literature regarding the best strategy. These include the revascularization with composite arterial grafts under cardiopulmonary bypass without aortic clamping, changes on the site of cannulation, clamping and proximal anastomoses, up to the aortic replacement under total circulatory arrest with deep hypothermia.

  However, none of these approaches is capable of preventing the risk of displacement of atheromatous particles. It's intuitive to state that avoiding any manipulation of the aorta is advised in the presence of atheromatosis. However, this strategy is not possible in all cases, particularly the need for combined surgeries involving the heart valves and thoracic aorta. There are also some data from observational studies[1,8,10-12,14] suggesting that the change in operative tactics to minimize the risk of complications, although the morbidity remain higher than usual.

  We could not find in our superiority experience any approach to minimizing the risk of cerebral complications. Both off-pump surgery without manipulation of the aorta showed the same stroke rates than patients undergoing surgery with CPB. Attempts to change the site of cannulation, clamping, performance of proximal anastomoses or aortotomy did not reduce this risk. Neither the replacement of the aorta under total circulatory arrest with deep hypothermia reached the same benefit, although not carrying additional risk.

  Cardiac surgery with aortic manipulation guided by epiaortic ultrasound has uncertain clinical value. Clinical studies have detected low cerebral embolization by transcranial Doppler[20] and improved neuropsychological performance[21,22], but it has not been demonstrated lower stroke rates.

  In a patient with porcelain aorta, carrier or aorta valve disease requiring surgery, most surgeons hesitate to perform complicated surgical procedures involving total circulatory arrest and aortic replacement in elderly patients who often already has other operative risk factors, which opens the possibility of transapical aortic valve replacement when indicated[23]. On the other hand, if the proposed surgery would be isolated CABG, performing it without cardiopulmonary bypass and without manipulation of the aorta seems to be a more appropriate strategy when possible[24].

  It should be noted that our experience does not corroborate such conduct, nor there is strong evidence in the literature to support them up to this point.

  Study limitations

  This is an observational study, with the limitations inherent to its design. We used palpation of the aorta as a diagnostic method of atheromatosis, which certainly reduced the prevalence. The use of epiaortic ultrasound should be the standard of our service.  The limited number of patients and the very different approaches adopted by surgeons in the presence of atheromatous hamper determining the impact of the change of intraoperative tactic in the results of morbidity and mortality. For this reason, this was not listed as objective of this study. A multicenter study of more robust number of patients facing this purpose would be interesting to be developed.

   

  CONCLUSION

  Although infrequent, the presence of atheromatous aorta has higher incidence according to age, with the presence of hypertension, coronary artery disease and peripheral vascular disease. In these situations, it is justified pre- and intraoperative more detailed research, because the presence of atheromatous determines greater chance of stroke postoperatively.
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    ABSTRACT

    OBJECTIVE: To compare in-hospital outcomes in aortic surgery in our cardiac surgery unit, before and after foundation of our Center for Aortic Surgery (CTA). 

    METHODS: Prospective cohort with non-concurrent control. Foundation of CTA required specialized training of surgical, anesthetic and intensive care unit teams, routine neurological monitoring, endovascular and hybrid facilities, training of the support personnel, improvement of the registry and adoption of specific protocols.  We included 332 patients operated on between: January/2003 to December/2007 (before-CTA, n=157, 47.3%); and January/2008 to December/2010 (CTA, n=175, 52.7%). Baseline clinical and demographic data, operative variables, complications and in-hospital mortality were compared between both groups. 

    RESULTS: Mean age was 58±14 years, with 65% male. Group CTA was older, had higher rate of diabetes, lower rates of COPD and HF, more non-urgent surgeries, endovascular procedures, and aneurysms. In the univariate analysis, CTA had lower mortality (9.7 vs. 23.0%, P=0.008), which occurred consistently across different diseases and procedures. Other outcomes which were reduced in CTA included lower rates of reinterventions (5.7 vs 11%, P=0.046), major complications (20.6 vs. 33.1%, P=0.007), stroke (4.6 vs. 10.9%, P=0.045) and sepsis (1.7 vs. 9.6%, P=0.001), as compared to before-CTA.  Multivariable analysis adjusted for potential counfounders revealed that CTA was independently associated with mortality reduction (OR=0.23, IC 95% 0.08 – 0.67, P=0.007). CTA independent mortality reduction was consistent in the multivariable analysis stratified by disease (aneurysm, OR=0.18, CI 95% 0.03 – 0.98, P=0.048; dissection, OR=0.31, CI 95% 0.09 – 0.99, P=0.049) and by procedure (hybrid, OR=0.07, CI 95% 0.007 – 0.72, P=0.026; Bentall, OR=0.18, CI 95% 0.038 – 0.904, P=0.037). Additional multivariable predictors of in-hospital mortality included creatinine (OR=1.7 [1.1-2.6], P=0.008), urgent surgery (OR=5.0 [1.5-16.7], P=0.008) and thoracoabdominal aneurysm (OR=24.6 [3.1-194.1], P=0.002). 

    CONCLUSIONS: Thoracic aorta surgery in specialized center was associated with lower incidence of complications and all-cause mortality as compared to usual care. 

    Descriptors: Aortic surgery. Specialized care. Surgical outcomes. Inpatient mortality.

  

   

   

  INTRODUCTION

  The assessment and management of aortic pathologies impose multiple challenges. Aneurysms are usually asymptomatic, with slow growth and may develop distal thromboembolism, rapid expansion and rupture, with catastrophic evolution. Dissections have high early mortality, with mortality rate up to 1-2% per hour[1]. The diagnosis is complex, requiring integration with multiple clinical imaging studies (echocardiography, CT angiography, MRI and aortography). The initial clinical management is critical for limiting the spread of disease, and surgical planning is complex, including endovascular and hybrid procedures and new forms of neurological monitoring and protection[2,3]. 

  Evidence has supported the concept that complex surgery should be performed in high-volume centers of care to improve outcomes in these patients[4]. Accordingly, there is evidence that highly complex surgeries such as esophagectomies[5], resection of lung neoplasms[6], duodenopancreatectomies[7], and endarterectomy[8], performed in centers with high surgical volume, result in reduction of morbidity and mortality.

  The challenges and complexities presented by aortic surgery have stimulated the creation of multicenter registries, such as the International Registry of Acute Aortic Dissections (IRAD), a consortium of specialized centers in 12 countries that aims to study the etiology, clinical findings, treatment and hospital outcomes of patients with aortic dissection[9]. Specialized aortic centers have also been created, aiming to systematize the medical and surgical treatment by the best evidence, taking into account parameters such as the extent of aortic involvement, the underlying pathology, the need for anticoagulation and life expectancy[10]. These centers have multiplied, serving patients with complex pathologies that require sophisticated surgical techniques and high-tech prostheses[11].

  In the management of abdominal aortic aneurysms (AAA), strategies of regionalization of care have been implemented, directing patients to specialized centers with high volume (> 50 cases per year). Surgical outcomes in these centers have been better than low-volume centers, with 20-30% reduction in complications and in-hospital mortality[12]. In thoracic aortic pathologies in general, however, there is no studies evaluating the outcomes, complications and mortality of surgery in specialized centers, compared to non-specialized centers[13,14]. Therefore, the aim of this study is to evaluate the impact of surgical treatment of the thoracic and thoracoabdominal aortic diseases in specialized center (CTA) on hospital outcomes, complications and mortality compared to treatment in a non-specialized center.

   

  METHODS

  Patients

  Between January/2003 and December/2010, 332 adults consecutively underwent thoracic/thoracoabdominal aortic surgery and were divided into two periods: pre-CTA (January/2003 to December/2007) and CTA (January/2008 to December/2010). The mean age was 58±14 years; 65% male.

  CTA 

  The constitution of the CTA involved: 1. surgical training in  specialized centers (national and international); 2. improvements in infrastructure (hybrid room, C-arc, intraoperative echocardiography, neurological monitoring, reform of the Intensive Care Unit (ICU), new postoperative protocols of care); 3. Training of personnel (anesthetists, diagnostic services, perfusionists); 4. Research activities (improvement of records and databases, publication of results); 5. standardization of care and use of evidence-based guidelines[15,16]. These procedures take place between November/2007 and January/2008. 

  Design 

  Prospective observational study with a non-contemporaneous control (historical), comparing in-hospital outcomes in patients undergoing thoracic and thoracoabdominal aortic surgery before and after the creation of the CTA.

  Patient evaluation and surgical treatment 

  Preoperative imaging studies included CT angiography using multidetector scanner (Model Aquilion, Toshiba, New York, USA). The images were post-processed with three-dimensional reconstruction, allowing surgical planning and measurement of aortic diameters. Magnetic resonance angiography or contrast angiography were rarely used. Preoperative transesophageal echocardiography was used in emergency situations. All patients were assessed by a group of surgeons who analyzed the surgical options and planned the surgery. The surgical procedures performed included the Bentall surgery, replacement of the aortic root with interposition of a Dacron graft, aortoplasty, implantation  of endovascular prosthesis (stent) and hybrid procedures, using standard techniques[10,11,17]. After surgery, patients were transferred to the ICU in mechanical ventilation.

  Variables 

  Demographic, clinical, laboratory and preoperative echocardiographic variables, the location of the aneurysm, the type of dissection, the operative data and the procedure performed were prospectively collected. The primary outcome was in-hospital mortality. Secondary outcomes included major complications, reoperation rate and ICU stay. Major complication included cerebrovascular accident (CVA), acute renal failure (ARF), acute myocardial infarction (AMI), reoperation for bleeding, acute visceral or lower limb ischemia, or paraplegia).

  Statistical analysis

  Continuous variables with normal distribution were described using mean ± SD and compared using Student's t test. The non-normal continuous variables underwent log transformation or have been described using the median and interquartile range, and compared with the Mann-Whitney test. Categorical variables were described as proportions (%) and compared with the chi-square test. In univariate analysis, the outcomes were compared between groups using chi-square test with Yates correction. A stratified analysis was performed by subgroups, trying to detect heterogeneity of effect in subgroups of interest (mortality by pathology and by procedure), using a test-variable interaction effect, using the P value of <0.05. To exclude confounding (variability of mortality by other factors over time, unrelated to CTA), a sensitivity analysis was performed by evaluating separately the evolution of the annual mortality in the pre-CTA period, followed by the CTA period; then the mortality between the two periods was compared using chi-square with correction for multiple comparisons.

  Univariate analysis of factors associated with mortality was performed using chi-square test for categorical variables and t test or Mann-Whitney test for continuous variables. Using multivariate analysis (logistic regression), the adjusted comparison of mortality was performed in the two groups, and the independent effect of predictor variables - covariates associated with outcome (P<0.1) in univariate analysis - on hospital outcomes was evaluated[18]. The discrimination ability of the logistic model was assessed using the area under the ROC curve (receiver operating characteristics curve); calibration was assessed using the Hosmer-Lemeshow test. The model was tested for the presence of multicollinearity and its predictive value was determined. All analyzes were performed using SPSS 17.0 (Statistical Package for Social Science, Chicago, IL) software. Statistical significance was confirmed when P<0.05. 

  The project was approved by the Research Ethics Committee (No. N2094/09), and all patients signed a written informed consent. 

   

  RESULTS

  332 patients who had undergone surgery for diseases of the thoracic and thoracoabdominal aorta between January/2003 and December/2010 were included (pre-CTA, January 2003-December 2007, n=157, 47.3%; CTA, January 2008-December 2010, n=175, 52.7%). Cases included 175 aneurysms (52.7%), and 150 dissections (45.2%).

  Approximately 85% of patients were hypertensive, 41.6% were smokers, 31% had CHF, 20.6% chronic obstructive pulmonary disease (COPD), 21% coronary artery disease (CAD), 17% chronic renal failure (CRF) and 7,3% had diabetes mellitus (DM) (Table 1).
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  Regarding aneurysms, the most common location was the ascending aorta, with a similar rate in both groups (46 patients (68.0%) in the pre-CTA group and 68 (62.1%) in CTA - P>0.05). We also found, with a similar percentage between groups, aneurysms of the descending aorta, with 10 patients (14.9%) in the pre-CTA group and 11 patients (10.1%) on CTA, and thoracoabdominal aortic aneurysms with 6 patients (9.0%) in pre-CTA group and 13 patients (11.8%) of the CTA group (P>0.05 for all comparisons).

  Regarding dissections, there was also similar distribution between the two groups: the acute type A dissections amounted 83% (74 patients) of the pre-CTA group and 73% (45 patients) of the CTA group; type B acute aortic dissection amounted 17% (15 patients) of pre-CTA group and 24% (16 patients) of CTA group (P>0.05 for both comparisons).

  Patients from CTA group (Table 1) were older (P=0.01), with a higher prevalence of DM (P=0.005), higher blood glucose (P=0.001) lower prevalence of COPD (P=0.037) and HF (P=0.005) and higher proportion of aneurysms than dissections (P=0.001), shorter circulatory arrest (P<0.001), less urgent surgeries (P<0.001), more hybrid (P=0.023) and endovascular (P=0.024) procedures. The proportion of Bentall surgeries and aortoplasties was similar in the 2 groups.

   Procedures

   Primary procedures included aortic root replacement with Dacron graft (105 patients, 31.6%), Bentall surgery (96 patients, 28.9%), endovascular repair (50 patients, 15.1%), hybrid procedure (71 patients, 21.4%), and direct aortoplasty (8 patients, 2.4%). Tirone surgery was performed in 1 patient. Concomitant procedures were performed in 16% of patients, with similar distribution between the groups; CABG (9.0%), valve surgery (4.2%), and combined surgery (coronary artery bypass and valve surgery, 1.5%) predominated. There was no difference between groups in the rate of associated procedures. The surgeries were performed urgently in 25.6% of patients, and were more common in the pre-CTA group (35.7%) than in the CTA group (16.6%, P<0.001).

  Univariate analysis

  In-hospital morbidity and mortality

  The overall unadjusted mortality was 16.3% (54 patients). Major complications occurred in 88 patients (26.5%), and 27 patients suffered reoperation (8.2%). The average length of ICU stay was 5.2 days; the average hospital stay was 14.7 days. The most common complications are postoperative bleeding (17.2%), arrhythmias (11.1%), pneumonia (7.2%), stroke (7.5%) and sepsis (5.4 %). The CTA group had lower in-hospital mortality in univariate analysis compared to the pre-CTA (9.7% vs. 23%, P=0.002) (Figure 1). The CTA also had a lower incidence of complications (38.9% vs 56.7%, P=0.001) and major complications (20.6% vs 33.1%, P=0.007) (Figure 1 and Table 2). There was also a reduction in length of stay in the ICU in CTA group (4.8±8.4 days vs. 6.4±7.2 days, P=0.001).
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  In subgroup analyzes stratified by timing of surgery (urgent vs. non-urgent surgery) (Figure 2), the CTA group showed a numerical reduction of mortality in urgent surgery (27.6% vs. 35.7%), without reaching statistical significance (P=0.158). There was also a significant reduction in mortality in elective procedures (6.9% vs. 15.8%, P=0.034). 
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  In subgroup analyzes stratified by disease (Figure 2 and 3A), CTA group had reduced mortality in aneurysms in general (6.9% vs. 16.7%, P=0.043), in aneurysms of the ascending aorta (1.4% vs. 6.5%, P=0.048) and associations of > 2 aneurysms (20.0% vs. 100%, P=0.04).
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  In the repair of thoracoabdominal aneurysms, there was a reduction in mortality, without reaching statistical significance (30.8% vs. 50.0%, P=0.378). In aneurysms of arch and descending aorta, the number of surgical cases was low and there were no deaths, precluding comparison between groups. 

  In patients undergoing surgery for acute type A aortic dissection, there was no significant reduction in mortality in the CTA group (17.7% vs. 25.7%, P=0.238), and the analysis stratified by the involvement of the aortic arch did not change this outcome. In acute type B dissections, however, there was a reduction of mortality in the CTA group compared to pre-CTA (18.7% vs. 37.5%, P=0.038). 

  In stratified analysis by procedure (Figure 3A) the CTA group showed reduced mortality in hybrid procedures (15.2% vs 39.5%, P=0.023) and in the Bentall surgery (4.2% vs 18.8%, P=0.025). In urgent/emergency surgeries and in the aortic root replacement surgeries, the CTA group showed reduced mortality, without reaching statistical significance (27.6% vs 35.7%, P=0.338, and 13.5 vs 20%, 8%, P=0.321, respectively). In the endovascular treatment, mortality was similar in the 2 groups (10.8% vs 7.7%, P=0.611). 

   In the sensitivity analysis to assess the evolution of annual mortality (Figure 3B), mortality within the pre-CTA (2003-2007) period remained between 17.6% and 30% (annualized average 23%), with no significant variation in the period (P=0.580). In CTA period (2008-2010), the annual mortality was between 7.7% and 13.5% (annualized average 9.7%), also with no variation within the period (P=0.594). However, comparing the annualized mortality between the two periods, a statistically significant reduction in the CTA group (P=0.002) appeared, suggesting that the reduction in mortality has not occurred by seasonal variation, gradual decrease over time, or improvements in other factors not related to the CTA, but by the direct effect of the creation of the CTA. 

  In the specific complications (Table 2), the CTA group had lower incidence of reoperation (P=0.046), stroke (P=0.045) and sepsis (P=0.001). The increased incidence of postoperative bleeding (14.3% vs. 20.4%) and pneumonia (5.1% vs. 9.6%) also had a reduced number without reaching statistical significance.

  Factors associated with mortality

  The baseline and operative risk factors associated with  in-hospital death in the univariate analysis were: CTA, group (dissections), location of the aneurysm (thoracoabdominal and aneurysms associations), urgent surgery, reoperation, age, hemoglobin, creatinine, increased aortic diameter and CPB time (Table 3).
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  Multivariable Analysis

  Independent predictors of mortality

  Multivariate logistic regression (Table 4) was performed to evaluate whether specialized treatment in CTA was an independent predictor of mortality reduction. Logistic regression allows defining which variables are independently related to the outcome after simultaneous adjustment for all potential confounders[18]. The multivariate model included covariates associated with mortality in univariate analysis; thus, any association between the CTA and the primary outcome have occurred regardless of baseline differences between groups[19]. The prevalence of diabetes mellitus, COPD and heart failure; ejection fraction, and the rate of endovascular procedures were not associated with outcome in the univariate analysis, so they were not included in the multivariate model.

  
    

    [image: Table 4. Multivariable analysis showing predictors of in-hospital mortality after aortic surgery]

  

  The logistic regression model showed that the surgery in specialized center (CTA) led to a 77% reduction of in-hospital mortality compared to the pre-CTA period, with an odds ratio = 0.23 (95% CI 0.07 to 0.67, P=0.007). Other independent predictors of death were thoracoabdominal aneurysm surgery, with an odds ratio = 24.6 (95% CI 3,1 to 194, P=0.002); urgent surgery, with an odds ratio = 5.0 (95% CI 1.5 to 16.7, P=0.008); and preoperative creatinine, with an odds ratio = 1.7 (95% CI 1.1-2.6, P=0.008); for each 0.1mg/dL increase in preoperative creatinine, the risk of death increased by 7.3%. These factors are independently associated with hospital mortality, even after adjustment for possible confounding factors. 

  The predictive characteristics of the multivariate model were as follow:  overall accuracy of 90% for predicting hospital mortality; explains 40% of the variability in the outcome of hospital death (Nagelgerke R square=0.391); very good discriminatory power (area under the ROC curve=0.824); have a good fit (Hosmer-Lemeshow test for goodness-of-fit: P=0.184), and shows stability and absence of significant multicollinearity. 

  A multivariate analysis was also performed to assess the impact of the CTA (compared to pre-CTA) on hospital mortality stratified by pathology (aneurysms and dissections) and procedure (Table 5). This analysis showed that the CTA group had reduced mortality in both aortic aneurysms (odds ratio=0.18, 95% CI 0.034 to 0.983, P=0.048) and in the dissection (odds ratio=0.31, 95% CI 0.094 - 0.99, P=0.049), even after multivariate adjustment; similarly, reduced mortality  occurred in hybrid procedures (odds ratio=0.07, 95% CI 0.007 to 0.726, P=0.026) and in the Bentall surgery (odds ratio=0.18, 95% CI 0.038 to 0.904, P=0.037) after multivariate adjustment. 
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  DISCUSSION

  In the present study, the thoracic aortic surgery in a specialized center (CTA) decreased the rate of complications (stroke, sepsis, bleeding) and was independently associated with lower in-hospital mortality after thoracic and thoracoabdominal aortic surgeries (reduction ~77%). There was a reduction of in-hospital mortality in CTA in subgroups stratified by disease (in aneurysms, especially of the ascending aorta and in more than one segment; in acute dissections, especially type B) and by procedure (hybrid procedures, Bentall). In addition to surgery in non-specialized center, baseline creatinine, urgent surgery and thoracoabdominal aneurysms were also independent predictors of in-hospital death. 

  Aortic surgeries are complex, have high morbidity and mortality, and require great care and preparation to ensure favorable outcomes[20-22]. In the most complex diseases the effect of specialized interventions on clinical outcomes is more relevant[23]. Therefore, it is expected that specialized centers in thoracic aortic surgeries may obtain the best results. There is already evidence of efficacy of this strategy in the pathologies of the infrarenal aorta[12,24].

  Specialized centers in aortic surgery with high surgical volume have reported good results in thoracic aortic surgery. However, these results do not reflect the reality of all centers. Thus, multicenter registries including non-specialized centers have reported increased morbidity and mortality, especially for high-risk cases. Indirectly, this suggests that patients with high surgical risk patients present better outcomes in specialized centers[25,26]. This study objectively confirms this notion, showing a reduction of clinically relevant outcomes after thoracic aortic surgery (in-hospital mortality, complications, reoperations, stroke and sepsis). 

  The outcomes described herein for the CTA group are comparable to those described in reports of case series  undergoing surgery in large centers specialized in aortic surgery. In a series of 597 patients undergoing the Bentall surgery, overall mortality was 3.8%[27], similar to what was reported in our study (4.2%), and consistent with recommendations to specialized centers (mortality 1-5%)[14]. Regarding endovascular treatment, in a report of 400 cases, the mortality rate was 6.5%[28], comparable to our group (7.7%).

   On the other hand, the outcomes reported for pre-CTA group are similar to those described in multicenter registries that include non-specialized centers. In a cohort study of 12,573 patients with thoracic aortic aneurysms[29], the authors reported mortality for urgent surgery of 46%, even higher than that reported by us in the pre-CTA group (35.7%). The mortality rate for endovascular repair was 6.1% (elective), similar to reported in our pre-CTA group (10.3%); in urgent surgery, the mortality was 28%, comparable to our data (25%). 

  An important finding was revealed by the sensitivity analysis that evaluated the evolution of annual mortality. During the period 2003-2010, there was a significant reduction in mortality (P=0.008). This reduction did not occurred in 2003-2007 period, where mortality was stable (annualized average: 23%). This reduction also didn't occur in the period 2008-2010, where the mortality remained stable (annualized average: 9.7%). This analysis confirms that there was no reduction of outcomes only by gradual improvement in care or progressive incorporation of new techniques. Finally, comparing mortality among pre-CTA vs. CTA period, there was a significant reduction (P=0.002), showing clearly that the improvement in outcomes occurred exactly at the transition between the two periods. Considering that our service has performed aortic surgery for over 15 years, one can say that the improvement in outcomes was not due to the impact of the learning curve or increased surgical volume, but due to the specialization[21,22]. 

  The improved outcomes reported herein repeated consistently in different subgroups of patients, in multivariate analysis adjusted for baseline differences and comorbidities. The CTA group had independent mortality reduction in aneurysms, dissections and also in hybrids procedures and Bentall surgeries. Thus, we can confirm that the lowest mortality occurred by the beneficial effect of specialization of the center, and not by the differences in the baseline clinical variables between pre-CTA and CTA patients.

  There is only one study in the literature directly comparing outcomes in thoracic aortic surgery at high-volume centers (> 80 surgeries in 3 years) with lower volume centers (<80 surgeries in three years); this study retrospectively evaluates the data from the Virginia Cardiac Surgery Quality Initiative (VCSQI)[30]. However, unlike the present study, the authors evaluate only the thoracic aortic aneurysms and exclude emergency surgeries. More than 500 elective aortic aneurysm surgeries were performed in high-volume centers and 216 surgeries in low-volume centers. In-hospital mortality was 3.8% for high-volume centers compared with 8.3% in low-volume centers (P=0.01). This difference demonstrated in the univariate analysis was tested after multivariate adjustment. For this, the authors performed the same multivariable logistic regression that we did, and they showed that elective surgery for thoracic aortic aneurysm in high-volume centers was an independent predictor of reduced mortality, with an odds ratio=0.41 (95% CI 0.18 to 0.92, P=0.03, 59% reduction). In our study, unselected thoracic aortic surgery at the CTA also reduced in-hospital mortality (odds ratio=0.23 (95% CI 0.08 to 0.67, P=0.007, 77% reduction). It is noteworthy the fact that hospital mortality for elective thoracic aortic aneurysms of our CTA group (n=84, mortality 3.8%) was equal to the mortality of high-volume centers of the aforementioned study (3.8%), and mortality for aneurysms of our pre-CTA group (n=54, mortality 7.4%) was slightly better than the mortality of low-volume centers (8.3%).

   A more recent study[31] aimed to compare surgical outcomes in patients with type A acute aortic dissection, before and after installation of a multidisciplinary program in thoracic aortic surgery ("TASP"). In this study, the post-TASP group also had several baseline differences when compared to the pre-TASP group: it had a lower rate of infarction, fewer emergency surgeries, less concomitant procedures, shorter CPB and circulatory arrest, a higher percentage of patients undergoing selective cerebral perfusion, and more use of VIIa factor postoperatively. The results showed a very important reduction in mortality in the post-TASP group compared to pre-TASP group (from 33.9% to 2.8%, P=0.002). The authors didn't perform any kind of multivariate analysis to adjust the results for differences in baseline characteristics; they only compared the pre-TASP and post-TASP mortalities with their predicted mortality by Rampaldi Score, which is a score that still lacks external validation. In contrast, in the present study, we performed a rigorous multivariate adjustment to avoid confounding caused by differences in baseline characteristics between the groups; in addition, we assessed the effect of CTA in a broader group of patients including dissections, aneurysms and different types of procedures.

  Multiple aspects may explain the improved outcomes in specialized centers in aortic surgery. It has been shown that performing highly specialized procedures with high surgical volumes generates expertise by repetition[32]. Specific technology used by trained staff creates operational efficiency, economy in scale and greater cost-effectiveness[33]. In addition, trained and specialized teams can quickly add new technologies and scientific advances to patient care with improved outcomes[34].

  Our study has limitations. Our patients were not randomized for allocation in the pre-CTA or CTA groups. Therefore, unmeasured baseline differences between groups may be present, with a potential impact on the estimate of the effect of the intervention. However, it seems inappropriate to randomize patients to surgery in non-specialized center, precluding the use of treatment strategies which are part of the best current therapy (and included here as part of the CTA strategy), because it would be unethical and could add risk to patients. Therefore, our study used a non-contemporaneous (historical) control group. This strategy has been questioned for possible selection bias (differences in baseline characteristics or disease severity) and bias by variation of other factors associated with outcome[35,36]. More recently, however, it has been shown that studies with historical controls, conducted carefully and accurately, can provide important evidence about benefits and harms of interventions, especially when there is effect plausibility, poor prognosis with usual treatment or risk of worse outcomes in patients not treated with the intervention under test[37,38].

  Quality criteria and requirements for using historical controls have been proposed[39,40]. They include: collecting data in a blinded way (our data collection was prospective and blind); including patients with the same eligibility during the entire period (all treated patients with aortic disease in our hospital were eligible to allocation, and conditions of referral from other facilities were stable over the period); maintaining stable strategies of treatment over time (surgical techniques and perioperative care were similar throughout the study); using similar diagnostic methods (CT angiography of the aorta, aortography and transesophageal echocardiography were available for the whole period); indicating surgery at the same stage of evolution (we met surgical indications of relevant guidelines and avoided comparing outcomes between groups undergoing surgery in different stages of disease progression); and rigorous multivariate adjustment (we used multivariate logistic regression with adjustment for all covariates associated with outcome)[39,40]. If performed with such care, studies with historical controls have enabled major advances in relevant diseases[41-45], also having influenced health policies of several countries[41-43].

  The implications of the reported findings are potentially relevant. It is essential that new studies confirm our findings, and enable additional analyzes, by determining the cost-effectiveness of CTA strategy. It is also important to determine if there is a positive impact on long-term outcomes. Nevertheless, these data may be an important stimulus for new surgical groups to create specialized centers, offering patients positive results as demonstrated herein. The allocation of public resources supporting the creation of new centers may be needed to ensure the availability of aortic centers in many hospitals and cities, expanding this strategy and reducing adverse outcomes. 

  In conclusion, surgical treatment of thoracic and thoracoabdominal aortic diseases in specialized center (aortic center) was associated with lower rates of complications and in-hospital mortality. Further studies will be required to confirm these data and to assess the cost-effectiveness and long-term outcomes.
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    ABSTRACT

    OBJECTIVE: To perform a comparative assessment of two surgical techniques that are used creating an acute myocardial infarc by occluding the left anterior descending coronary artery in order to generate rats with a left ventricular ejection fraction of less than 40%. 

    METHODS: The study was completely randomized and comprised 89 halothane-anaesthetised rats, which were divided into three groups. The control group (SHAM) comprised fourteen rats, whose left anterior descending coronary artery was not occluded. Group 1 (G1): comprised by 35 endotracheally intubated and mechanically ventilated rats, whose left anterior descending coronary artery was occluded. Group 2 (G2): comprised 40 rats being manually ventilated using a nasal respirator whose left anterior descending coronary artery was occluded. Other differences between the two techniques include the method of performing the thoracotomy and removing the pericardium in order to expose the heart, and the use of different methods and suture types for closing the thorax. Seven days after surgery, the cardiac function of all surviving rats was determined by echocardiography. 

    RESULTS: No rats SHAM group had progressed to death or had left ventricular ejection fraction less than 40%. Nine of the 16 surviving G1 rats (56.3%) and six of the 20 surviving G2 rats (30%) had a left ventricular ejection fraction of less than 40%. 

    CONCLUSION: The results indicate a tendency of the technique used in G1 to be better than in G2. This improvement is probably due to the greater duration of the open thorax, which reduces the pressure over time from the surgeon, allowing occlusion of left anterior descending coronary artery with higher accuracy. 

    Descriptors: Myocardial infarction. Echocardiography. Models, Cardiovascular.

  

   

   

  INTRODUCTION

  Cell therapy has been proposed as a future therapy for myocardial diseases, and the efficacy of the different types of cell therapy for cardiomyopathies has been investigated in rats with experimental acute myocardial infarction (AMI)[1]. Two different surgical techniques for creating an AMI in rats have been described in the medical science literature. Both techniques have four common steps: a lateral thoracotomy through the left fourth intercostal space, removal of the pericardium, permanent occlusion of the left anterior descending coronary artery (LADCA), and closure of the thorax. However, the techniques differ in terms of (a) the need for endotracheal intubation, (b) the type of ventilatory support, (c) the duration of the open-chest surgery, and (d) visualisation of the myocardial infarction after occlusion of the LADCA artery. The first technique, which was initially described by Johns & Olson[2], is simple, does not require sophisticated equipment, and is still widely used by other investigators[3-6]. In this technique, the animal can be nasally ventilated using a respirator because of the duration of open thorax is short, thereby eliminating the need for endotracheal intubation. In the second technique, which is also commonly used by investigators[1,7], the animals are obligatorily intubated and are mechanically ventilated in the positive end-expiratory pressure mode because the duration of open thorax is longer than that of the first technique. Other differences between the two techniques include the method of performing the thoracotomy and removing the pericardium in order to expose the heart, and the use of different methods and suture types for closing the open thorax.

  The aim of this study was to compare two different surgical methods for creating an AMI in order to generate rats with a left ventricular ejection fraction (LVEF) of less than 40%. The consequent on cardiac function in these rats was assessed using echocardiography.

   

  METHODS

  Animals

  This animal study and the procedures detailed herein were reviewed and approved by the Local Ethics Committee on Animal Research (Identification numbers: PUCPR 180 and 540). The study comprised 89 male 100-day-old albino Wistar rats (Rattus norvegicus) (mean weight 348.6 grams ±24.3 (standard deviation (SD)]. The rats were obtained from the central animal facility of the Pontifícia Universidade Católica do Paraná, Curitiba, Brazil, which has an in-house breeding programme. The rats were housed in open-top polypropylene cages (41cm x 34cm x 16cm (height)) in groups of three or four rats/cage in a temperature- (18-21C°) and humidity-controlled (55-65% relative humidity) environment with a 12-hour light-dark cycle, and had ad libitum access to a standard rodent chow (NUVITAL®, Colombo, Paraná, Brazil) and water. The bedding (pine wood shavings, Inbrasfama, São José dos Pinhais, Paraná, Brazil) in each cage was changed daily.

  A comparative experimental study was performed. After a 2-day acclimatization period, the rats were randomly divided by lot of cages into three groups according to the surgical procedure that they underwent. An AMI was created in 35 rats of the Group 1 (G1) and 40 rats of the Group 2 (G2) by two different surgical methods (see later). Group 3 (SHAM) comprised fourteen rats, used as control of the experiment, in which ones the AMI was not created. The methods of anaesthesia, thoracotomy, and exposure of the heart and LADCA in these fourteen SHAM rats were identical to those that were done in the G2 rats (see later). In the SHAM rats, the LADCA was not occluded after placing 4-0 silk thread around the exposed vessel. 

  Anaesthesia

  Full details of the anaesthetic protocols for the two groups of rats are presented in Table 1. For G1 rats, the rats were first pre-medicated by intraperitoneal (IP) injections of 1.25mg/kg diazepam (Valium®, 5 mg/ml, Teuto, Goiás, Brazil) and 12.5 mg/kg ketamine (Vetanarcol®, 50 mg/ml, Laboratórios König S.A., Avellaneda, Argentina), and an intramuscular (IM) injection of 5 mg/kg meperidine (Dolosal®, 50 mg/ml, Cristália, São Paulo, Brazil). Five minutes after the injections, anaesthesia was induced by ~4% halothane (Tanohalo®, Cristália, São Paulo, Brazil) in 100% oxygen in a glass induction chamber (Chiarorn, Brazil). Each rat was then endotracheally intubated, and their anaesthesia was maintained by ~2% halothane vaporized in 100% oxygen (~150 ml/minute) in a semi-closed breathing circuit. Halothane delivery to the anaesthetised rats was not continuous: it was stopped at the time of LADCA occlusion or when the rat was at the desired depth of anaesthesia. Each rat was mechanically ventilated using a ventilator (Harvard model 683 small animal ventilator, Harvard Apparatus, MA, USA), which was set 70-80 breaths/minute and a minute volume of 175-200 ml/min. 

  
    

    [image: Table 1. Details of the pre-medication and anaesthetic protocols and the peri-and post-operative medications of the two groups of rats in whom an acute myocardial infarction (AMI) was created]

  

  For G2 rats, different pre-medication and anaesthesia protocols were used because the duration of the surgery was shorter than that of the G1 rats. In this group, the rats were first pre-medicated by an IM injection of 5 mg/kg meperidine. Five minutes after the injection, anaesthesia was then induced by ~4% halothane in 100% oxygen in a glass induction chamber (Chiarorn. Brazil). The rats were not endotracheally intubated, and the anaesthesia was maintained by ~2% halothane in 100% oxygen (~350 ml/minute) using a facial mask. Halothane delivery to the anaesthetised rats was not continuous: it was stopped at the time of LADCA occlusion or when the rat was at the desired depth of anaesthesia. The rats were manually ventilated at ~70-80 breaths/minute and a minute volume of ~175-200 ml/min during the thoracotomy and in the immediate postoperative period using a nasal respirator that was adapted[7] (Figure 1).

  
    

    [image: Fig. 1 - Nasal respirator for manual ventilation of the G2 rats during the thoracotomy and occlusion of the left anterior descending branch of the left coronary artery]

  

  The body temperature of the rats during the surgery and while they recovered from anaesthesia was maintained by keeping them on a heated table (MASTER DIGITAL SA-300®, Ch@mpion/Electronics, France). Post-operative pain was relieved for 48 hours after surgery using flunixin and morphine, whose doses and route and frequency of administration are given in Table 1. Rats which developed adverse cardio-respiratory and renal effects following creation of the AMI were treated with atropine, furosemide, adrenaline, if necessary, and the specific details of each drug's dose and route of administration are also listed in Table 1.

  Surgical creation of an AMI

  Before surgery, the surgical site was prepared by presurgical shaving and skin antisepsis using 95% alcohol and 2% chlorhexidine gluconate. In the G1 rats, the thoracotomy was performed through the left fourth intercostal space after surgically separating the latissimus dorsi and pectoral muscles. The intercostal space was kept open using a 7-cm Alm self-retaining retractor in order to visualize the beating heart. The pericardium was then removed using a sterile flexible cotton-tipped rod. After exposing the heart, which was not exteriorized, the LADCA was first identified, and then occluded 2 mm from its origin between the left atrial edge and the pulmonary artery sulcus using 7-0 polypropylene thread. The thorax was then closed in two layers with simple interrupted 4-0 monofilament nylon sutures. 

  In the G2 rats, the latissimus dorsi and pectoral muscles were first separated prior to thoracotomy, which was performed through either the left fourth intercostal space. A continuous cotton thread was then placed around the surgical incision before opening the chest and exposing the heart in order to facilitate rapid closure of the open thorax immediately following occlusion of the LADCA (Figure 2). The thorax was opened using 16-cm thoracic Crile forcepsand in the sequence it was applied a lateral compression to the right thorax to physically tear the pericardium exteriorizing the heart. After exteriorizing the heart, the LADCA was occluded 2 mm from its origin by ligating the artery between the pulmonary artery and the left atrial auricle with 4-0 silk thread. Silk thread was used to occlude the artery because it has a higher tensile strength than 7-0 polypropylene thread, thereby making it less likely to break when occluding the artery. The entire procedure was rapidly performed in order to ensure a high survival rate of the rats. The thorax was closed immediately after occlusion of the LADCA. Each rat was returned to its home cage when it was fully recovered from the anaesthesia and surgery, and kept under the identical conditions that were described in the "Animals" subsection. 
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  Echocardiography

  Echocardiographic examination was performed by an experienced professional, without the knowledge of the groups formed. An echocardiographic examination of the fourteen SHAM rats and all surviving G1 and G2 rats was performed seven days after surgery. For this purpose, the rats were sedated by an IM injection of 50 mg/kg ketamine and 5mg/kg xylazine (Rompun®, 20 mg/ml, Bayer S.A., São Paulo, Brazil). When sedated, their thoracic hair was removed by shaving, and they were placed in the dorsal decubitus position with the body slightly inclined to the left. Two-dimensional transthoracic echocardiography was performed using a multi-frequency linear-array ultrasound transducer (15L6, bandwidth 15 MHz, Philips Ultrasound, USA) whose output was recorded on a Hewlett Packard Sonos 5500 Ultrasound System. Ejection fraction (LVEF), end systolic volume (ESV), end diastolic volume (EDV), end systolic area (ESA), and end diastolic area (EDA) of the left ventricle were determined from the images using Simpson's method[8]. The heart rate (HR) of these rats was simultaneously measured by an electrocardiograph that was incorporated into the ultrasound system. All echocardiographic measurements were performed using the same equipment and were repeated three times by the same examiner. The results are represented as the mean of three independent measurements. 

  After the echocardiographic examination, the rats were then returned to their home cages, where they were kept for thirty days under the identical conditions that were described in the "Animals" subsection. The rats were also followed-up daily for clinical signs of illness and behavioural problems, such as aggression or stereotypic behaviours. After 30 days, the rats were humanely killed without the presence of other rats by an overdose of halothane after being placed in the glass induction chamber that was used to induce anaesthesia. After confirmation of death, each rat was necropsied. 

  Histopathology of the hearts

  After euthanasia, the heart of each rat from the G1, G2, and SHAM groups was removed for histopathological analysis. For this purpose, the hearts were fixed in a 10% neutral buffered formalin solution (Biotec, Labmaster, Pinhais-PR) for 24 hours. Histological sections of the heart were prepared for haematoxylin and eosin (H&E) and Masson trichrome staining by standard procedures using a commercial kit (Easy Path®, Bio-Optica Milano S.P.A., Milan, Italy). Briefly, the formalin-maintained samples were washed in tap water, dehydrated using an ascending alcohol series, and then embedded in paraffin blocks. Sections (5-µm thick) were cut, mounted on glass slides, hydrated using distilled water, and then stained. H&E staining was performed in order to locate the infarction and Masson trichrome staining was used to assess collagen deposition in the infarct.

  Statistical analysis

  The echocardiographic measurements of all surviving G1 and G2 rats, whose LVEF was less than 40% and the rats SHAM group were compared and statistically analysed using a computerized statistical software programme (Prism version 5.0 for Windows, GraphPad Software Inc., CA, USA). 

  The normal distribution of the samples was assessed by the Kolmogorov-Smirnov test. Means of echocardiographic parameters as well as the duration of anesthesia and surgery were compared using the test of ONE-WAY (ANOVA) followed by Bonferroni test.

  The chi-square test for proportions was used to determine whether the mortality rates in the SHAM, G1 and G2 groups were different from each other. The Fisher exact test was used to determine differences in proportions between groups SHAM, G1 and G2 for the occurrence of LVEF less than 40%. 

  Data are presented as mean±SD, the level of statistical significance was set at 5% (α=0.05). 

   

  RESULTS

  The entire duration of anaesthesia and surgery was significantly longer (P<0.0001) in the G1 rats than in the G2 rats (Table 2). None of the fourteen SHAM rats died after surgery, and each SHAM rats had a LVEF that was greater than 40% (Table 2). Specifically, the values of the five echocardiographic measurements in these rats were 61.67±7.23% for LVEF, 0.59±0.07 ml for EDV, 0.23±0.05 ml for ESV, 1.09±0.08 cm2 for EDA, and 0.59±0.08 cm2 for ESA, statistically different in the G1 and G2 (Table 3).
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  Nineteen G1 rats (54.3%) and 20 G2 rats (50%) died during the first 24 hours after surgery, and the mortality rates in the two groups were not significantly different (Table 2).

  The propensity for complications during surgery, namely pulmonary atelectasis and haemorrhage, was higher in the G2 rats than in the G1 rats. In contrast, the propensity for post-operative complications, namely respiratory depression, heart failure, and pulmonary oedema, was higher in the G1 rats than in the G2. The main causes of death in the G1 and G2 rats were cardiac dilation, heart failure, and pulmonary oedema. Nine of the 16 surviving G1 rats (56.3%) and six of the 20 surviving G2 rats (30%) had a LVEF of less than 40%. The proportion of rats with a LVEF of less than 40% in the groups G1 and G2 was not significantly different from each other (P=0.176). The proportion of rats with LVEF less than 40% was significantly higher in G1 compared to SHAM group (P=0.014), but there was no difference in this rate between the G2 and SHAM group (P=0.0743), (Table 2). Overall, 25.7% of all G1 rats and 15% of all G2 rats had a LVEF of less than 40%. Table 3 shows the comparison of the means of echocardiographic measurements between the groups SHAM and G2, G1. The mean values of each echocardiographic measurement in the nine G1 rats were not significantly different from those in the six G2 rats.

  Histopathological analysis of hearts from the ten SHAM rats revealed preserved cardiac muscle tissue (Figure 3). Histological analysis of hearts from both the G1 and G2 rats revealed the presence of an organized transmural infarct with fibrosis and intense collagen deposits in the free wall of the left ventricle (Figure 3). 

  
    

    [image: Fig. 3 - Panoramic photomicrographs of the cross-sections of the heart from a SHAM rat (A), a G1 rat (B), and a G2 rat (C)]

  

   

  DISCUSSION

  The mortality rate in the G1 and G2 during the first 24 hours following surgery in this study was between 50-55%, and this rate is similar to that reported (40-65%) in other studies[3,9]. Zomoff et al.[10] reported that the cardiac remodelling that occurs after AMI is associated with a high prevalence of cardiac rupture, arrhythmias, and the formation of aneurysms. Other investigators have reported that arrhythmias, such as sustained ventricular tachycardia and ventricular fibrillation, are the principal cause of death in rats with an experimentally-induced AMI[9,11]. 

  Although there was no statistical difference between groups, we found that the number of G1 rats with a LVEF of less than 40% was greater than found in the group G2. We attribute this increased to the duration of the surgical procedure that was used to create the AMI. The resultant number of rats with a LVEF of less than 40% is also determined by several intrinsic and extrinsic factors. The intrinsic determinants include the rat's age and lineage, individual variations in the anatomy of the coronary artery, and individual physiological factors. On the age of the rat, spontaneous improvement in systolic function and ventricular volume can occur within 30 days after creation of an AMI in young rats[12]. Hence, adult rats whose ages of the approximately 150 days and have a body weight of approximately 350 grams are preferred for creating the experimental AMI[12]. The extrinsic determinants include the site of the occlusion, which is dependent of the surgeon's experience and skill in occluding the LADCA. If the LADCA is occluded close to its origin, the size of the infarct will be large and the mortality rate can be as high as 100%[13]. 

  Kissin et al.[14] has also reported that the prolonged duration (three hours) of halothane-induced anaesthesia can influence the onset of postoperative deleterious effects and could cause postoperative death in rats with an experimentally-induced AMI. Specifically, they showed that increasing the duration of halothane anaesthesia after creation of the AMI causes prolonged hypotension and increases the size of the myocardial infarction. Then, it is possible that, beyond the surgery, the duration of halothane-induced anaesthesia accounted for the higher propensity for a severe left ventricular dysfunction in the G1 rats than in the G2 rats. However, in a mild form, as in this study the difference in anaesthesia time between groups was only nine minutes.

  In our study, histopathological examination of the hearts of all rats with a LVEF of less than 40% revealed that these hearts had histopathological characteristics that were similar to those that have been reported by others[3,4]. Specifically, we found that the infarcted hearts were dilated, and this dilation was associated with a reduced thickness of the free wall of the left ventricle with intense collagen deposits. According to Fishbein et al.[4], these cardiac alterations in the G1 and G2 rats probably occur about 21 days after creation of the experimental AMI. Consequently, cardiac muscle tissue loss results in a decrease in LVEF with an increase in end systolic and end diastolic volume of the left ventricle. This process results in ventricular dilatation and an increase in diastolic tension[10,12]. We found no significant differences in the echocardiographic measurements of the G1 and G2 rats whose LVEF were less than 40%.

  However, when comparing the two surgical techniques for creating the AMI, the technique that was used in the G2 rats is more advantageous than that used in the G1 rats in terms of (a) the duration of the surgical procedure, (b) the need for specific rodent equipment or instrumentation, (c) the healing process, as measured by the low incidence of suture breakdown, and the reduced time of the complete closure of the surgical wound and removal of the sutures, and (d) the extent of acoustic shadowing in the echocardiographic evaluation. Nonetheless, the surgical technique that was used for creating the AMI in the G1 rats does have some advantages over that used for creating the AMI in the G2 rats. Firstly, the rate of operative complications, such as the frequency of pulmonary atelectasis and haemorrhage, is lower. Secondly, the use of a flexible cotton-tipped rod enables easier removal of the pericardium. Thirdly, the risk of cardiac rupture is lower because the heart is not exteriorized as in the G1. Finally, the duration of the open thorax is longer, which reduces the time pressure on the surgeon. 

  Our study has several limitations. The techniques showed are the most practiced, but the low rate of severely infarcted rats remains a limitation of this experimental model. Due to this limitation, the power of the statistical test used to analyze the proportion of LVEF less than 40% between the groups was low (0.35). To increase the power of the test, we would have a greater number of samples in each group, making the statistical results of this analysis more reliable, but for ethical reasons this was not done. A second limitation of our study was the necessity of sedate the rats with ketamine and xylazine for echocardiographic examination. This sedative mixture not only affects the HR, but also decreases cardiac contractility[15]. Although the doses of ketamine and xylazine were identical for all rats, we used minimal doses in order to immobilize the rats for the examination. Echocardiographic measurements were also performed in the fourteen SHAM rats, which were also sedated by the identical doses of ketamine and xylazine. We found that the values of these measurements were higher than those in the rats with an AMI. Accordingly, we concluded that the changes in the echocardiographic measurements that were found in the rats with an AMI are due to the presence of the AMI and not to the sedatives. 

   

  CONCLUSION

  Both surgical techniques can be used to create an AMI in order to generate rats with a LVEF of less than 40%. However, our results indicate a tendency of the technique used G1 to be better than G2. This improvement is probably due to the greater duration of the open thorax, which reduces the time pressure on the surgeon, allowing a LADCA occlusion with greater accuracy. 
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    ABSTRACT

    INTRODUCTION: Coronary artery bypass grafting is a safe procedure performed worldwide with low rates of mortality and morbidity in general population. 

    OBJECTIVE: To investigate risk factors for mortality of patients undergoing coronary artery bypass grafting coronary artery bypass grafting surgery. 

    METHODS: A total of 1,628 consecutive patients undergoing on-pump coronary artery bypass grafting were retrospectively studied from December 1999 to February 2012. Data analysis involved paired Student t test, Mann-Whitney test and Fisher's exact test for the categorical data. Logistic regression, Odds Ratio and 95%CI were used for definition of risk factors for mortality. 

    RESULTS: Of a total of 1,628 patients undergoing on-pump coronary artery bypass grafting, 141 (8.7%) died. The following risk factors for mortality were identified after logistic regression: dialysis (OR=7.61; 95%CI 3.58-16.20), neurologic dysfunction type I (OR=4.42; 95%CI 2.48-7.81), use of IABP (OR=3.38; 95%CI 1.98-5.79), cardiopulmonary bypass time (OR=3.09; 95%CI 2.04-4.68), serum creatinine on admission and peak values > 0.4mg/dL (OR=2.67; 95%CI 1.79-4.00), age > 65 years (OR=2.31; 95%CI 1.55-3.44), and time between hospital admission and and surgical procedure (OR=1.53; 95%CI 1.03-2.27). 

    CONCLUSION: Dialysis, type I neurologic dysfunction, use of IABP, cardiopulmonary bypass time (> 115 minutes), serum creatinine on admission and peak values>0.4mg/dL, age > 65 years and time between hospital admission and surgical procedure were considered as risk factors for mortality in patients undergoing on-pump coronary artery bypass grafting surgery.

    Descriptors: Risk Factors. Myocardial Revascularization. Mortality.

  

   

   

  INTRODUCTION

  Cardiovascular diseases are the leading causes of death in the population, including cerebrovascular, cardiac ischemic, hypertensive diseases, atherosclerosis, rheumatic fever and other heart diseases. According to the World Health Organization data in 2008 there were 17.3 million deaths worldwide[1], and 7.3 million were due to coronary artery disease (CAD)[2]. In Brazil, in 2009 totaled 209,029 admissions for CHD patients, occurring 12,619 deaths with a mortality rate of 6.04%[3].

  The treatment of CAD may be clinical/medical or surgical. Despite advances in medical therapy and PCI, coronary artery bypass grafting (CABG) is a safe procedure performed worldwide with low rates of mortality and morbidity in the general population[4] and it is still excellent option for treatment of obstructive CAD[5], even in diabetic patients[6], the elderly[7] and in patients with low left ventricular ejection fraction[8]. In addition, the CABG can control the persistent ischemia and progression to acute myocardial infarction, in addition to provide symptomatic relief and prevent ischemic complications[9].

  The CABG is the most practiced cardiac surgery in our country, most of which performed by Unified Health System (SUS) both in public hospitals as in philanthropic or private [10]. In the period 2005 to 2007 63,272 CABG were performed in Brazil, with a mortality rate of 6.2%[10] higher than in countries like the United States (2.9%)[11] and Canada (1.7%) [12], probably due to the high prevalence of cardiovascular risk factors among Brazilian who underwent CABG[13]. Currently, there is a higher prevalence of poor cardiac conditions and associated comorbidities[14].

  The CABG mortality rate may have variation depending on several factors related to pre-, peri- and postoperative. Postoperative variables as length of stay in intensive care unit, atrial fibrillation, acute kidney injury, neurological damage type I and dialysis are related to increased postoperative mortality[14-17].

  Considering the importance of CABG in the correction of myocardial ischemia consequent to the obstruction of the coronary arteries, seeking for the relief of symptoms, improved quality of life, patient return to work, as well as increased life expectancy, we can justify this research, because long-term studies on preoperative, intraoperative and postoperative that can influence the mortality of patients undergoing CABG with CPB are scarce. Furthermore, it is important to note that all cardiac surgeries were performed by the same team and in a university hospital, with medical residency program in cardiovascular surgery.

  The aim of this research was to study risk factors for mortality in the postoperative period in patients undergoing coronary artery bypass grafting with cardiopulmonary bypass (CPB), considering preoperative, intraoperative and postoperative variables and its influence on mortality.

   

  METHODS

  1,674 patients undergoing cardiac surgery for coronary artery bypass grafting with cardiopulmonary bypass (CPB) were retrospectively and consecutively studied, regardless of gender and race at Hospital de Base (HB), São José do Rio Preto, from December/1999 to February/2012. This study was approved by the Research Ethics Committee under opinion 454,518 of 11/12/2013.

  Of these, 46 (2.7%) were excluded because of failure in the information record in their forms. Patient data were reviewed prospectively by collecting in computerized system.

  Were considered as exclusion criteria patients undergoing OPCAB or associated with other cardiac surgery (valvular, ventricular aneurysms, acquired ventricular septal defects, congenital heart diseases) or vascular, in addition to CABG and who died during the intraoperative period.

  Data from each patient were obtained in perfusion records of Cardiac Surgery Service of Hospital de Base, including demographic or non-cardiac variables such as gender, age and body mass index (BMI), whereas cardiac variables included time between hospital admission and surgery, use of intra-aortic balloon (IAB), cardiopulmonary bypass (CPB) time, total number of grafts, acute atrial fibrillation, respiratory infections, creatinine peak-admission (mg/dL), dialysis, deep surgical site infection (mediastinitis), neurological damage type I, length of stay in the coronary unit up to 30 days and 30-day mortality.

  Were defined as postoperative variables:

  Creatinine peak-admission (mg/dL): change in serum creatinine defined as the difference between admission creatinine in the Intensive Care Unit (ICU) and the highest value obtained during the stay on this unit.

  Cardiac arrhythmias: acute atrial fibrillation lasting longer than 1 hour.

  Pulmonary complications: tracheal reintubation due to respiratory failure due to mechanical changes of the ventilation or respiratory infection.

  Mediastinitis: mediastinal secretion associated with clinical signs (fever, chest pain) and laboratory (leukocytosis) of infection with or without sternal instability and with secretions culture and positive blood culture. Type I neurological lesion: new and persistent deficit focal motor, coma, seizures or brain damage.

  Deaths: mortality from all causes within 30 days.

  Statistical Analysis

  The data were submitted to normality Kolmogorov-Smirnov test and, subsequently, the parametric analysis by the Student t test or unpaired nonparametric Mann-Whitney test and Fisher's exact test for categorical data. Numerical variables were submitted to the ROC curve for definition of the cutoff point of each in relation to death in the postoperative period. Logistic regression, odds ratio (OR) and 95% CI were used to define risk factors for mortality in the postoperative period. For other tests, P<0.05 was considered significant. We used the program of statistical calculations GraphPad InStat version 3.00 (GraphPad Software, San Diego, California, United States).

   

  RESULTS

  The results for the preoperative, intraoperative and postoperative variables found in patients undergoing on-pump CABG (n=1,628) are in Tables 1 and 2. The most common included males (69.1%), pulmonary complications (14.4%), acute atrial fibrillation (8.7%) and use of intra-aortic balloon (7%).

  
    

    [image: Table 1. Descriptive statistics for pre-, intra- and postoperative variables in patients undergoing CABG from December/1999 to February/2012 (n=1.628)]
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  Analytical Variables in Patients who died

  Of the 1,628 patients undergoing CABG with CPB, 141 (8.7%) died. The results for the preoperative, intraoperative and postoperative found in these patients are shown in Tables 3 and 4. The main were male (67%), pulmonary complications (40%), use of intra-aortic balloon (21%) and neurological damage type I (19%).
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  Variables influencing the mortality

  The results of the ROC curve for age, time between hospital admission and surgery, creatinine peak-admission and CPB time are shown in Figure 1.
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  Age (years) showed cutoff value of 65.128, sensitivity 54%, specificity 69%, and area under the curve of 0.670 (95% CI 0.620 to 0.721).

  With respect to the time between hospital admission and surgery (days) the cutoff value was 5.016, sensitivity 54%, specificity of 59% and area under the curve of 0.558 (95% CI 0.506 to 0.609).

  The change in creatinine peak-admission (mg/dL) showed cutoff of 0.400, sensitivity 57%, specificity 82%, and area under the curve of 0.682 (95% CI 0.631 to 0.732).

  The CPB time (min) showed cutoff value of 115.18, sensitivity 38%, specificity of 84% and area under the curve of 0.640 (95% CI 0.589 to 0.691).

  Analyzing risk factors for mortality in patients undergoing CABG with CPB (Table 5), it was observed that the relative risk of patients who used BIA go to death is 238% higher than those who did not need that type of device for ventricular assistance (OR=3.38, 95% CI 1.98 to 5.79; P<0.0001).
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  Regarding the need for dialysis, the relative risk of death in patients in need of such treatment in the postoperative period is 661% higher than those not undergoing dialysis (OR=7.61, 95% CI 3.58 to 16.20; P<0.0001).

  In patients with neurological injury type I, the relative possibility of death is 342% higher than those without such lesions (OR=4.42, 95% CI 2.48 to 7.81; P<0.0001).

  Considering the age of the patients, the relative chance of subjects > 65 years to die is 131% higher than those <65 years (OR=2.31, 95% CI 1.55 to 3.44; P<0.0001).

  The analysis of time between hospital admission and surgery showed that the relative risk of death is 53% higher than when this time was > 5 days (OR=1.53, 95% CI 1.03 to 2.27; P=0.0352).

  Regarding change in serum creatinine (peak-admission), the relative risk of death is 167% higher when this variation is >0.4 mg/dL (OR=2.67, 95% CI 1.79 to 4.00; P<0.001).

  As for the CPB time, the relative risk of death is 209% higher when it is above 115 minutes (OR=3.09, 95% CI 2.04 to 4.68; P<0.001).

   

  DISCUSSION

  This study identified seven risk factors for mortality in patients undergoing coronary artery bypass grafting with cardiopulmonary bypass. In patients who died, the most common variables included male, pulmonary complications, use of intra-aortic balloon and type I neurological lesion. After logistic regression, risk factors for mortality were as follows: dialysis (OR=7.61 ), neurological damage type I (OR=4.42), use of intra-aortic balloon (OR=3.38), cardiopulmonary bypass time (OR=3.09), creatinine peak - Intake> 0.4 mg/dL (OR=2.67), age> 65 years (OR=2.31) and time between hospital admission and surgery (OR=1.53).

  In this research, the mortality rate was 8.7%, close to that recorded by DATASUS for CABG, or that is, 7%[18]. In the period 2005-2007, Piegas et al.[10] analyzed 63,272 CABG surgeries performed in 191 hospitals and found that the mortality rate was 6.2%. Cadore et al.[14], investigating 2,809 patients undergoing CABG alone or combined with valve replacement reported that the mortality rate was 10%. It is noteworthy that the performance of combined surgery increases the risk of mortality.

  These mortality rates are higher than in countries like the United States (2.9%)[11] and Canada (1.7%)[12], possibly due to the high prevalence of cardiovascular risk factors among Brazilian who underwent CABG[13]. On the other hand, the comparison of surgical results in national centers for European and North American centers is inadequate, because both the registration of the Society of Thoracic Surgeons (STS) as the UK Cardiac Surgical Register are volunteers, while DATASUS is administrative.

  In this study, the peak-admission creatinine > 0.4 mg/dL was considered a risk factor for death. This finding was similar to that found by Machado et al.[15] who studied 817 patients with acute kidney injury (AKI), and found that the creatinine peak-admission >0.3 mg/dl was an independent predictor of death in 30 days after on-pump CABG. However, these authors used the criterion proposed by Acute Kidney Injury Network (AKIN) classification, or that is, percentage increase (> 50%) or absolute (> 0.3 mg/dL) of serum creatinine characterizes AKI. In this research, the value of creatinine peak-admission > 0.4 mg/dL was considered as the cutoff point for death by the ROC curve.

  The assessment of renal function by serum creatinine in patients undergoing CABG with CPB is essential because even a subclinical increase is considered independent predictor of death within 30 days after CABG in patients with normal renal function or preoperative renal injury[19]. In addition, AKI after CABG is common complication that increases the length of hospital stay and ICU and is associated with high morbidity and mortality rates[16,20] with prognostic importance.

  Of the 1,628 patients undergoing CABG with CPB, 40 (2.5%) required dialysis postoperatively. The need for dialysis is observed in up to 30.6% of cases[16,20,21]. Yehia et al.[21], assessing 104 patients undergoing CABG, found that 41.3% of them developed AKI after surgery, requiring dialysis in up to 9.6%, mainly in those with preoperative renal injury. Santos et al.[16] found that of 223 patients undergoing CABG with CPB, dialysis was required in 4.9% of them.

  In this series, of 40 patients requiring dialysis postoperatively, 23 (57.5%) died, close to the mortality rate recorded by Santos et al.[16] and Chertow et al.[20] 63 6% (n=223) and 63.7% (n=460), respectively. Despite this proximity, the comparison between the studies is complex because it is related to the number and characteristics of hospitals involved in each study, patient profiles and sample size.

  The relative risk of death in patients requiring dialysis postoperatively was significantly higher (OR=7.61, 95% CI 3.58 to 16.20; P<0.0001). This finding is consistent with the literature. According Chertow et al.[20] the need for dialysis increases by 7.9 times the odds ratio of death among these patients. When there is severe renal injury enough to require dialysis, a sharp increase in mortality occurs[20]. Therefore, the identification of preoperative risk factors for AKI may contribute to the use of preventive strategies to minimize risk and improve treatment of this injury.

  In this series, age> 65 years was considered a risk factor for mortality. This finding was similar to that found by Rocha et al.[22] in patients aged > 70 years. Naughton et al.[23] studied 3,683 patients undergoing CABG and found that age > 75 years was an independent risk factor for mortality within 30 days. However, Aikawa et al.[4] investigating the impact of CABG on 253 elderly patients, found that age > 65 years was not associated with death variable.

  Considering the increased prevalence of CAD with age[24], it is possible that an increasing number of elderly patients are candidates to CABG in the coming years. Therefore, a careful assessment of cardiac and non-cardiac variables during pre-, intra- and post-operative patients over 65 years is necessary because age can be associated with other severe comorbidities such as renal and neurological injuries in the postoperative period.

  In this study, the CPB time was identified as a risk factor for mortality. The average time in patients undergoing CABG was 94.4 min. In the literature, this time varies from 65.8 to 120 min[13,16,24]. In patients who died, the mean CPB time was higher (118.58 min), confirming the findings of Oliveira et al.[13].

  The relative risk of death is 209% higher when the CPB time is higher than 115 minutes (OR=3.09, 95% CI 2.04 to 4.68; P <0.001). A major concern related to cardiopulmonary bypass is systemic inflammatory response syndrome (SIRS), characterized by clinical changes in ventricular function, lung and kidney, coagulation disorders, susceptibility to infections, abnormal vascular permeability and fluid accumulation in the interstitium, leukocytosis, vasoconstriction and hemolysis[25]. It is noteworthy that despite these changes, the body's ability to reverse this situation, and the use of corticosteroids, an effective alternative in reducing the systemic effects caused by the release of cytokines during and after CPB[26], can reduce morbidity and mortality rate.

  On the other hand, the CPB substitutes the cardiopulmonary functions, seeks to maintain cell integrity, structure, function and metabolism of organs and individual systems, enabling more complex and longer surgeries[27] such as coronary artery bypass grafting.

  In this study, the patients studied (n=1,628) 4.4% had neurological damage type I. This finding was consistent with the two largest series in the literature that assessed more than 16,000 patients undergoing CABG with incidences of 2 to 4.6%[28,29]. In our country, Guaragna et al.[17] assessing 1,760 patients undergoing CABG with CPB found this lesion in 3% of them.

  Among the patients who died (n=141), 19% had neurological injury type I. This result is consistent with previous studies that showed high mortality (13-41%) in patients who have had this injury after CABG[30].

  The relative risk of death in patients with type I neurological injury postoperatively was significantly higher (OR=4.42, 95% CI 2.48 to 7.81; P<0.0001). This finding was similar to that observed by Guaragna et al.[17], and the relative risk of death was 4.6 times higher in patients with this injury. Considering the severity of this type of injury in postoperative patients undergoing CABG with CPB, some preventive measures can be adopted as an individualized management strategy for patients with previous cerebrovascular disease, including minimal manipulation of the aorta and maintenance of the highest pressure gradient during CPB.

  Among the 141 patients undergoing CABG with CPB who died, 21% of them used intra-aortic balloon. This rate was consistent with the literature. In a review of 27 years of IAB use by the Massachusetts General Hospital, mortality among patients who received IAB ranged from 13.6 to 35%[31].

  According to Christenson et al.[32], the preoperative prophylactic use of IAB has great value to prevent trans- and postoperative complications. In this sample, the relative likelihood of patients who used this type of device for ventricular assistance to die was significantly high. The use of IAB is related to the existence of low left ventricular ejection fraction and or severe coronary lesions, indicating poor heart condition, which can increase morbidity and mortality rate in patients undergoing CABG with CPB.

  In patients who died, the median time between hospital admission and surgery was 6 days. Oliveira et al.[13] found that mortality was higher among patients with time of preoperative stay less than 3 days.

  Importantly, the hospital stay before surgery may be related to the clinical severity, suggesting an advanced degree of coronary involvement that may result in increased morbidity and mortality rate in the postoperative period.

  As limitations of the study we should mention that it is not randomized. In addition, the influence of preoperative, intraoperative and postoperative mortality of patients undergoing CABG with CPB needs more long-term scientific research. The clinical importance of the results obtained herein reinforces the multidisciplinary approach in patients undergoing coronary artery bypass grafting, especially in the postoperative period.

  The identification of risk factors for mortality is critical, since this knowledge can support interventions aimed at the planning and execution of new preventive strategies, and minimizing the complications associated with this surgery. This information may also be used as an important care quality indicator in the postoperative period, in this case provided by SUS.

   

  CONCLUSION

  In patients undergoing coronary artery bypass grafting with cardiopulmonary bypass who died, the more frequent preoperative, intraoperative and postoperative variable were male, pulmonary complications, use of intra-aortic balloon and neurological damage type I.

  Dialysis, neurological damage type I, use of intra-aortic balloon, CPB time (> 115 minutes), creatinine peak-admission> 0.4 mg/dL, age> 65 years and time between hospital admission and surgery were identified as risk factors for mortality in the postoperative period.
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    ABSTRACT

    INTRODUCTION: Ischemic postconditioning has been recognized as effective in the prevention of reperfusion injury in situations of ischemia and reperfusion in various organs and tissues. However, it remains unclear what would be the best way to accomplish it, since studies show great variation in the method of their application.

    OBJECTIVE: To assess the protective effect of ischemic post-conditioning on ischemia and reperfusion in rats undergoing five alternating cycles of reperfusion and ischemia of 30 seconds each one.

    METHODS: We studied 25 Wistar rats distributed in three groups: group A (10 rats), which underwent mesenteric ischemia (30 minutes) and reperfusion (60 minutes); Group B (10 rats), undergoing ischemia (30 minutes) and reperfusion (60 minutes), intercalated by postconditioning (5 alternating cycles of reperfusion and ischemia of 30 seconds each one); and group C - SHAM (5 rats), undergoing only laparotomy and manipulation of mesenteric artery. All animals underwent resection of an ileum segment for histological analysis.

    RESULTS: The mean lesions degree according to Chiu et al. were: group A, 2.77, group B, 2.67 and group C, 0.12. There was no difference between groups A and B (P>0.05).

    CONCLUSION: Ischemic postconditioning was not able to minimize or prevent the intestinal tissue injury in rats undergoing ischemia and reperfusion process when used five cycles lasting 30 seconds each one.

    Descriptors: Ischemia. Reperfusion Injury. Ischemic Postconditioning. Mesenteric Vascular Occlusion. Rats.

  

   

   

  INTRODUCTION

  Since 1986, when Parks & Granger[1] demonstrated the harmful effects of toxic reactive oxygen species (ROS) produced during reperfusion, much research has been developed in search of an experimental model that could minimize this process in order to reduce cell and organ ischemia and reperfusion damage[2,3].

  With the acquired knowledge on the pathophysiology of this process seems to be the way to complement reperfusion techniques already developed, such as ischemic preconditioning (IPr) - consisting of short and repeated episodes of ischemia before the ischemic event itself, and ischemic postconditioning (IPo) - consisting of short and repeated episodes of reperfusion, post-ischemia established, and prior to reperfusion period. But unfortunately they did not alter significantly the mortality of mesenteric ischemia.

  The process of ischemia has been studied for many years and the knowledge on pathophysiology still faces some dilemmas. It is known that in any situation of ischemia, reperfusion also occurs, which is an important factor in the deterioration of the clinical picture, leading to local and systemic damage due to predisposition to the formation of oxygen free radicals and other substances responsible for the direct tissue damage, proven by Parks & Granger[1].

  Probably, the best results previously published in controlling the production of ROS were obtained with the IPr, as numerous publications that followed Murry et al.[4], including ischemia and reperfusion. However, little practical and clinically applicable to situations in IPr, for example, acute abdomen, mesenteric vascular ischemia, since the time of diagnosis, there is already ischemia. It is for this reason that the IPo has increased interest in this aspect, since, if proven its effectiveness there were many clinical situations with the possibility of applying this method.

  Some intestinal surgeries, especially resection and transplantation are usually held by temporary occlusion of mesenteric vessels to prevent bleeding.

  This knowledge has led many researchers to develop a method to minimize the damage caused by reperfusion.

  In 2003, Zhao et al.[2] presented the concept of ischemic postconditioning (IPo), which consists in performing one or more short cycles of reperfusion followed by one or more short cycles of ischemia, immediately after the ischemic phase and before establishment of permanent reperfusion.

  In an experimental model, there is already evidence of a protective effect of IPo on the intestinal mucosa of rats undergoing mesenteric ischemia and reperfusion[5]. And recently, IPo was able to minimize the severity of liver injury in rats undergoing ischemia and reperfusion through 3 cycles of ischemia and reperfusion of two minutes[6].

  Several published experiments analyzed the effects of IPo in other organs and tissues, among them we can mention Darling et al.[7] in which the IPo was able to minimize the area of myocardial infarction in rabbits; Tang et al.[8] demonstrated the effectiveness of IPo in the prevention of coronary lesions resulting from the ischemia and reperfusion in rats, since the ischemia time did not exceed 45 minutes; Huang et al.[3] have shown that the IPo was preventing tissue damage in the spinal cord of rats subjected to ischemia and reperfusion; Santos et al.[9] showed that the ICRP and IPo was able to minimize tissue injury in the intestinal mucosa of rats undergoing ischemia and reperfusion process.

  However, Bretz et al.[10] in 2010, published a study in rabbits, showing that postconditioning performed with four cycles of 30 seconds reperfusion and 30 seconds of reocclusion during the initial four minutes of reperfusion, showed no statistical significance on degree of necrosis of the intestinal mucosa.

  Thus, although there is much evidence of the effectiveness of IPo, it is not yet determined what would be the best method of developing it, how many cycles, the duration of each cycle, if there are differences when used for bowel or other organs, etc.

  Thus, considering the current evidence of the value of IPo to minimize tissue damage resulting from ischemia and reperfusion, it becomes of paramount importance, and the aim of this study was to assess the effectiveness of IPo accomplished through five cycles of ischemia and reperfusion with five short cycles of ischemia and reperfusion.

  Objective

  To assess the protective effect of IPo on ischemia and reperfusion in rats by five alternating cycles of 30 seconds of reperfusion and 30 seconds of ischemia.

   

  METHODS

  The study was approved by the Ethics Committee on Animal Experimentation of the Federal University of Mato Grosso do Sul and was based on ethical principles defended by the Brazilian College of Animal Experimentation.

  Animals Studied

  Twenty-five rats (Rattus norvegicus) of Wistar lineage, adults, males, weighing 270-350 grams, with an average of 305 grams, from the vivarium of the Federal University of Mato Grosso do Sul. The rats were housed individually in cages where temperatures were maintained between 21ºC and 24ºC, with automatic alternation of light and dark periods of 12 hours, and received diet and water ad libitum.

  Constituted groups

   The animals were distributed into three groups:   Ischemia-reperfusion (IR) group, with 10 animals, undergoing 30 minutes of ischemia and 60 minutes of reperfusion; group Ischemic postconditioning (IPo), with 10 animals, in which were performed five cycles of 30 seconds of reperfusion inserted by five cycles of 30 seconds of ischemia, immediately after ischemia period (30 minutes) and before reperfusion (60 minutes); and control group (SHAM), with five animals. They had undergone only laparotomy and manipulation of mesenteric cranial artery.

  Anesthesia

  The animals were weighed on an electronic precision balance and anesthetized with an intraperitoneal injection of 2:1 solution of Hydrochloride of Ketamine (Cetamin®), 50 mg/ml, and Hydrochloride of Xylazine (Xilazin®) 20mg/ml, respectively, at a dose of 0.1ml/100g.

  Surgical procedure

  After anesthetization, it was performed the trichotomy and placement of the animal on the operating table in the supine position, with all four members in abduction. The rats underwent midline longitudinal laparotomy of approximately four centimeters, exteriorization of the small intestine, identification and dissection of the cranial mesenteric artery. In the IR group, the cranial mesenteric artery was occluded by atraumatic vascular clamp that remained for 30 minutes (ischemic phase). After placement of the clamp, the small intestine was repositioned in the abdominal cavity and the wound closed with continuous skin suture with 4-0 monofilament nylon suture (mononylon®).

  After the ischemic phase, the abdominal wall was opened again by removing the suture and the vascular clamp was removed too, initiating reperfusion phase, lasting 60 minutes. The abdomen was closed again by continuous skin suture until the end of the experiment (Figure 1). In IPo group, there was a phase of ischemia (30 minutes) and reperfusion (60 minutes). Preceding the reperfusion, ischemic postconditioning was then performed by five cycles of reperfusion (removal of atraumatic vascular clamp of the cranial mesenteric artery) lasting 30 seconds each one, interspersed by with five cycles of ischemia (re-occlusion of the cranial mesenteric artery by atraumatic vascular clamp), also lasting 30 seconds each one (Figure 1).

  
    

    [image: Fig. 1 - Schematic figure showing the times of ischemia and reperfusion in both groups]

  

  After completing the reperfusion in both groups, the abdominal wall was opened again by removing the suture and a segment of 1cm of ileum was resected, five centimeters proximal to ileum-cecal valve, for subsequent histological analysis and classification according to Chiu et al.[11].

  In the SHAM group, it was performed only incision of the abdominal wall, bowel exposure, followed by its closure by continuous skin suture with 4-0 nylon. Ninety minutes later it was resected a segment of ileum, as explained above.

  All the animals were euthanized by anesthetic depth.

  Histopathological study

  The resected bowel segments, after fixation in formaldehyde solution 10%, were submitted to histological processing (hematoxylin-eosin) and examined under light microscopy by a pathologist without prior knowledge about this group within each rat, and were classified according to the degree of tissue injury second Chiu et al.[11].

  • Grade 0: no mucosal changes.

  • Grade 1: well-formed villi without cell lysis or inflammatory process, however, with formation of Grünhagen subepithelial space.

  • Grade 2: presence of cell lysis, formation of Grünhagen subepithelial space and increased spacing between the villi.

  • Grade 3: destruction of the free portion of the villi, presence of dilated capillaries and inflammatory cells.

  • Grade 4: structural destruction of the villi, with only some outline, formed by inflammatory cells and necrotic material, with hemorrhage and basal glandular ulceration.

  • Grade 5: destruction of the entire mucosa, no longer any glandular structure was observed, but only amorphous material deposited on the submucosa.

  Statistical Analysis

  The results were analyzed statistically by applying the non-parametric Kruskal-Wallis test, considering significant level of P<0.05. The BioStat 5.4 software was used.

   

  RESULTS

  After histological analysis of the injury degree of the intestinal mucosa according Chiu et al.[11], we have found the following results (Table 1 and Figure 2).
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  DISCUSSION

  The protective mechanism of IPo in ischemia and reperfusion process is still not entirely clear, but there is evidence that IPo may be related to a significant decrease in the levels of malondialdehyde and products related to lipid peroxidation. These observations suggest a reduction in the production of ROS and less injury mediated by oxidants with IPo[1-9].

  The peak production of ROS occurs between the first and seventh minutes after the beginning of reperfusion, although these substances are detectable in later periods. An abundant production of ROS during this initial phase of reperfusion has been implicated as the primary factor in the pathogenesis of tissue injury[12]. The IPo acts at this stage, probably reducing the production of ROS by the gradual release of oxygen to tissue[13].

  Santos et al.[14] proposed IPo evaluation using cycles of mesenteric ischemia and reperfusion (three alternate cycles of two minutes each one) after 30 minutes of ischemia and preceding 60 minutes of reperfusion. The results showed a protective effect of IPo.

  However, in 2010, Bretz et al.[10] published a study which aim was to determine whether IPo could actually mitigate the injury caused by ischemia and reperfusion process. Six rabbits were distributed into control, IR and IPo groups. Ischemia was induced for 45 minutes of occlusion of the segment of jejunal artery, followed by two hours of reperfusion. The IPo was performed with four cycles of 30 seconds of reperfusion and 30 seconds of reocclusion during the initial four minutes of reperfusion. The histopathological evaluation was performed by a single observer and there was no significant difference in necrosis degree between the groups[10]. We have to keep in mind the small sample of this research. Despite this, it was the first publication demonstrating a bad result of IPo before our study.

  Common among these publications, we can observe that the cycle duration of IPo is shorter than most of the articles[15]. It could be the reason of IPo doesn't work against reperfusion lesion, and we need more researches observing the cycles duration to prove this hypothesis.

  However, recently Rosero et al.[16] had shown a different result. They had realized three different protocols of postconditioning in rats undergoing mesenteric ischemia and reperfusion, and had observed that shorter cycles offered better protection against reperfusion lesion. Despite this confrontable result, the ischemia period utilized was 60 minutes, different of our period, with 30 minutes. That's the biggest problem when we analyzed the literature: a great variation of methods of development of ischemia, reperfusion and postconditioning, hindering a confrontation of existing articles.

  Sengui et al.[17] also demonstrated better result with short cycles of postconditioning. They had utilized three and six cycles of IPo in rats submitted to mesenteric ischemia and reperfusion and obtained better result with six cycles, but both were better than control group. Again we have to observe that they utilized different periods of ischemia and reperfusion when compared with our research (30 minutes of ischemia, 120 minutes of reperfusion).

  Postconditioning had also shown effectiveness in other experimental models of ischemia and reperfusion, like spinal cord[18], kidney[19] and brain[20]. It was also analyzed in humans. Staat et al.[21] reported its beneficial effect by performing intermittent reperfusion during angioplasty in patients with acute myocardial infarction, having observed reduction in myocardial injury. Loukogeorgakis et al.[22] performed an experimental study in humans that caused transient upper limb ischemia followed by reperfusion, also observing protective effect of IPo.

   

  CONCLUSION

  Ischemic postconditioning was not able to minimize or prevent the intestinal tissue injury in rats undergoing ischemia and reperfusion process when used five cycles of reperfusion and ischemia lasting 30 seconds each one.
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    ABSTRACT

    INTRODUCTION: The management of thoracic aortic disease involving the ascending aorta, aortic arch and descending thoracic aorta are technically challenging and is an area in constant development and innovation. 

    OBJECTIVE: To analyze early and midterm results of hybrid treatment of arch aortic disease. 

    METHODS: Retrospective study of procedures performed from January 2010 to December 2012. The end points were the technical success, therapeutic success, morbidity and mortality, neurologic outcomes, the rate of endoleaks and reinterventions.

    RESULTS: A total of 95 patients treated for thoracic aortic diseases in this period, 18 underwent hybrid treatment and entered in this study. The average ages were 62.3 years. The male was present in 66.7%. The technical and therapeutic success was 94.5% e 83.3%. The perioperative mortality rate of 11.1%. There is any death during one-year follow-up. The reoperation rates were 16.6% due 2 cases of endoleak Ia and one case of endoleak II. There is any occlusion of anatomic or extra anatomic bypass during follow up. 

    CONCLUSION: In our study, the hybrid treatment of aortic arch disease proved to be a feasible alternative of conventional surgery. The therapeutic success rates and re- interventions obtained demonstrate the necessity of thorough clinical follow-up of these patients in a long time.

    Descriptors: Blood Vessel Prosthesis Implantation. Cerebral Revascularization. Aortic Aneurysm, Thoracic. Aneurysm, Dissecting. Aortic Diseases.

  

   

   

  INTRODUCTION

  The management of patients with thoracic aortic diseases involving the ascending aorta, aortic arch and descending thoracic aorta are a technical challenge and is an area in constant development and innovation[1,2]. Traditionally, the total surgical repair of the aortic arch demand a period of deep hypothermic circulatory arrest, which can cause high rates of perioperative morbimortality[1-3].

  The supra-aortic trunk derivations followed by the endovascular aortic repair is a less invasive alternative for the treatment of this serious condition, having been reported in several clinical trials, systematic reviews and recent meta-analyzes[3-5].

  The total endovascular repair of the aortic arch has been a promising method in the last two decades, however, there is information divergence in the literature on the safety of the short-and-medium-term technique, patient selection criteria, in addition, little is known about the material durability and the long-term method[5-8].

  The data available in the literature of different types of treatment are the result of small case series with heterogeneous samples and limited follow-up of patients[9]. Therefore, the ideal method for the treatment of aortic arch disease is still a matter of intense debate.

  The objective of this study is to analyze the results in the short and medium term of a consecutive series of patients undergoing hybrid treatment of the aortic arch disease having as the outcomes studied the technical and therapeutic success, perioperative morbimortality and 1 year after the treatment, neurological outcomes after 30 days, the leak rate and reintervention during the follow-up period.

   

  METHODS

  Type of study

  This is a retrospective, longitudinal and observational study carried out in two reference centers for cardiovascular diseases, from January 2010 to December 2012, with a total of 18 patients undergoing hybrid repair of aortic arch disease.

  Inclusion and exclusion criteria

  The study included patients of both sexes, with or without thoracic symptoms, with indications for aortic correction by:

  1. Thoracic aortic aneurysms with a diameter greater than 60 mm or acute complicated Stanford type B aortic dissections (AAD), with inadequate proximal anchor zones (length <2 cm and/or presence of thrombus or calcified plaques greater than 50% of the circumference of the proximal colon)

  2. Aortic arch pseudoaneurysm.

  3. Penetrating ulcers of the aortic arch and thoracic aorta with a diameter of more than 2 cm and a depth of 1 cm without proximal anchor zones.

  4. True aneurysms of the aortic arch (TAAA).

  5. Chronic type A aortic dissection.

  The study excluded patients with: proximal aortic neck fixation with extention greater than 20 mm, diameter of external iliac arteries smaller than 7 mm, serum creatinine greater than 2.0 mg/dl or creatinine clearance less than 30 ml/min.

  Patients who underwent endovascular repair of thoracic aortic aneurysm and those who did not undergo the supra-aortic trunk revascularization were excluded from the present study.

  The evaluation of cardiac and/or anesthetic risk was not considered in the inclusion or exclusion.

  The treatment planning was performed with angiotomography in all patients, and the pre-operative arteriogram was an optinal diagnostic method. All scans were reconstructed in OSIRIX® MD software 3D mode (three-dimensional) and MPR mode (multiplanar reconstruction), and then the diameters, angles and extensions of the proximal aortic neck were obtained (Figure 1).

  
    

    [image: Fig. 1 - Angiotomography with multiplanar and three-dimensional reconstruction]

  

  Surgical technique

  The extension of the supra-aortic trunks revascularization was scheduled after the angiotomography evaluation of proximal anchoring zones and stratified using the Ishimaru & Mitchell classification[10] (Figure 2):

  
    

    [image: Fig. 2 - Anchoring zones of the thoracic aneurysm according to Ishimaru and Mitchell classification]

  

  Zone 0: Revascularization of 3 or 4 supra-aortic vessels with median sternotomy (Figure 3A).

  
    

    [image: Fig. 3 - Carotid-left subclavian graft with prosthesis anchoring in Zone 2]

  

  Zone 1: Carotid-carotid graft with retropharyngeal tunneling or anterior to the trachea associated with the subclavian artery revascularization by transposition or carotid-subclavian graft (Figure 3B).

  Zone 2: Subclavian artery revascularization byb transposition or carotid-subclavian graft (Figure 3C).

  Endovascular technique

  All procedures were performed in the catheterization laboratory of the Endovascular Intervention Center (CIEV) of Dante Pazzanese Carfiology Institute and Salvalus Hospital, by the same group of vascular, cardiovascular surgeons and interventional radiologists.

  The patients were treated under inhalation general anesthesia. Antibiotic prophylaxis was performed with 1.5 g of cefuroxime at the anaesthetic induction time. The approach was preferably carried out through the common femoral artery by unilateral open surgical dissection. As it was unsuccessful, we decided to approach the external iliac artery using a retroperitoneal approach.

  Radiographic control was performed with Siemens® Artis Flat Panel device or in hybrid room with Siemens® Artis zeego Hybrid device. The devices used were: Valiant® (Medtronic Inc, Santa Rosa, Calif), Zenith TX2® (Cook, Bloomington, Ind), Tag® (WL Gore & Assoc, Flagstaff, Ariz), Relay® (Bolton Medical, Sunrise, Fla). The diameters of the stents ranged from 10% to 20% depending on the aortic disease that has to be treated. In cases of true aneurysms, we used an oversize of 20% and in the case of dissection, 10% to 15%.

  The drainage of cerebrospinal fluid was carried out in selected cases depending on the extent of coverage of the aorta or presence of previous aortic surgeries.

  In patients where the prostheses were implanted in Zone 0, tachycardia induced by temporary pacemaker was used. In cases of implantation in zone 1 and 2, permissive hypotension was used for accurate endoprosthesis deployment.

  Intraoperative angiography was performed in all patients. The immediate postoperative period was performed in an intensive care unit in all cases.

  Postoperative follow-up

  Patients were followed up with outpatient evaluation on the 15th, 30th, 180th, and 360th days after the correction. After the first year, the consultations were held annually. The control with angiotomography was performed on the 30th and 360th days of the follow-up period. Ultrasound - Doppler (USG-D) was performed on the 30th and 180th days and annually in order to evaluate the patency of the supra-aortic grafts.

  Outcomes and definitions

  The primary outcome analyzed were defined as follows:

  1 - Technical Success: When the derivation of the supra-aortic trunks was carried out in a previously planned manner; the objective to release the stent in the affected area has been achieved, even in the presence of leaks or other events that could adversely influence the evolution of aortic disease.

  2 - Therapeutic Success: The stent deployment occurred without type I and/or III endoleak, or other complications that would affect the favorable development of aortic disease, preserving the patency of the supra-aortic trunk revascularizations.

  3 - Perioperative Mortality: Number of deaths registered within the first 30 days after the procedure.

  4 - Neurological morbidity in the first 30 days: ischemic cerebrovascular accident (ICVA) and paraplegia secondary to spinal cord ischemia.

  5 - Mortality during the one-year-follow-up period.

   

  RESULTS

  In the period from January 2010 to December 2012, 95 endovascular correction of thoracic aortic diseases were performed, in which 18 patients underwent hybrid fix consecutively. The demographic characteristics, comorbidities and treatment indications are described in Table 1. The mean age was 62.3±8.3 years, with prevalence of males. The patients were asymptomatic in 13 cases (72.2%), and they were diagnosed in routine examinations findings. Hypertension was present in all patients. Among the present comorbidities, we found a high incidence of chronic obstructive pulmonary disease (COPD) (44.4%) and ischemic heart disease (27.8%). We also observed that 2 patients underwent previous correction of aortic aneurysm (11.1%) and 1 underwent endovascular repair of abdominal aortic aneurysm. (Table 1) Most of the indications for hybrid treatment were: true aneurysms of the aortic arch and descending thoracic aorta with colon anchoring <2 cm or unfavorable (Table 1).

  
    

    [image: Table 1. Clinical data (n=18)]

  

  Most patients were electively treated (72.2%), with the hybrid treatment staged in two phases. Five patients with type A dissection or complicated acute B dissection underwent emergency surgery with surgical and endovascular treatment at the same time. Inhalation general anesthesia was used in all cases with selective cerebrospinal fluid drainage.

  The techniques used for the supra-aortic trunk revascularizations are described in Table 2. Eight anatomical grafts were performed (total revascularization of the aortic arch) and 10 extra-anatomic grafts (left-right carotid-carotid grafts and/or grafts or left carotid-subclavian transposition). All anatomical grafts were made with bifurcated and/or straight Dacron prosthesis.The extra-anatomic bridges were performed using PTFE annealed 6 or 8 with retropharyngeal tunneling in 2 cases and 1 case of tunneling anterior to the trachea.

  
    

    [image: Table 2. Technical details of 18 supra-aortic trunk revascularizations]

  

  Regarding the left subclavian carotid bridges, 7 transpositions of subclavian artery and 3 carotid-subclavian grafts. One of the patients have had previous correction of the ascending aorta, thus, we performed a graft of the ascending aorta-brachiocephalic trunk associated with carotid-carotid graft, and then, a vascular plug implantation in the origin of the brachiocephalic trunk and endovascular aortic repair with stent implantation in Zone 0. In this case, intentional occlusion of the left subclavian artery was performed after confirmation of patency and dominance of the right vertebral artery (Figure 3). Venous, lymphatic or neurological lesions were not observed during the intra-and postoperative period. During the one-year-follow-up period, there were no occlusions or hemodynamically significant stenoses in the anatomical or extra-anatomic grafts (Figures 4 and 5).

  
    

    [image: Fig 4 - Carotid-carotid graft associated with transposition of the left subclavian artery and stent-graft implantation in Zone 1]

  

  
    

    [image: Fig. 5 - Brachiocephalic ascending aorta graft associated with carotid-carotid graft placement of vascular plug and aortic endoprosthesis implantation in Zone 0. Intentional occlusion of left subclavian artery]

  

  The revascularizations requiring the segment exchange of the ascending aorta were performed with total cardiac arrest and cardiopulmonary bypass, as in cases where only the supra-aortic revascularization was used, the proximal anastomosis was performed by partial aortic clamping without interruption flow. The cervical anastomoses were marked with radiopaque material in order to facilitate the endoprosthesis implantation. All aortic accesses were performed by conventional median sternotomy. Cervical access via supraclavicular incision and/or unilateral or bilateral anterior cervical were used depending on the desired type of supra-aortic revascularization.

  The technical success was achieved in 94.5%, in other words, we were able to perform the programmed supra-aortic graft in 17 patients and, insert the stent into the desired position.

  Therapeutic success was 83.3%, in other words, the prosthesis was inserted in 15 patients without leaks or other complications that would jeopardize the favorable evolution of the intervention. The therapeutic failure causes were the type I leak in two cases and one death in the intraoperative period during a correction of Stanford type A dissection, which evolved with retrograde dissection and aortic rupture with cardiac tamponade.

  The in-hospital postoperative complication rate was 27.7%, as follows: two ischemic neurological injuries (11.1%), two cases of pulmonary complications (11.1%) and one case of acute renal failure (5, 5%) (Table 3).

  
    

    [image: Table 3. Intra-and perioperative complications (n = 18)]

  

  The perioperative mortality was 11.1%. The two deaths occurred due to retrograde type A dissection: one by rupture and acute cardiac tamponade during the endovascular treatment and another by left coronary trunk dissection and acute myocardial infarction on the 8th day after surgery (Table 4). There were no deaths after the 30-day-follow-up period.
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  The primary leak rate was 16.6%, with the type I endoleak in two cases and type II in one case. No cases of type III leaks and stent migration during follow-up were observed. The reintervention rate after one year was 16.7% due to the treatment of type I and II leaks in a satisfactory manner (Table 4). The annual survival during our follow-up period was 89.9%.

  The stent devices used were: in seven cases (38.9%) Zenith TX2® (Cook Medical, Bloomington, INC, USA), in six cases (33.3%) Tag® (Gore Medical, Flagstaff, AZ, USA) in three cases (16.6%) Valiant® (Medtronic, Minneapolis, MN, USA), and in two cases (11.1%) Relay® (Bolton Medical, Sunrise, Fla). We used a total of 21 stents.

  The average time of endovascular procedure was 65 min (ranging from 48 to 151 minutes), the average time of the supra-aortic trunk revascularization was 196 minutes and the mean hospital stay was 9.7 days, with a 10-day variation. The mean follow-up time was 13 months (5-22 months).

   

  DISCUSSION

  The improvement of endovascular techniques and the association to surgical revascularization of the supra-aortic trunks allowed its application in aortic arch diseases, territory in which the conventional surgical treatment can bring high morbimortality rates[11]. Systematic reviews and recent clinical studies have confirmed the benefits of endovascular method over conventional surgery in this aortic segment[1-3,7,11-13]. A suitable anchoring zone in which there is at least 2 cm of healthy aortic extension is required for proper stent implantation, thereby preventing type I endoleak and maintaining the prosthesis durability for a long period[14].

  For patients with unfavorable proximal colon, the supra-aortic trunk revascularizations, with the advanced endovascular aortic device for healthy aortic zones, make the treatment of this disease feasible, avoiding the conventional surgical procedure that requires circulatory arrest and deep hypothermia. The mortality of the conventional surgical procedure on the aortic arch varies 0.9 9.3%  even in centers with a large number of surgery[3,15,16]. However, according to data from the National Inpatient Sample Database and Medicare Provider Analysis and Reviewer, that better reflect the global reality, mortality rates range from 15 to 20%[17-20]. Despite the invasiveness of the hybrid technique, its degree of morbidity can be minimized by using shorter aortic clamping or partial clamping techniques when you need to advance the prosthesis to Zone 0. In cases where a suitable landing colon can be obtained in Zones 1 and 2, the procedures staged without aortic clamping with the use of extra-anatomic grafts should be used[2,3].

  We obtained a technical success rate of 94.5% and a therapeutic success rate. The technical success rate was influenced by intraoperative death, while the therapeutic success rate was influenced by the presence of type IA endoleaks, generating a primary leak rate of 16.6%. Both type IA leaks were treated with the advancement of a second larger diameter endoprosthesis with the leak fully sealed, whereas the type II leak through the subclavian artery was embolized using a spring, which generated a reintervention rate of 16.6%. Moulakakis et al.[1] reported a technical success rate of 92.8%, with a similar leak rate of 16.6%, which were mostly type I endoleaks. The authors explain this data due to the presence of retrograde type A dissection in 4.5% of their patients with the advancement of the stent to Zone 0[1].

  Currently, the late results of the hybrid treatment of the aortic arch are not well known, with the most studies reporting a follow-up period of 15 to 18 months[6,21]. These data are extremely scarce and heterogeneous when the endoleaks are specifically evaluated. This rate varies in the literature from 0 to 15%, and the long-term data leaks are virtually absent[4,8,21].  Czerny et al.[4] in a recent study of transcontinental record data including 66 patients with complete revascularization of the aortic arch and a mean follow-up period of 25 months, only one late endoleak type IB and a 5-year survival of 96% was observed by the researchers. On the other hand, Vallejo et al.[6] in a series of 38 hybrid repair of the aortic arch, with a mean follow-up perid of 28 months, found four type I and two type II endoleaks[6]. Bavaria et al.[8] in a 30-month-follow-up period, did not observe the presence of type I or III leaks. In our study, we observed the presence of late type I, II and III leaks during the mean follow-up period of 13 months.

  The population of our study showed high risk for conventional surgery due to the high prevalence of chronic obstructive pulmonary disease (50%) and ischemic heart disease (38.9%), and 5 of these patients were treated on an emergency basis due to complicated acute type A a or type B dissections, so our mortality rate in a 30-day-follow-up period was 11.1%. One patient died during the intraoperative period due to progression of retrograde type A dissection with aortic rupture and cardiac tamponade and another patient died on the 8th postoperative day due to the progression of type A dissection with retrograde left coronary trunk involvement and acute myocardial infarction. Brazilian authors reported a mortality rate of 16.7% in the perioperative period using the same technique[2]. A recent meta-analysis published in 2013, with 956 patients analyzed, obtained a perioperative mortality rate of 11.9%[1]. However, smaller case series have been published with mortality rates ranging between 3-6%[3,11].

  The neurological injury rates in the literature range from 4% to 12%[11]. When we separate ICVA of the spinal cord from permanent paraplegia, we observed rates of 7.6% and 3.6% respectively, in the meta-analytic study by Moulakakis et al.[1]. In our region, we observed an ICVA rate of 5.5%. This occurred during the advancement of the stent to Zone 0. The occurrence of neurological outcome is directly related to the quality of the native aorta, with the unfavorable characteristics the presence of plaques and thrombi in the aortic segment[22]. Low ICVA rate found by Shirakawa et al.[11] in their clinical study with 40 patients and a follow-up of 15.5 months, is justified by the author due to careful preoperative selection of patients with angiotomography, evaluating the endoprosthesis implantation conditions in the ascending aorta. When a healthy aorta was found, the hybrid treatment was performed[11].

  We had a case of spinal cord ischemia in a patient who previously had an open repair of the ascending aorta and prior endovascular repair of infrarenal abdominal aortic aneurysm. This patient had paraplegia signals on the 3rd postoperative day, therefore immediate fluid drainage was performed, however, this individual remained with permanent paraplegia as a sequel. Spinal cord ischemia is directly related to aortic coverage area and the aortic clamping time[1,3,23], thus, spinal cord ischemia rates in hybrid procedures are lower when compared to the open aortic corrections, since the aortic coverage area in hybrid procedures is smaller, as well as the clamping time. In this patient, the area of previous aortic management to the hybrid procedure favored this complication.

  As for the postoperative complications, we highlight the low incidence of pulmonary complications (11.1%). Two patients had prolonged weaning and associated pulmonary infection being treated in the intensive care unit for a long period, but they evolved satisfactorily. The main clinical morbidity in the postoperative period of open and hybrid treatment of thoracic aortic diseases are pulmonary and cardiac complications. The rates of these complications were 19.7% and 6%, respectively, in the meta-analysis published in 2013[1]. In our study, we had one death due to acute myocardial infarction caused by retrograde dissection with left main coronary artery involvement. Despite the large number of COPD patients in our study, the low rate of pulmonary complications is explained due to strict stratification and preoperative clinical training, as well as intensive care dedicated to adequate cardiopulmonary rehabilitation.

  The retrograde type A dissection is a complication described in the open and endovascular repair of the native ascending aorta[1,7,21]. When assessing the clinical studies for the presence of this complication, it is observed that the data are published in relation to all treated sample, with an absolute rate of 3.8% in the most recent meta-analysis published; however, when observing only the native ascending aorta at risk, we obtain higher rates of this complication. In the study published by Andersen et al.[7], a similar incidence of 3.4% is reported in a series of 87 patients with hybrid aortic arch repair. However, the authors report that the real rate should be 11.1% (3 of 27 cases) when they includ only patients with native ascending aorta at risk of this complication[3,7]. We had two cases of retrograde type A dissection in 16 native ascending aorta (12.5%).

  New techniques with the full endovascular management of aortic arch aneurysms using branched and fenestrated stents are under development. The first clinical study is being conducted and, therefore, little is known about the medium and long term results of this technique[24]. Endovascular procedures using the Snorkel and Chaminé techniques, although feasible, they expose the patient to type I endoleak and retrograde type A dissection[25].

  Study limitations

  Due to the small number of cases, the heterogeneous group of patients and types of procedures performed, as well as the short follow-up period, the comparison between the techniques and the relationship with their outcomes limit the results of our study. Lasty, the accuracy of the results may be affected by retrospective analysis of data.

   

  CONCLUSION

  In our study, the hybrid treatment of aortic arch disease proved to be a technically feasible alternative with short and medium term results.

  The involvement of the ascending aorta by type A dissection and the need to implant in Zone 0 had a higher rate of acute neurological events and retrograde type A dissection.

  The treatment success rates and required reinterventions in the various segments of the aortic arch treated demonstrate the need for rigorous follow-up of these long-term patients.
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    ABSTRACT

    OBJECTIVE: To describe the hospital mortality and associated clinical and echocardiographic variables in patients with rheumatic disease who underwent double valve replacement surgery.

    METHODS: This is a cross sectional descriptive study of mortality, performed in a referral hospital in Salvador, Bahia. Records from patients with rheumatic disease who underwent double valve replacement surgery during the years 2007-2011 were analyzed.

    RESULTS: The studied sample comprises 104 patients and 60 (57.7%) were male. The mean age was 38.04±14.45. Sixty five bioprostheses and 38 mechanical prostheses were used in these patients at the time of surgery. There were statistically significant differences between the two groups, when we analyzed the following variables: the mean age (36.30±13.03 vs. 45.35±17.8 years-old, P=0.011), mean hemoglobin (11.10±2.19 vs. 9.22±2.26 g/dL, P=0.002), mean hematocrit (34.22±5.86 vs. 28.44±6.62%, P<0.001). New York Heart Association functional class III and IV (NYHA) (P=0.022) was statistically associated with mortality.

    CONCLUSION: We concluded that the mean hemoglobin/hematocrit level and the NYHA functional class was the major variables associated to the mortality among these patients. Based on these data one may concern about the patient best moment for surgery and the patient hemoglobin level.

    Descriptors: Rheumatic Fever. Heart Valve Diseases. Hospital Mortality. Preoperative Period.

  

   

   

  INTRODUCTION

  Rheumatic fever (RF) is a major public health problem, especially in developing countries[1]. Valvular heart disease accounts for a significant portion of cardiovascular hospital admissions in Brazil. Unlike most developed countries, its main cause is RF, responsible for 70% of the cases[2]. During the acute phase of the disease, mitral regurgitation (MR) is the most frequent impairment, followed by aortic regurgitation (AR). Obstructive valve lesions usually do not occur in the early stages of the RF. Recurrence of the acute phase of rheumatic heart disease increases the long term risk of permanent heart injuries and may cause multiple valves lesions[3]. Therefore, patients with rheumatic valve disease tend to have multiple valve lesions: either due to rheumatic valve involvement (stenosis and/or regurgitation) or secondary to ventricle dilation, leading to mitral or tricuspid insufficiency.

  Surgical treatment is usually focused at the most severe valve lesion. However, double valve replacement surgery is being performed more frequently nowadays as an attempt to achieve better quality of life and to improve cardiovascular hemodynamics, reducing mortality among these patients[2,4].

  Present literature lacks data on clinical or echocardiographic variables associated to in-hospital mortality in rheumatic patients undergoing double valve replacement surgery. Thus, this study aims to assess which of these determinants has impact in this population.

   

  METHODS

  This is a cross-sectional retrospective study including all rheumatic patients admitted to the Ana Neri Hospital, Salvador, BA, Brazil, older than 18 years old, that underwent double valve replacement surgery from January 2007 to December 2011. Medical records were reviewed and evaluated for data collection.

  The surgical procedure was performed with the patient in the dorsal decubitus position, with a central arterial line to monitor the mean arterial pressure and a central venous line. Median sternotomy and systemic heparinization (0.4 mg/Kg) were performed, followed by cannulation of the ascending aorta for cardioplegia, using hypothermia (32ºC) as a protective strategy, followed by cardiopulmonary bypass (CPB). In the presence of AR, the Aorta was opened and then injected the cardioplegic solution into the coronary ostium. For those patients without AR, the cardioplegic solution was injected directly into the aortic root. Afterwards, the left atrium was opened to perform the mitral and aortic valve replacement, in this respective order, with mechanical or biological prostheses as indicated.

  Statistical analysis was performed with SPSS (Version 17.0). Variables were tested for normality using the One Sample Test Kolmogorov-Smirnov and the appropriate statistical test was applied according to its distribution. Continuous variables were described as mean ± standard deviation. Continuous variables with normal distribution were compared using Student's t-test. Asymmetrical distribution variables were analyzed by the Mann-Whitnney test, and their depiction was done by their median, maximum and minimum values. Categorical variables were described by their frequencies and analyzed with the Chi-square test. The level of statistical significance in this study was 5% (P<0.05).

  This study was approved by the institutional review board of the Ana Nery Hospital (protocol 59/10).

   

  RESULTS

  This study sample was composed by 104 patients who underwent double valve replacement surgery between January 2007 and December 2011. The mean age±standard deviation was 38.04±14.45 years. Clinical and epidemiological characteristics of the study population are shown in Table 1.
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  In the study population, 100% of the patients underwent mitral and aortic valve replacement. This surgery was associated with another surgical procedure in only 30.8% of cases. The postoperative hospitalization period ranged from one day to a maximum of 56 days (median 13 days).

  The aortic and mitral valves were the most affected in this study population, but the tricuspid and pulmonary valves were also impaired, as follows. Three patients presented mild tricuspid stenosis and one patient had moderate tricuspid stenosis. Two patients presented with mild pulmonary regurgitation and one patient presented with severe insufficiency. No patients presented pulmonary stenosis (Figure 1).
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  The left atrium was analyzed through echocardiography in 96 patients, ranging from a minimum of 33 mm until 129 mm (median 53 mm). The left atrium size was not associated with hospital mortality (P=0.785). The left ventricle diameters and left ventricular systolic function were also not associated with mortality (Table 2), as well as the degree of valve lesion.
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  When considering two distinct groups, those who were discharged after surgery and those who died during hospital stay, some statistically significant differences can be noticed: their mean age, respectively (36.30±13.03 vs. 45.35±17.8 years old, P=0.011), mean hemoglobin (11.10±2.19 vs. 9.22±2.26 g/dL, P=0.002); and mean hematocrit (34.22±5.86 vs. 28.44±6.62 %, P<0.001).

  Comparisons of gender, city of origin, body mass index, diabetes mellitus, hypertension, atrial fibrillation, class of heart failure, urea, creatinine, previous cardiac surgery and kind of prosthesis between the groups and outcomes are presented in Table 3.
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  The anoxia time was 129±30 minutes, CPB time was 163±40 minutes, and the total time of surgery was 305±66 minutes. The comparison between the mean anoxia time, CPB time, and total surgical time in both hospital outcomes (death x discharge) were, respectively, 149.17±40.99 and 123.99±24.125 (P=0.001), 185.53±54.597 and 157.34±34.623 (P=0.006), 350.29 and 295.23±56.692±63.983 (P=0.002).

   

  DISCUSSION

  Five clinical variables were associated with mortality during the hospitalization of rheumatic patients who underwent double valve replacement surgery: age, hemoglobin, hematocrit, diabetes mellitus and NYHA functional class (New York Heart Association (NYHA) functional classification of heart failure).

  The double valve replacement surgery is a risk factor for death independent of preoperative data[5], mainly due to longer duration of surgery, CPB and aortic clamping[2,6,7].

  The mortality rate in the study population was 19.2%. Despite elevated when compared to other referral centers in developed countries, different socioeconomic profiles and different access to health between developed and developing countries lead to a comparison limitation[8,9].

  In this study population, 59.6% of patients had functional New York Heart Association (NYHA) class III or IV, and 24.5% were in NYHA functional class IV. No other study has a number of patients in a so severe functional class. Studies with low mortality rates show a maximum of 8% of the population with NYHA functional class IV[8,10]. The lowest mortality rate was 0.7% presented by a study which had only 0.5% of patients in NYHA functional class IV[11] and NYHA functional class IV has been presented as an independent risk factor for operative mortality in double valve replacement surgery. Possibly, this is due to an increased release of proinflammatory vasodepressive cytokines in NYHA functional class IV[12]. Patient with advanced heart failure presents a state of chronic inflammation, especially in episodes of decompensation, generating greater degree of difficulty and complications during the surgical technique performing[12].

  Preoperative anemia is associated with increased morbidity and mortality among patients undergoing cardiac surgery[13]. Patients with lower hemoglobin levels and preoperative hematocrit are more likely to be transfused, and the use of blood derivates bags is an independent risk factor for mortality and clinical complications such kidney failure, infections, and cardiac complications, pulmonary and neurological in the first thirty postoperative days[14,15]. Studies evaluating mortality in patients undergoing double valve replacement not present data on hemoglobin and hematocrit preoperatively patients[9-11]. This prevents a proper comparison of the results of this study  which showed hemoglobin and hematocrit significantly lower in patients who had hospital death. The magnitude of the effect of anemia in the preoperative surgical double valve replacement as well as the optimal management of these patients lack of data in literature.

  The mean age of patients who died was 45.35±17.8 years. Age as a mortality predictor in cardiac surgery is described in the literature as one of the main risk factors in most scores[15-22]. However, it should be noted that each score has its own cut-off point from which the surgical risk is established. The EuroSCORE indicates that there is an increased risk of death above 60 years old and one point is given for every 5 additional years[16,17].

  A previous study states that patients who were at least 50 years old had higher in-hospital mortality, regardless of the   valve surgery performed: aortic or mitral valve replacement, double valve replacement, with or without coronary bypass revascularization[23]. This study shows a higher surgical risk among those with a lower mean age when compared to previously published data, since it is a more complex surgery in critically ill patients. Therefore, existing scores in the literature may not be suitable for predicting the actual risk for this specified population. It is possible that the relative risk with age is established at a lower age range for this group of patients.

  Some clinical variables assessed in this study showed no influence on in-hospital mortality. Some are part of major risk scores for mortality risk in heart surgery, such as: female gender, previous cardiac surgery and serum creatinine[16,19]. However, most studies evaluated these variables in all types of cardiac surgeries, not specifically double valve replacement. Otherwise, one study that presented independent risk factors for double valve replacement surgery, also found no influence of the variables mentioned above. It is noteworthy that most of these studies were conducted in major medical centers of the United States and Europe. This demonstrates the need to develop scores of preoperative risk in populations with different socioeconomic characteristics.

  Echocardiography's measurements of the left ventricle compared between the two groups of patients (who were discharged home and who died) were not statistically significant, in agreement with previously published data[7]. Because they are variables characteristic of chronic disease, it seems possible that a certain degree of adaptation to the hemodynamic status may occur, with no impact on in-hospital mortality. However, it is necessary to investigate the influence of these variables on morbidity and mortality in a long term way.

  The study has quite few limitations. It was a single center study, which may cause bias due to the restricted population size, limiting extrapolation of data to other populations.

   

  CONCLUSION

  This study is remarkable for highlighting the value of age, hemoglobin, hematocrit, diabetes mellitus and NYHA functional class as possible variables associated to in-hospital mortality of rheumatic patients undergoing double valve replacement surgery.

  A precise cut off point in the hemoglobin value to determine and predict mortality risk should be studied in order to improve the therapeutic management of patients who will undergo double valve replacement. Furthermore, early indication of heart valve surgeries may avoid a delayed procedure at an advanced stage of the disease.

  Therefore, new prospective studies in national territory are needed to compare mortality rates between different Brazilian centers, enabling an advance in the management of this disease that still represents a serious public health problem.
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    ABSTRACT

    OBJECTIVE: This study aims to present the graft pathology at the time of harvest and its impact on long-term survival.

    METHODS: The remnants of the bypass grafts from 66 consecutive patients with coronary artery disease receiving a coronary artery bypass grafting were investigated pathologically, and pertinent predictive risk factors and survival were analyzed.

    RESULTS: Medial degenerative changes with or without intimal proliferation were present in 36.8%, 37.8% and 35.6% of left internal mammary artery (IMA), radial artery and saphenous vein grafts. There were 2 (3.0%) hospital deaths and 9 (14.1%) late deaths. Multinomial logistic regression revealed left IMA pathological changes, dyslipidemia, history of percutaneous transluminal coronary angioplasty/stent deployment and Y-graft were significant predictive risk factors negatively influencing the patients' long-term survival. Kaplan-Meier survival analysis revealed that the long-term survival of patients with left IMA pathological changes were significantly reduced compared with those without (74.1% vs. 91.4%, P=0.002); whereas no differences were noted in long-term survivals between patients with and without pathological changes of the radial arterial or saphenous vein grafts.

    CONCLUSION: Pathological changes may be seen in the bypass graft at the time of harvest. The subtle ultrastructural modifications and the expressions of vascular tone regulators might be responsible for late graft patency. The pathological changes of the left IMA at the time of harvest rather than those of the radial artery or saphenous vein graft affect significantly long-term survival. Non-traumatic maneuver of left IMA harvest, well-controlled dyslipidemia and avoidance of using composite grafts can be helpful in maintaining the architecture of the grafts.

    Descriptors: Coronary Artery Bypass. Pathology. Survival Analysis. Mammary Arteries.

  

   

   

  INTRODUCTION

  The left internal mammary artery (IMA) has gained popularity as an arterial graft for coronary artery bypass grafting (CABG) as it provides the gold standard left IMA-left descending coronary artery (LAD) bypass[1]. The radial artery (RA) has become a graft of choice for CABG since its first clinical use by Carpentier in 1971[2]. The graft flow patterns have been evaluated in several studies intraoperatively[3] or postoperatively[4]. Even though the RA graft showed better flow than the IMA and saphenous vein graft (SVG)[3], the patency of the RA graft was inferior to that of the IMA and SVGs[5]. The RA has been recommended to be anastomosed to the circumflex artery or right coronary artery[6]. Use of the RA graft may improve patients' survival and decrease the incidence of cardiac-related events within the first postoperative years[7]. The low morbidity rate associated with the RA has urged the use of this conduit as a supplement of the right IMA in the IMA-to-LAD bypass[7]. However, controversies still exist on the graft choices in CABG. The pathological changes of bypass grafts at the time of harvest have not been frequently investigated and the relations between the pathology and graft patency and long-term survival are scanty. The present study was designed to evaluate the graft pathology at the time of harvest and its impact on long-term survival.

   

  METHODS

  Patients' information

  From 2004 to 2011, 66 patients with coronary artery disease receiving CABG had their remnants of bypass grafts for pathological inspections. There were 55 males and 11 females with a mean age of 68.3±8.1 (range: 50-84; median, 73)years. No difference was found in patient age between males and females (68.8±7.9 years, vs. 65.8±9.0 years, P=0.2608). The patient demographics and the extents of coronary lesions by coronary angiography were listed in Tables 1 and 2.
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  Harvesting

  Conventional harvesting of the IMA (pedicled), RA and SVG were applied in all patients.

  Specimens

  The remnants of the grafts were collected at the completion of CABG from these 66 consecutive patients. The samples were cut into 1 mm3 in size and immersed in 10% methanal solution in appropriate bottles for pathological inspections. Hematoxylin and Eosin staining was performed on 4 μm paraffin-embedded sections. The pathological changes of the grafts were observed and evaluated by an experienced pathologist.

  Definitions

  Pathologies of the grafts are classified as: normal, proliferation and degeneration (of the smooth muscle cells), degeneration (of the intima), atherosclerosis, calcification, vascular wall hemorrhage and inflammatory cell infiltration, uneven vascular wall thickness and varicose (of the SVG). Proliferation is defined as remarkable growth of vascular cells either in the intima or smooth muscle cells. Destructive changes present in the vascular cells are termed as degeneration. A form of arteriosclerosis is characterized by the deposition of atheromatous plaques containing cholesterol and lipids on the innermost layer of the vessel walls. Vessels permeated with calcium are defined as calcification.

  Ethics

  This study complies with the Declaration of Helsinki. Informed consent was obtained from each patient and the Institutional Ethics Committee has approved the research protocol.

  Statistics

  Data were expressed as mean ± standard deviation. Unpaired t-test was made for intergroup comparisons of the quantitative data. Fisher exact test and logistic regression analysis were performed for the postoperative outcomes and the pathology of the grafts. Patients' survival was evaluated with Kaplan-Meier survival analysis. A two-tailed P value of <0.05 was considered of significance.

   

  RESULTS

  The CABG procedures were performed under CPB in 55 (83.3%), off-pump in 10 (15.2%) and a stepped off-pump and beating heart revascularization under CPB in 1 (1.5%) patient, respectively. Ten (15.2%) patients had a secondary procedure during the operations including mitral valve replacement or repair in 5 (50%), aortic valve replacement, left ventricular pseudoaneurysmectomy, left ventricular pseudoaneurysmectomy with mitral valve repair, left ventricular pseudoaneurysmectomy with the aid of intraaortic balloon pump and intraaortic balloon pump alone in 1 (10%) patient each.

  There were totally 236 grafts bypassed in 66 patients with a mean of 3.6±0.9 (range: 2-5; median, 3) grafts per patient including 103 (43.6%) SVGs, 57 (24.2%) RAs, 74 (31.4%) left IMAs (inclusive of all distal anastomoses of the sequential grafts) and 2 (0.8%) right IMAs. A sequential graft was performed in 34 (51.5%) patients, a Y-graft in 2 (3.0%) patients and only independent grafts in the remaining 30 (45.5%) patients. The donor vessels for the LAD were left IMA in 63 (96.9%), RA in 1 (1.5%) and SVG in 1 (1.5%), respectively (χ2=177.4, P=0.0000). The coronary arteries receiving an SVG were left main coronary artery in 1 (1.0%), LAD in 1 (1.0%), the first diagonal branch in 21 (20.4%), intermediate artery in 3 (2.9%), circumflex artery in 1 (1.0%), obtuse marginal branch in 41 (39.8%), right coronary artery in 5 (4.9%), posterior descending artery in 26 (25.2%) and posterior left ventricular branch in 4 (3.9%), totaling 103 grafts. Apart from one (1.0%) bypassed to the left main coronary artery, there were 25 (24.3%), 42 (40.8%) and 35 (34.0%) SVGs grafted to the LAD, circumflex and RCA systems, respectively (χ2=6.4, P=0.0399). The receipt vessels of the left IMA were LAD in 56 (75.7%), the first diagonal branch in 1 (1.4%), sequentially LAD and first diagonal branch in 8 (10.8%) and the great cardiac vein for the purpose of venous arterialization in 1 (1.4%) patient, respectively. An RA graft was used in 51 (77.3%) patients, bypassed to the first diagonal branch in 6 (11.8%), LAD in 1 (2.0%), intermediate artery in 1 (2.0%), circumflex artery in 1 (2.0%), obtuse marginal branch in 23 (45.1%) and posterior descending artery in 19 (37.3%) patients, respectively. They were in a sequential fashion in 4 (7.8%) patients (one RA graft for two distal anastomoses in each patient), a Y-graft in 2 (3.9%) patients and an independent graft in 41 (80.4%) patients. The 2 right IMA grafts were bypassed to the intermediate artery and right coronary artery, respectively.

  Of the 236 grafts, 161 (68.2%) remnants were collected and inspected pathologically. There were 57 (35.4%) left IMAs, 45 (28.0%) RAs and 59 (36.7%) SVGs. Types of grafts used did not differ between gender.

  The dimensions of the lumens of the three grafts were all within normal ranges. The lengths and lumen diameters of the SVG were larger than those of the IMAs and RAs, however, no statistical differences were noted (Table 3).
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  Of this patient setting, half of the patients had normal graft vessels as evidenced by histological observations (Table 4). The prevalence of pathological changes did not reach a statistical significance between the IMA, RA and venous grafts (47.4% vs. 46.7% vs. 45.8%, χ2=0.0, P=0.985). The prevalence of the medial degeneration did not differ between the three grafts, either (36.8% vs. 37.8% vs. 35.6%, χ2=0.1, P=0.973). The microscopic views of the grafts were shown in Figure 1.
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  There were 2 hospital deaths with an early mortality of 3.0%. Two patients were lost for follow-up. The remaining 62 patients were followed up for an average of 30.2±8.8 (range, 6.9-55; median, 15.8) months.

  Twenty-four patients had coronary angiography examined during follow-up, 1 (4.2%) patient had left IMA and 1 (4.2%) patient had RA graft occlusion requiring reoperations and 2 (8.3%) patients had SVG occlusion warranting a reintervention by percutaneous angioplasty. There were 9 (14.1%) late deaths due to heart dysfunction (n=3), acute myocardial infarction (n=2), renal failure (n=2), malignant cancer (n=1) and unknown reason (n=1).

  Multinomial logistic regression revealed that pathology of the left IMA (P=0.017), the presence of dyslipidemia (P=0.033), history of percutaneous transluminal coronary angioplasty/stent deployment (P=0.001) and Y-graft (P=0.006) were significant predictive risk factors of long-term survival.

  Kaplan-Meier survival analysis revealed that the long-term survival of the patients with left IMA pathological changes was significantly reduced in comparison with those without (74.1% vs. 91.4%, P=0.002) and that the pathological changes of the radial arterial or saphenous vein graft were unlikely to significantly affect patients' long-term survival (Figures 2-4).
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  DISCUSSION

  The left IMA-LAD graft is appraised for its promising patency rate and patients' long-term survival[8]. The left IMA is usually used to bypass the anterior circulation and the RA graft, to bypass the coronary arteries of the inferior or the lateral territory[9]. Recent randomized ROOBY trial proved that off-pump CABG was associated with lower patency for arterial and venous graft conduits than on-pump CABG[10]. Superior long-term survival rate was observed in the on-pump CABG than in the off-pump CABG patients[11-13].

  Clinical observations revealed that the RA grafts had a lower patency rate (51.3%) than the left IMAs (90.3%) or the SVGs (64.0%)[4]. At a mean of 7.7±1.5 year follow-up after CABG, RAs had much lower functional (12.0% vs. 19.7%, P=0.03) and complete graft occlusion rates (8.9% vs. 18.6%, P=0.002) compared with the SVGs[14]. Hata et al.[15] reported that the cumulative graft patency rates at 8 years were 74.3% for the RA and 64.7% for the SVG, respectively. RA patency rate varied with territory and bypass modes, with 79.4% in the left circumflex coronary artery, 72.7% in the LAD and 50% in the right coronary artery; the occlusion rate was 20.0% among free grafts, 18.2% among sequential grafts and 20.0% among composite grafts[16]. The RA patency rate showed a gender predilection, which was higher in men than in women (38.9% vs. 56.1%, P=0.025) at a mean follow-up of 565±511 days[17].

  Non-severe stenosis of the target coronary arteries can be a potential risk factor leading to a higher diffuse narrowing rate of the RA grafts in comparison to the SVGs[9]. Several studies agreed that the history of open heart surgery or percutaneous coronary intervention can be a significant risk factor of increased mortality[18,19]. Severe congestive heart failure, advanced age, postinfarction myocardial rupture, cardiogenic shock, CPB, pulmonary hypertension and increased creatinine can be the risk factors of in-hospital mortality[20]. Long-term mortality was also associated with female gender, non-Hispanic black race, small body surface area, extreme body mass index values, left main coronary disease, multivessel disease, reduced ejection fraction, history of myocardial infarction, unstable hemodynamic state/shock and the presence of comorbidities[21].

  The research of graft pathology started from the 1970's. By light microscopy, minimal to moderate mediointimal fibrosis and graft occlusion due to recent thrombosis were noted in 31.7% (13/41) grafts early (<20 days) and old thrombus, intimal leiomyocellular proliferation, or intimal phlebosclerosis were noted in 19.5% (8/41) patients in the late group (3-39 months); whereas a vein graft showed atherosclerotic changes[22].

  A histological study of the SVGs showed grade 1 to 2 intimal proliferation in the early group (14 days) and grade 2 to 3 or even grade 4 intimal proliferation in the late group (34 months) in all grafts[23]. In a prospective study involving 365 consecutive patients undergoing isolated CABG, significant lesions in the SGVs were observed in 71 (19.5%) patients[24]. Structures of the SVG, particularly the tunica media and smooth muscle cells had a significant impact on the late outcome after CABG[25]. In patients with postoperative coronary artery disease progression and severe venous graft disease, tunica media thickening was noted, and it was taken as a risk factor for late venous graft failure[25].

  In recent years, graft pathology has been carried out in deep-going ways concerning ultrastructural and signaling pathway studies. Saphenous tunica media thickening and chunky smooth muscle cell nuclei were identified as independent risk factors for graft disease[24]. High lipid exposure may be prone to early graft failure especially of the vein graft[26]. Morphometric studies of the RA disclosed mild or moderate intimal hyperplasia but no medial calcification in both young and elderly patients[27]. Matrix vesicles and calcifications were frequently present in the media of both the RA and IMA[28]. Fewer endothelial denudations, similar medial lipid deposition and submicroscopic calcification were observed in the RA comparing to other arteries[28].

  The higher proliferative potential of the smooth muscle cells and more actively secretory status of endothelial cells of the RA enhance the remodeling process and predispose a reduced long-term patency[28]. In diabetic patients, the foam cells and tendency of migration from the smooth muscle cells to the intima were more frequently observed in the RA than in non-diabetic patients as observed by electron microscopy[29].

  Chronic hypoxia increases the activity of vascular endothelial growth factor, a potent mitogenic molecule for the smooth muscle cells[30]. Li et al.[31] discovered that platelet-derived growth factor, another potent mitogenic molecule, is active exclusively in the epithelioid-like smooth muscle cells isolated from the human IMA but not in the spindle-like cells. Endothelial nitric oxide synthase (eNOS) type III was expressed in the intima of the IMA, RA and SVG and in the media of the IMA and RA. However, the IMA showed a higher intensity of eNOS type III expression, particularly within the media. This may provide an histologic explanation for the better results of the IMA graft[32]. Increased expressions of eNOS in the intima and media were also observed in the RA grafts irrespective of patients' age[27].

  A recent study revealed that Gas6/Axl pathway cytokines are more expressed in the left IMA than in other arteries, indicating that the IMAs were more resistant to atherosclerotic changes[33]. Independent predictors of late RA graft failure were native coronary stenosis <75% and peripheral vascular disease. Independent predictors of late SV graft failure were use of only one anti-platelet agent and low-density/high-density lipoprotein cholesterol ratio >2.5[15].

  The vasa vasorum of the veins is more pronounced than in the arteries and hence the vasa vasorum plays an important role in enhancing SVG patency when harvested along with surrounding tissue for restoring medial blood flow from the nutrient microvessels[34]. Upregulated inflammation biomarkers including scavenger receptors A and B, toll-like receptors 2 and 4, platelet endothelial cell adhesion molecule, vascular cell adhesion molecule and intercellular cell adhesion molecule have been noted in the SVGs and were thus taken as a possible mechanism of graft failure[35]. An increased expression of cytokeratin 8 and weak expressions of calponin in the tunica media of the SVGs might be useful markers of unfavorable long-term prognosis in CABG patients[36].

  The skeletonization of the IMA with an ultrasonic scalpel had no deleterious effect on the endothelium. All IMA specimens showed a completely confluent endothelium, and no endothelial injury was observed by a scanning electron microscopic study[37]. A metal clamp can cause serious intimal injury which disrupts the internal elastic lamina, and thus should be avoided for the temporary clamping of the skeletonized IMA. A fibrous jay clamp, however, hardly ever causes intimal injury, and its clinical use for the temporary clamping of the ultrasonically skeletonized IMA is therefore recommended[37].

  Retention of perivascular tissue on the SVG prepared for CABG by "no-touch" technique protects against distension-induced damage, preserves vessel morphology and maintains eNOS activity[38]. In no-touch vessels, eNOS is highly expressed as compared with conventionally harvested ones[39]. The RAs harvested by "no-touch" technique are associated with better preservation of the endothelial cells warranting a long-term patency[28].

  In the present study, the dimensions of the lumens of the three grafts were within normal ranges, with reference to their normal limits of 3.1 to 8.5 mm[40], 2.1 mm[41] and 2.6 mm[42] for the SVG, IMA and RA, respectively, as reported in the literature. Pathologically, over half of the patients had normal graft vessels; while others showed medial degenerative changes with or without intimal proliferation accounting for 35.6%, 36.8% and 37.8% in three grafts, respectively. In line with previous reports[11,19], the present study revealed left IMA pathological changes, dyslipidemia, history of PTCA/stent and Y-graft were significant predictive risk factors negatively influencing the patients' long-term survival.

  The nonrandomized nature and the limitations in patient selection were likely to be the major drawbacks of this study. A multicenter study in the future would be helpful in obtaining more accurate results.

   

  CONCLUSION

  Pathological changes may develop in bypass graft at the time of harvest. The subtle ultrastructural modifications and the expressions of the vascular tone regulator might be the underlying causes responsible for late graft patency. The pathological changes of the left IMA at the time of harvest rather than those of the RA or SVG affect significantly patients' long-term survival. Non-traumatic maneuver of IMA harvest, well-controlled dyslipidemia and avoidance of using composite grafts can be helpful in maintaining the architecture of the IMA graft and may therefore improve the long-term outcomes of the patients.
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    ABSTRACT

    INTRODUCTION: The inflation pressure of the endotracheal tube cuff can cause ischemia of the tracheal mucosa at high pressures; thus, it can cause important tracheal morbidity and tracheal microaspiration of the oropharyngeal secretion, or it can even cause pneumonia associated with mechanical ventilation if the pressure of the cuff is insufficient.

    OBJECTIVE: In order to investigate the effectiveness of the RUSCH® 7.5 mm endotracheal tube cuff, this study was designed to investigate the physical and mechanical aspects of the cuff in contact with the trachea.

    METHODS: For this end, we developed an in vitro experimental model to assess the flow of dye (methylene blue) by the inflated cuff on the wall of the artificial material. We also designed an in vivo study with 12 Large White pigs under endotracheal intubation. We instilled the same dye in the oral cavity of the animals, and we analyzed the presence or not of leakage in the trachea after the region of the cuff after their deaths (animal sacrifice). All cuffs were inflated at the pressure of 30 cmH2O.

    RESULTS: We observed the passage of fluids through the cuff in all in vitro and in vivo experimental models.

    CONCLUSION: We conclude that, as well as several other cuff models in the literature, the RUSCH® 7.5 mm tube cuffs are also not able to completely seal the trachea and thus prevent aspiration of oropharyngeal secretions. Other prevention measures should be taken.

    Descriptors: Thoracic Duct. Thoracic Wall. Tracheal Stenosis. Respiratory Aspiration of Gastric Contents. Suction.

  

   

   

  INTRODUCTION

  The orotracheal intubation (OTI) procedure is used in cases in which invasive mechanical ventilation (IMV) is required, such as in intensive care units (ICU) and some general anesthesia. The first reported use of OTI was described by Dobel[1].

  Although it is a routine medical procedure, the OTI can bring numerous complications, including dental fractures, esophageal intubation, selective lung intubation, bronchoaspiration, tracheal injury, mucosal lesions and tracheal stenosis[2-4]. The morbidity associated with OTI is attributed to factors such as size of the tube, pressure of the cuff, movement of the tube or accidental extubation[5,6].

  The main goals of the OTI are to ensure the pulmonary gas exchange through IMV and protect the airway from the bronchoaspiration of oral and gastric contents. For this purpose, the endotracheal tube has a cuff that is permanently inflated after intubation on its distal end, isolating and protecting the airway from the digestive pathway[1,3,5].

  Tubes and cuffs of various materials and models are in constant improvement in search for a "perfect" model, as the pressure of the endotracheal tube cuff must be able to ensure the passage of adequate pressure volume, through mechanical ventilation, and it must also be sufficient to prevent aspiration of secretions that accumulate on the cuff and, at the same time, cannot compromise the tracheal perfusion. A minimum pressure of 20 cmH2O is recommended so that the aspiration of secretions above the cuff and pneumonia associated to mechanical ventilation can be prevented[7].

  The upper limit of the pressure of the cuff associated with the impairment of the tracheal capillary perfusion varies in the literature between 30 and 50 mmHg[8]. This limit is important because excess pressure in the cuff, although apparently increasing the seal with the trachea wall to prevent aspiration, can compromise not only the tracheal perfusion, but can increase the chance of complications in the long term, such as tracheitis, tracheomalacia, tracheal stenosis, among others[2,5,9-11].

  This concern with the quality of the seal of the cuff is justified because of the risk of microaspiration occurring in critical patients under prolonged OTI, which, associated with a weakened immune system, lead to a high incidence of pneumonia associated with mechanical ventilation (PAMV), responsible for high morbidity and mortality and high hospital costs[12].

  Objectives

  The primary objective of this study was to analyze the effectiveness of the endotracheal tube seal of the RUSCH® cuff on the trachea (at the upper limit of pressure in the cuff: 30 cmH2O) and obtain the physical and mechanical aspects related to the prevention of the flow of secretions.

  The secondary objective of the study was to measure the actual area that the cylindrical cuff has contact with the tracheal mucosa.

   

  METHODS

  Study Design

  The design of the experimental study has two aspects: in  vitro and in vivo. We used 7.5 mm endotracheal tubes (RUSCH®) in both studies, as they are the most widely used tubes in adults. The measures described have been carried out with the use of a caliper with precision to one-hundredth of a millimeter (Mitutoyo® 530 series), and the data were rounded to the decimal for purposes of calculations. The pressure of the cuff was measured with a precision manometer, VBM® model.

  Description of the in vitro experiment:

  WE used the body of a 10 mL plastic syringe as a trachea model, since it has a diameter that approaches the trachea of an adult. The 7.5 mm orotracheal tube was introduced in the trachea model and its cuff was then inflated to the pressure of 30 cmH2O confirmed by the manometer. Direct measures were carried out for diameter, perimeter and area of contact of the cuff with the wall of the syringe. The sealing capacity of the cuff to prevent the flow of secretion was tested by applying 3ml of methylene blue diluted in 10 ml of water through the upper portion of the body of the syringe and observing if there was passage of the liquid through the outside of the cuff. The experiment was repeated twenty times and the values recorded. The dye was chosen as a qualitative marker of leakage (microaspiration); thus, there was no concern in measuring the amount of secretion leaked in this study.

  Description of the in vivo experiment:

  The experiment was approved by the Committee of Ethics in Animal Experimentation of the Institute of Biology of the University of Campinas (Unicamp), protocol number 2612-1. We used 12 Large White pigs (weighting approximately 30 kg). The animals were already being used for other experimental studies (which did not involve the cardiopulmonary system, aiming at the non-interference on the results, and were used because of ethical issues). The pressure in the cuff was measured with the manometer shortly after intubation and throughout the experiment; when necessary, we adjusted it to 30 cmH2O. For each animal, we injected 3 ml of methylene blue diluted in 10 ml of water into the oral right rima. After remaining in IMV for 3 to 6 hours, the animals were sacrificed with intravenous potassium chloride, and, without being extubated, the trachea was carefully open so that we could visualize the presence or absence of methylene blue below the region where the cuff was inflated (aspiration of contents).

   

  RESULTS

  The in vitro study

  Test of in vitro Instillation of Methylene Blue

  By externally instilling methylene blue in the upper portion of the inflated balloon, we observed the immediate leakage of the liquid around it (Figure 1). At the end of four minutes of experiment, there was the passage of all the fluid injected in all artificial models.

  
    

    [image: Fig.1 - Cross-sectional area of the tube (A) demonstrates its outer ring and inner cuff.]

  

  Direct measurements

  In the analysis of 20 endotracheal tubes, we reached a cuff diameter of 30.90 mm (29.82 to 31.15). The length of the cuff surface parallel to the tube was 2.20 mm (2.00-2.30).

  Indirect Measurements

  Pressure Effect

  Diameter: for the 7.5 mm endotracheal tube, with the pressure in the cuff equivalent to 30cmH2O (or 0.03 atmospheric pressure unit), we found the average measure of its diameter as 30.90 mm.

  Perimeter: considering a circular cross-section in the cuff, the perimeter would be given by the following formula: perimeter = 2 x pi x radius, with a radius of 15.45 mm, obtained by dividing the diameter (30.90mm). Therefore, the perimeter found for the cuff was 97.08 mm (2 x 3.1416 x 15.45).

  Area of contact of the cuff with the trachea: we measured it through its central portion, parallel to the tracheal wall with the inflated cuff. The contact area of 2.20 mm can be obtained by multiplying the perimeter by the longitudinal extension. Therefore, the area of contact of the cuff was obtained by the formula: area = width x length. That is, area = 20.00 mm x 97.08mm = 213.58mm2 or 21.36cm2.

  Mass of weight over the area: an atmospheric pressure (atm) is defined as equivalent to the application of 10 tons in an area of 1m2 or 10,000 Kg per 10,000 cm2, or even 1 atm corresponds to 1kg per cm2 of force.

  Extrapolating these data for the pressure of the cuff on the wall of the trachea, we must consider a cuff inflated to the pressure of 30 cmH2O or 0.03 atmospheric pressure units with contact area of the cuff of 21.36 cm in a 7.5 mm tube. The mass of the section of the trachea in contact with the cuff is given by: 1000 gr/cm2 = 1 atm x 0.03 atm = X gr (X gr = 1000 X 0.03 = 30 gr per cm2), with a contact area of 21.36 cm2 between the cuff and the wall of the trachea; in the area of contact with the cuff, we have a mass equivalent to 30 gr x 21.36 cm2 = 640.8 gr of weight on the trachea.

  Contact surface effect

  Perimeter of the cuff: The average measure of the diameter of a trachea varies with age, gender and race. Himalstein & Gallaguer[13] measured, in autopsies, the tracheal diameter of 100 men without any known tracheobronchial abnormalities. Based on these data, we used the mean sagittal diameter of trachea of 16.9 mm[14]. The human trachea measures approximately 12 cm in length, ranging from 9 to 16 cm. Its external diameter measures 23 mm laterally and 18 mm in the anterior-posterior diameter[15], based on the mean internal measurement of 17 mm for an adult, which is obtained applying the formula to calculate the perimeter (2 x pi x radius), with radius equal to 8.5 mm, obtained by dividing the tracheal diameter of 53.41 mm.

  In comparison with the 7.5 mm endotracheal tube, we have that the perimeter of the inflated cuff at a pressure of 30 cmH2O is 97.08 mm.

  Difference between the measures of the perimeters of the cuff (7.5 mm tube) and the trachea

  It is given through the subtraction of the perimeter of the cuff from the tracheal perimeter. Therefore, Δ of area = 97.08 – 53.41 = 43.67 mm or 4.37 cm.

  This means that the inflated cuff measuring 97.08 mm needs to be accommodated within another tube (trachea) that measures only 53.41 mm.

  After the inflation of the cuff with 0.03 atm pressure, there is a redundancy of 4.37 cm of the plastic that makes up the cuff inside the trachea. Therefore, we conclude that the cuff does not behave the same way inside and outside the trachea.

  There is a uniform distension of the cuff when it is inflated, which does not occur inside the trachea. During the in vitro performance of the experiment, we observed the formation of recesses on the surface of the cuff studied, named "longitudinal channels".

  Results of the in vivo study

  After the sacrifice of the animals with IV KCl, the tracheae were carefully extracted with a margin of 4 cm above and 4 cm below the location of the cuff.

  Of the 12 pigs studied, there was a bluish dyeing of the mucosa after the cuff (just below it) in 100% of the observed tracheas. As this was a qualitative analysis, the amount of secretion leaked was not measured (Figure 2).

  
    

    [image: Fig. 2 - Porcine trachea isolated with a tracheal tube with cuff (*) inflated at 30cmH2O pressure. ]

  

   

  DISCUSSION

  The main result of the in vitro study was the maximum leakage of the injected solution in less than 7 minutes. Similar results were found in the study of Dave et al.[13] with similar study design, in which there was the passage of all the liquid injected at the superior part of the artificial trachea above the cuff on all PVC pipes without prior lubrication.

  The passage (leakage) of secretions after the cuff is a phenomenon that is known and already described in patients under OTI with tubes with high-volume and low pressures. This finding can be explained by the formation of longitudinal channels on the surface of the cuff, which were recognized as responsible for the passage of this secretion, even with the inflated cuff at appropriate pressures[14]. These longitudinal channels are formed from the redundancies of the inflated cuff plastic, which form "tunnels," with virtual light, which communicate the region just above the cuff with the region just below it, thus allowing the passage of secretions through the cuff [11,14-18].

  Longitudinal channels in the wall of the cuff were observed in this in vitro study. And, according to similar studies[16], the result found can also be explained by the formation of these channels.

  In the in vitro study, we also found secretion in the trachea below the cuff in all animals studied, which corroborates the hypothesis of occurrence of longitudinal channels present in the in vivo study, even with pressures in the upper limit of the safe range against ischemia of the tracheal mucosa (30 cmH2O).

  A possible solution to ease the passage of secretions by longitudinal channels would be the elevation of the pressure of the cuff. However, concerns in relation to the possible damage caused by this situation are widely discussed, as well as the prolonged permanence of the orotracheal tube. Extrapolating to the clinical setting, the complications to the patients requiring prolonged IMV can be worrisome[19-22].

  Some authors consider the maximum pressure of the inflation of the cuff as 25 cmH2O (18.40 mmHg) so that the capillary perfusion can be adequate[5,23]. If pressures greater than 25-30 mmHg are maintained for a certain time, damage can be caused. If a continuous pressure equal to or higher than 67.5 cmH2O (50 mmHg) is applied against the trachea during 15 minutes, the epithelium, tracheal membrane and cartilage can be destroyed. Thus, there must be a strict and frequent control of this pressure by the constant and continued measurement through a manometer.

  According to Marjot[24], a 38mmHg pressure in the cuff causes the obstruction of blood flow in the mucosa, and the pressure of the cuff must remain lower than 30mmHg to avoid this risk. Other authors[2,5,6,9,19,20] claim that damage caused to the trachea is inevitable when the pressure in the cuff is higher than the perfusion pressure of the tracheal mucosa (20-35 mmHg); however, there is also the concern about insufficient inflation, which is also harmful, since the aspiration of oropharyngeal or gastric contents may occur. Traumas to the trachea, such as destruction of the epithelium, ulceration, stenosis, dilation and rupture, are associated to the sum of the pressure exerted by the cuff on the tracheal mucous membrane, intubation time and contact area of the cuff with the trachea[21]. For some authors[2,3], the pressure from the side walls is limited at 30 cmH2O or 22 mmHg.

  Luna et al.[4] reported cases of patients who suffered swelling and rupture of the trachea despite the careful monitoring of the pressure of the cuff. According to the authors, the pressure in the cuff should not exceed 25 mmHg in patients with IMV that use a cannula with high-volume and low pressure. They also claim that the exact capillary pressure is not known, since it is impossible to measure it in normal conditions. On the other hand, the authors mention two known methods to calculate the capillary pressure of the trachea with approximate pressure of 25 mmHg and indirect functional measurement of the capillary pressure of approximately 17 mmHg[25,26].

  An injury caused by the pressure of the inflated cuff under the lining of the tracheal mucosa leads (in less than 48 hours) to varying degrees of inflammation and edema of the epiglottis and vocal cords[23,24]. Experimental studies demonstrate ulceration, even necrosis, of the larynx in the cases of use greater than 48 hours[21].

  Similarly, lower pressures were tested, such as 10cmH2O, resulting in important leakages of oropharyngeal secretions[27]. An appropriate limit for the minimum acceptable pressure so there is no microaspiration is still discussed, and the pressure of 25 cmH2O was suggested by Lomholt et al.[28] as the minimum to prevent it.

  This study has some limitations. In the in vitro model, although the diameter is similar to that of an adult trachea, the wall of the trachea is not rigid as the body of the syringe. The viscosity of the methylene blue is also not exactly the same as the oropharyngeal secretion. However, the characteristic of viscosity and composition of the secretions vary greatly between patients (e.g. different comorbidities, medications with anti-drooling effect, presence of vomiting, infection of the oral cavity and even enteral diet). For this reason, we chose to use only methylene blue.

  We also did not compare the use of positive expiratory pressure or lubricants around the cuff in this study. According to Lucangelo et al.[14], positive expiratory pressure may slow secretion leakage in in vitro models, and Young et al.[29] also showed that the rate of secretion leakage by the cuff is inversely proportional to the pressure of the cuff, varying with different positive expiratory pressures.

  Authors such as Blunt et al.[30] and Sanjay et al.[31] developed in vitro models to evaluate the effectiveness of using gel lubricants to fill the longitudinal channels and thus prevent or slow the leakage of secretion by the cuff. However, Dave et al.[13] say that this effect is transient and is lost in 24-120 hours. The authors also suggest that, to assess the quality of the seal of the cuff, the static in vitro models may be more suitable without using artifacts such as positive expiratory pressure or lubricants, because the difference between the effectiveness of the seals is more evident without this interference.

  A limitation of the in vivo model consists in the fact that we could have checked the pressure of the cuff at shorter time intervals in order to evaluate pressure change over time, since a pressure less than 25 cmH2O would be responsible for the leakage of fluids. On the other hand, intermittent measurements of the pressure of the cuff, with greater intervals, are closer to the routines in Intensive Care Units.

   

  CONCLUSION

  Similar to other works regarding the quality of the seal of the cuff, there was the passage of fluid in this study both in the in vitro and in vivo models for the cuff inflated with pressures considered as ideal.

  Given this result, we can conclude that inflated cuffs with pressure regarded as ideal to prevent the ischemia of the tracheal mucosa are not able to completely seal the trachea against aspiration of oropharyngeal secretions, which may pose risks to patients intubated or under general anesthesia in lengthy surgeries.

  Different models of endotracheal tubes and cuff measures and formats, such as continuous supraglottic aspiration, have been used; however, an ideal model is yet to emerge. While the ideal cuff is not developed, it is of great importance to take all precautions for the prevention of microaspiration, as well as the optimization of the time of intubation.
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    ABSTRACT

    OBJECTIVE: To evaluate the influence of the type of prosthesis in-hospital mortality in the post-operative period in patients who had valve replacement.

    METHODS: A cross-sectional data, such as gender, origin, age, etiology, echocardiograph data, the type of surgery performed and the prosthesis used in cases of valve replacement were analyzed retrospectively.

    RESULTS: We reviewed 353 charts of patients who underwent valve replacement surgery. The mean age was 41.87±17.9 years. Regarding gender, 52.8% were female. As for the origin, 61.1% came from small cities within the state. Of all patients, 58.5% suffered from rheumatic disease. Assessing the type of prosthesis implanted, 70% held replace by bioprosthesis and 30% metallic. The hospital mortality in this study was 11%, with no significant difference between the types of prosthesis utilized.

    CONCLUSION: The type of implant used had no effect on in-hospital mortality.

    Descriptors: Mortality. Heart Valve Diseases. Heart Valve Prosthesis.

  

   

   

  INTRODUCTION

  Valvular heart disease is a major public health problem. Since the 50s, the prevalence of valve disease in developed countries has been varying from rheumatic etiology to degenerative valve disease[1]. In the early twentieth century, rheumatic disease (RD) was a major cause of morbidity and mortality among young people in developed and developing countries[2,3], affecting them in a similar way. This pattern changed due to several factors, including early diagnosis, appropriate treatment of RD and also due to increased life expetancy leading to valve disease in older individuals.

  Rheumatic disease, even nowadays, has a high prevalence in developing countries such as Brazil, which is an important cause of cardiovascular disease and is responsible for high costs to the public health system. According to data provided by MS, during the year 2011, there were 5,512 hospital admissions due to acute rheumatic fever and 8,127 presenting with rheumatic valvular disease[4].

  The postoperative in-hospital mortality rate is very variable, mostly due to the severity of hospitalized patients and the degree of experience of the surgical team. According to other studies, the mortality rate varies between 1% and 15%[1,5-8]. After 40 years of experience with valve replacement surgery in the country, the decision by the most appropriate type of prosthesis to be implanted in surgery is still controversial and sometimes complicated, especially for patients coming from rural areas or small towns.

  There is not an ideal substitute. There is a low risk of thromboembolic events and bleeding in the use of bioprosthesis, but its durability is short. On the other hand, the metallic prosthesis may offer longer duration, but with greater risk for such events [9]. Marchand et al.[10] and MyKen et al.[11] demonstrated satisfactory progress in the survival of patients after 14 and 15 years, respectively, bioprosthesis structural dysfunction free in both atrioventricular and aortic site.

  There are few studies evaluating the mortality in patients with heart valve disease. The focus of this study is to evaluate the impact of the choice of prosthesis on in-hospital mortality rate in patients with rheumatic and non-rheumatic heart disease who underwent surgical valve replacement.

   

  METHODS

  Analytical cross-sectional study with convenience sampling of patients who underwent valve replacement surgery during a period of three years at Ana Nery Hospital, Salvador, Bahia, Brazil.

  All data were obtained from medical records. Data analysis was performed based on the guidelines for reporting morbidity and mortality after cardiac valve interventions[9]. Thirty-five patients were excluded for lack of recorded data; thus, the total sample was 353.

  Data were analyzed using SPSS version 17.0. Continuous variables had their normality tested with the Kolmogorov-Smirnov test. To compare the means, the T test was used for normally distributed variables. The chi-square test was used to compare categorical variables. The p value adopted as statistically significant was P<0.05. The project was approved by the Ethics Committee of Ana Nery Hospital under the 59/10 protocol.

   

  RESULTS

  The total sample studied was 353 patients undergoing valve replacement surgery, and 73 of these were submitted to valve replacement and valvuloplasty. The male sex represented 49.6% (n=175) of them and 50.4% (n=178) were female. The age of the study population ranged from 6 to 82 years and the average age was 41.87±17.9 years. We observed a greater number of individuals from the contryside or rural areas (n=216, 61.2%) compared to the capital (n=137, 38.8%) (demographic data - Table 1). We also observed a total of 698 affected valves, 282 (40.4%) were mitral, 214 (30.7%) aortic, 183 (26.2%) tricuspid and 19 (2.7%) were pulmonary valves. Among them, 53 (7.6%) showed stenosis, 461 (66%) had insufficiency and 184 (26.4%) had double lesion.
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  The patients were also divided according to their main mechanism of valve lesion: 204 (57.8%) had rheumatic disease as the main cause for valve disease and 134 (38%) had valvular disease due to other causes, such as prolapse, secondary to ischemia or degenerative disease, and 15 (4.2%) had no definite etiology.

  Regarding the type of prosthesis used, 70% (n=247) were replaced by bioprosthesis and 30% (n=106) by metal prosthesis. The preference to use bioprostheses was observed in all age groups (Figure 1).
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  The overall mortality was 11% (n=39), and we did not observe difference between the type of prosthesis on overall mortality. The mortality caused by mechanical valve in comparison with bioprosthesis was 30.7% (n=12) x 69.3% (n=27), respectively, P=0.915. When analyzing only patients with rheumatic disease, we could not also observe a statistically significant difference in mortality rates between the metal prosthesis x bioprosthesis, 33.3% (n=3) x 66.7% (n=6), respectively, P=0.586.

  The mean age ± SD for the patients who died was 54.49±21.9 years, versus 41.19±16.8 years of those who were discharged, P=0.000 (Figure 2).
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  Among the patients who died, 33 were submitted to only one valve replacement. Therefore, there was no impact of the double valve replacement on mortality. In relation to the location of valve replacement surgery, the results are shown in Figure 3.
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  DISCUSSION

  There was a high prevalence of rheumatic valve disease (58.5%) in this study, and these data are consistent with previous data on rheumatic disease, which is a major cause of heart disease in developing countries[10]. There was no effect on mortality regarding the type of implant used in valve replacement surgery.

  The postoperative mortality rate is very variable and is influenced by many factors, such as multiple replacement valve, affected site, reoperation and presence of other associated procedures. This study demonstrated a 10.6% mortality rate, which is in agreement with the literature data ranging from 1% to 15%[12,13]. The average age of patients who died was 54.4±21.5 years, higher than the total study sample (40.40±16.8 years), P=0.001. This difference is probably due to valves with more severe lesions, associated or not with higher presence of comorbidities in older population, since there was no association between the type of prosthesis and mortality when age was taken into consideration.

  Patients who underwent mitral valve replacement had a higher mortality, regardless of the type of prosthesis used. This finding is consistent with what is reported in the literature[7,14,15].

  The impact of the choice of valve prosthesis for patients who have rheumatic etiology has not been established. The use of bioprosthesis in this population influences the late mortality, since it may be a new procedure after a few years, a previous study shows mortality similar to the first surgery (1% to 15%)[16]. However, Cen et al.[17] published in 2001 that the choice of the type of implanted prosthesis did not statistically interfere in survival of patients undergoing valve replacement in 10 years.

  In our study, we observed that victims of rheumatic sequel were young adults, especially women, resulting in socio-economic repercussions as increased costs of public health and the reduction of labor input.

  This study shows that the most frequent injury was the valve regurgitation (66.2%) followed by double lesion (25.9%) and stenosis (7.9%), in disagreement with the literature where it is shown a prevalence of stenotic lesions . However, this is a difficult comparison to make due to the scarcity of data on the prevalence of specific lesions, especially in rheumatic disease[18].

  It is generally very difficult to assess these patients due to poor adherence to treatment, since their families need to take long trips, dealing with cost of food and stay, in a scenario of a limited family budget. Unfortunately, this is a negative milestone for the treatment with impact on the choice of the prosthesis and possible consequences for a later outcome[19]. The higher prevalence of bioprosthesis in the present study can be justified by the large number of countryside patients without adequate specialized medical services, a fact that often leads to poor adherence to treatment and prevent the institution from anticoagulant therapy.

  The type of prosthesis did not have influence on in-hospital mortality in the study population, however, it can be considered an important prognostic factor for late mortality in patients suffering from valvular diseases with high prevalence of rheumatic etiology. Therefore, cohort studies with similar populations, especially in developing countries, should be encouraged.

   

  REFERÊNCIAS

  1.	Iung B, Vahanian A. Epidemiology of valvular heart disease in the adult. Nat Rev Cardiol. 2011;8(3):162-72.

  2.	Soler-Soler J, Galve E. Worldwide perspective of valve disease. Heart. 2000;83(6):721-5.

  3.	Vahanian A, Baumgartner H, Bax J, Butchart E, Dion R, Filippatos G, et al; Grupo de Trabajo sobre el Tratamiento de las Valvulopatías de la Sociedad Europea de Cardiología. Guidelines on the management of valvular heart disease. Rev Esp Cardiol. 2007;60(6):1e-50e.

  4.	Brasil. Ministério da Saúde. DATASUS. Informações de Saúde. Mortalidade, 2011. Brasília: Ministério da Saúde;2012.

  5.	Feguri GR, Macruz H, Bulhões D, Neves A, Castro RM, Fonseca L, et al. Aortic valve replacement with different types of prosthesis: are there differences in the outcomes during hospital phase? Rev Bras Cir Cardiovasc. 2008;23(4):534-41.

  6.	Almeida AS, Picon PD, Wender OC. Outcomes of patients subject to aortic valve replacement surgery using mechanical or biological prostheses. Rev Bras Cir Cardiovasc. 2012;26(3):326-37.

  7.	Stassano P, Di Tommaso L, Monaco M, Iorio F, Pepino P, Spampinato N, et al. Aortic valve replacement: a prospective randomized evaluation of mechanical versus biological valves in patients ages 55 to 70 years. J Am Coll Cardiol. 2009;54(20):1862-8.

  8.	Astor BC, Kaczmarek RG, Hefflin B, Daley WR. Mortality after aortic valve replacement: results from a nationally representative database. Ann Thorac Surg. 2000;70(6):1939-45.

  9.	Pomerantzeff PM, Brandão CM, Cauduro P, Puig LB, Grinberg M, Tarasoutchi F, et al. Fisics-Incor bovine pericardial bioprostheses: 15 year results. Heart Surg Forum. 1998;1(2):130-5.

  10. Marchand MA, Aupart MR, Norton R, Goldsmith IR, Pelletier LC, Pellerin M, et al. Fifteen-year experience with the mitral Carpentier-Edwards PERIMOUNT pericardial bioprosthesis. Ann Thorac Surg. 2001;71(5 Suppl):S236-9.

  11. Mykén P, Bech-Hanssen O, Phipps B, Caidahl K. Fifteen years follow up with the St. Jude Medical Biocor porcine bioprosthesis. J Heart Valve Dis. 2000;9(3):415-22.

  12. Pomerantzeff PM, Barbosa GV, de Sousa Filho BS, Brandão CM, Ribeiro EJ, Costa FD, et al. Guidelines for surgery in heart valve diseases. Arq Bras Cardiol. 2004;82(Suppl 5):22-33.

  13. Bottio T, Rizzoli G, Caprili L, Testolin L, Thiene G, Gerosa G. Biological versus mechanical aortic prosthesis? A nineteen-year comparison in a propensity-matched population. J Heart Valve Dis. 2005;14(4):493-500.

  14. Filsoufi F, Chikwe J, Castillo JG, Rahmanian PB, Vassalotti J, Adams DH. Prosthesis type has minimal impact on survival after valve surgery in patients with moderate to end-stage renal failure. Nephrol Dial Transplant. 2008;23(11):3613-21.

  15. Silberman S, Oren A, Dotan M, Merin O, Fink D, Deeb M, et al. Aortic valve replacement: choice between mechanical valves and bioprostheses. J Card Surg. 2008;23(4):299-306.

  16. Brandão CMA, Pomerantzeff PMA, Souza LR, Tarasoutchi F, Grimberg M, Oliveira SA. Fatores de risco para mortalidade hospitalar nas reoperações valvares. Rev Bras Cir Cardiovasc. 2002;17(3):236-41.

  17. Cen YY, Glower DD, Landolfo K, Lowe JE, Davis RD, Wolfe WG, et al. Comparison of survival after mitral valve replacement with biologic and mechanical valves in 1139 patients. J Thorac Cardiovasc Surg. 2001;122(3):569-77.

  18. Fernandes AM, Bitencourt LS, Lessa IN, Viana A, Pereira F, Bastos G, et al. Impact of socio-economic profile on the prosthesis type choice used on heart surgery. Rev Bras Cir Cardiovasc. 2012;27(2):211-6.

  19. Gus I, Zaslavsky C, Seger JM, Strehl Machado R. Epidemiology of rheumatic fever. A local study. Arq Bras Cardiol. 1995;65(4):321-5.

   

   

  Correspondence address:

  Felipe da Silva Pereira

  Rua Saldanha Marinho - Caixa d'Água 

   Salvador, BA, Brazil – Zip Code: 40320-010

  E-mail: fs.pereira@globomail.com

  Article received on August 20th, 2013.

  Article accepted on December 11th, 2013.

   

   

  This study was carried out at Hospital Ana Nery (HAN), Salvador, BA, Brazil.

  No financial support.

   

   

  
    [image: Abbreviations]

  

  
    [image: Authors' roles]

  





  DOI 10.5935/1678-9741.20140038

  ORIGINAL ARTICLE

  
    Portugal IBM, Ribeiro IL, Sousa-Rodrigues CF, Monte-Bispo RF, Rocha AC. Distribution of saphenous vein valves and its pratical importance. Rev Bras Cir Cardiovasc 2014;29(4):564-8

  

  
    Distribution of saphenous vein valves and its pratical importance

  

   

  Distribuição das válvulas da veia safena magna e sua importância prática

   

   

  Isabella Batista Martins PortugalI; Igor de Lima RibeiroI; Célio Fernando de Sousa-RodriguesII; Rodrigo Freitas Monte-BispoIII; Amauri Clemente da RochaIII

  IUniversidade Estadual de Ciências da Saúde de Alagoas (UNCISAL), Maceió, AL, Brazil

  IIPhD. Universidade Estadual de Ciências da Saúde de Alagoas (UNCISAL), Maceió, AL, Brazil

  IIIMsC. Universidade Estadual de Ciências da Saúde de Alagoas (UNCISAL), Maceió, AL, Brazil

   

  
    ABSTRACT

    OBJECTIVE: Among the veins used as a graft in myocardial revascularizations and ends, great saphenous vein is the most used. Knowing the presence and location of valves has great importance when evaluating the surgical anatomy of the great saphenous vein. Despite major surgical application and many works involving great saphenous vein, the number of valves present in it from the saphenous hiatus to the medial epicondyle of the femur is still described inaccurately. The objective of this study is to quantify the valves of the great saphenous vein from the saphenous hiatus to the medial epicondyle of the femur to determine the best portion of the great saphenous vein to perform revascularization surgeries.

    METHODS: This is a crosssectional observational study in which it was analyzed great saphenous vein extracted from 30 cadavers. It was measured the length of the veins; (diameter) at its proximal, middle and distal, quantifying the number of valves in each one and the total number of valves at the great saphenous vein.

    RESULTS: The frequency of valves in the great saphenous vein taken from the medial epicondyle of the femur to the saphenous hiatus was 4.82, ranging between 2 and 9. Moreover, there is a significant difference in the number of valves in the proximal and distal relative to the average.

    CONCLUSION: the median and distal portions of the saphenous vein in the thigh, are the best options for the realization of bridges due to the fact that these portions have fewer valves which therefore would tend to decrease the risk of complications connected with the valves in these grafts.

    Descriptors: Venous Valves. Saphenous Vein. Myocardial Revascularization.

  
  
   

   

  INTRODUCTION

  Among the materials used for revascularization, the veins can be used in various parts of the body. Among them, the great saphenous vein (GSV) is the first choice. Its use as an implant during coronary artery bypass surgery and lack of being affected by varicose disease has aroused the interest of researchers. This vessel remains an essential component in strategies for coronary artery bypass grafting in humans. The vessel is used alone or in combination with arterial grafts and has the advantage of being available autologous vascular tissue in most patients in need of such surgeries[1]. Its use in composite graft with the left internal thoracic artery (LITA) could allow complete revascularization of the left coronary system (LCS) without a cardiopulmonary bypass (CPB) and without ascending aorta (MAA) in order to reduce some risks and complications in the immediate postoperative period. The autologous saphenous vein also remains a nearly ideal prosthetic element be low the inguinal ligament. That, depending on the outcome of patients in the progression of atherosclerotic disease especially in the revascularization of the tibia arteries, because they tolerate more flow limit[2].

  Knowledge of the presence and location of valves is of great importance when assessing the surgical anatomy of the GSV. Generally, the valves are located along the vein and immediately below the mouth of major tributaries. Almost always, one or two valves are present in its termination or mouth. The GSV has often an ostial or ostial valve and a subostial valve. Knowledge of the presence of these valves makes us better understand the pathophysiology of trunk varicose veins of the GSV, since insufficient ostia valves can cause the appearance of these anomalies[3]. Another important role of valves, the saphenofemoral junction, for example, is to prevent the flow of popliteal[4], or femoral veins.

  This vein begins above the medial malleolus, ascends obliquely, and passes postero - medially to the medial condyle of the tibia and femur and along the medial aspect of the thigh through the saphenous gap[5]. It has numerous valves that are irregularly distributed throughout its length[6]. The GSV has 10 to 12 valves, which are more numerous than the leg at the thigh. These valves are usually located just below the veins sections[7]. The blood drained by the venous system of the lower limbs flows back to the heart through the thick veins and is maintained by unidirectional valves, usually bicuspid, which close as its contents move toward the center vein[8].

  Despite extensive surgical application and many works involving the GSV, the number of existing valves from the saphenous hiatus to the medial epicondyle of the femur is further described inaccurately. The objective of this study is to quantify the valves of the GSV from the saphenous hiatus until the medial epicondyle of the femur, dividing the GSV into three regions, comparing the number of valves between them and indicating the portion with fewer valves, thus determining the best portion GSV for performing CABG surgeries.

   

  METHODS

  In the transversal method and observational study, great saphenous veins were taken from 30 cadavers during autopsies at Alagoas Services and analyzed. These veins were excluded from the corpses with disorders that brought certainty to the study, namely anemia, varicose veins, previous surgery, deformities, obesity and mellitus diabetes. After approval from the Ethics Committee in Research of the Universidade Estadual de Ciências da Saúde de Alagoas (UNCISAL), and the signing of consent from the statutory bodies responsible, we measured the lengths of the thighs and their diameters in their proximal, middle and distal portions. After this, the dissection of the GSV by traditional techniques was performed by making a long single incision along the venous path from the saphenous hiatus to the medial epicondyle of the femur (Figure 1). The ends of the veins were labeled with cotton thread at the proximal long and short on the distal. They were then identified and stored in a refrigerator.

  
    

    [image: Fig. 1 – Dissected great saphenous vein]

  

  At The Laboratory of Descriptive and Topographic Anatomy of UNCISAL - Maceió (AL), the measurements of the variables of the length of the veins were performed; (diameter) at its proximal, middle and distal portions; quantification of the number of these valves and the total number of valves in the VSM. The measurements were made with the aid of tape measure and caliper manual mechanical METRICA®.

   

  RESULTS

  The average number of valves of the saphenous vein taken from the medial epicondyle of the femur to the saphenous hiatus is 4.82, and 4.77 in the left leg and 4.87 in the right. The analysis of the total number of valves in the GSV was performed by quantitative descriptive analysis with a sample of 60 veins, this being 30 from the right leg and 30 from the left, from 30 adult cadavers of both sexes. Of these cadavers, 21 were male and 9 female. All valves were observed to be bicuspid. The minimum amount found was 2 valves and maximum of 9. The average was 4.8167 with a maximum standard deviation of 1.6518 and minimum standard deviation 0.2132. The median of each portion is shown in Table 1. The value of the number of valves that occurred in more proximal portions was 2 and in other portions, 1. Comparing the mean diameter (DM) of the portions, it was found that the MD of the proximal portion of the left saphenous vein was 4.96 millimeters (mm) and 4.78 mm from the right, the left middle portion was 4.05 mm right and 3.86 mm, DM left distal portion is 3.42 mm and 3.23 mm from the right.
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  Analysis of the distribution of valves between the portions of the veins was performed by ANOVA with Tukey post-test. In both the left and the right, there was no significant difference in the number of valves between the middle and distal portions. However, there was significant difference in the number of valves in the proximal and distal relative to the average.

  Analysis of the distribution of valves between the left and right proximal portions was made by the student's t test and no significant result (P (bilateral)=0.64) with a confidence interval (95%) 0.33 to 0.53. The sample size is 30 for each side.

  Analysis of the distribution of valves between the mean left and right portions was made by the student's t test, with no significant result (P (bilateral)=0.88) with a confidence interval (95%) 0.42 to 0.48.

  Analysis of the distribution valve between the left and right distal portions and was performed by the student's t test showed no significant result (P (bilateral)=0.1966) with a confidence interval (95%) 0.59 to 0.12.

  A linear regression analysis of the number of valve relative to the thigh length, diameter, length of the thigh vein and vein diameter were not significant (P=0.08), with the multiple correlation coefficient 0.32. No statistical significance was related to gender (Table 2). The sample size was 21 saphenous veins in males and 9 in females, with 95 % confidence interval (Diff between averages): 1.37 to 1.66. The length of the saphenous vein from the medial epicondyle of the femur to the saphenous hiatus divided by the number of valves 68 mm in males and 59 mm in females.
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  Sample distribution and number of valves per age group are shown in Table 3. The analysis of the distribution valves for age was performed using Pearson correlation. No significance was found between age and distribution of valves in both GSV left (r(Pearson)=0.2651, (P)=0.1567) and in the right (r (Pearson)=0.0806, (P)=0.6719).
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  DISCUSSION

  The consensus is that the best graft for myocardial revascularization is the Magna Saphenous Vein. Among these, the most used is the left internal thoracic artery. As a second option, this is widely used for bypass surgeries. The presence of valves in this vein has not been a deterrent for utilization[1-4]. The widespread use of the autologous Saphenous Vein for direct myocardial revascularization procedures is mainly attributed to its easy and safe surgical removal, its almost ideal size and versatility, as well as their biological acceptance[9].

  The use of GSV in myocardial revascularization has become a well established method of acceptance in the treatment of refractory angina and improved prognosis. GSV grafts remain potent for about 10 years. However, 15% of the first block and the constant presence of year[10] valves in this vein has not been a hindrance to use[1-4].

  The permeability of the greater saphenous vein in the short and long term depends on several factors, such as high blood pressure, "distal coronary circulation" intramural ischemia, and progressive graft atherosclerosis. The human saphenous vein wall has a thin inner layer, separated from the support by a rudimentary internal elastic membrane. The wall consists of two distinct layers of muscle cells: a longitudinal inner layer mixed with collagen bundles and a circular outer layer.

  The adventitia is composed mainly of collagen bundles with scattered longitudinal fascicles of smooth muscle cells. Near the locations of the venous valves, the longitudinal layer muscle usually becomes thicker. The main finding in the histopathological study of GSV grafts is the intimal fibrosis layer, while in communication; only the longitudinal muscle layer was surrounded by sclerotic process. Although these lesions are generally considered to be an aging process, statistical analysis reveals that neither the inner or medial sclerosis is correlated to the age of patients[9]. Experimental evidence has shown that intact valves in veins, when reversed, can cause luminal narrowing, serve as a source of strength, and generate significant hemodynamic effects in coronary artery bypass grafts. Indeed, in a recent study, reversed arterialized vein grafts in an animal model of atherosclerosis. After 8 weeks, a significant thickening was observed in the gr afted distal wall of valves when compared with grafts without valves[11]. Spray & Roberts[6] reported subendothelial proliferation within a single valve when reviewing pathological changes in aortal-coronary grafts. Many of the studies cited in the study showed fibrosis of the venous valve as a cause of late segmental occlusion of venous grafts[5].

  Considering the characteristics of GSV, Sarzaeem et al.[10]  created a scoring system that takes into account the ramifications, varicosity, diameter and wall thickness of the GSV. Regarding the number of branches, which are directly related to the number of valves, GSV were classified as follows: [None, when there are no significant branches (1 point); Few, if there are three or less branches (2 points) or multiple, when more than three branches (3 points)]. In relation to the diameter when a vein segment is continuous, has an internal diameter of 3 mm to 5 mm, and progressively increases in proximal size is classified as normal (1 point). A vein segment with an internal diameter of more than 5 mm is classified as dilated (2 points). A vein segment with a lower inner diameter of 3 mm is classified as small (3 points).

  Three distinct described pathologic processes are well known to influence early or late failure of revascularization with GSV. During the first 30 days after surgery, up to 12 % of the grafts can become clogged, which is referred to as acute graft failure. Between one month and one year, neointimal hyperplasia (the accumulation of smooth muscle cells and extracellular matrix in the intimal compartment) can occur. Although this condition rarely leads to a clinically significant stenosis, it may provide the basis for developing atherosclerotic graft. After the first postoperative year, graft failure is delayed and can occur in the form of graft vascular disease (accelerated atherosclerosis), which is present in 17% of grafts after 6 years and in 46% of grafts after 11 years. In this study, 87.7 % of the grafts were potent at 1 year, similar percentages reported in other studies[10].

  The GSV has 10 to 12 valves, which are more numerous in the leg than in relation to the thigh and are usually located just below the perforated veins[7]. The number of valves in the saphenous vein has been reported to be 8 to 20, with many being below the knee[8]. Other studies claim that there are between 7 and 9 valves in the saphenous vein with an average of 3.5 (when above the knee) and 4 on average are located below the knee[12]. Some authors found between 5 and 11 valves in the saphenous vein with an average of 5.2 above the knee and 3.8 below the knee[13]. The latter feature also results closer to those observed in the results of our research.

  The average number of valves in the saphenous vein taken from the medial epicondyle of the femur to the saphenous nerve gap is 4.82 valves, but may vary between 2 and 9.

   

  CONCLUSION

  We conclude that it is extremely important to know the segments with the highest number of valves in the saphenous vein allowing surgeons, when possible, to have an option to choose the most appropriate segments; in the average or distal portion of the saphenous magna vein in the thigh, due to the smaller amount of valves, therefore, tend to decrease the risk of complications related to these structures in grafts.
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    ABSTRACT

    INTRODUCTION: In this retrospective study, we aimed to determine the risk factors for coronary artery bypass surgery in patients under 45 years of age, and evaluate the early postoperative results and the effect of gender.

    METHODS: A total of 324 patients under 45 years of age who undergone on-pump coronary artery bypass surgery between April 12, 2004 and January 10, 2012 were included to the study. Patients divided into groups as follows: Group 1 consisted of 269 males (mean age 41.3), Group 2 consisted of 55 females (mean age 41.6). Preoperative risk factors, intraoperative and postoperative data and early mortality rates of the groups were compared.

    RESULTS: Smoking rate was significantly higher in Group 1. Diabetes mellitus incidence and body mass index were significantly higher in Group 2 (P values P=0.01; P=0.0001; P=0.04 respectively). The aortic cross-clamping and cardiopulmonary bypass time and number of grafts per patient were significantly higher in Group 1 (P values P=0.04; P=0.04; P=0.002 respectively). There were no deaths in either group.

    CONCLUSION: We found that gender has no effect on early mortality rates of the coronary bypass surgery patients under 45 years.

    Descriptors: Cardiopulmonary Bypass. Coronary Artery Bypass. Education, Medical.

  

   

   

  INTRODUCTION

  Atherosclerotic coronary artery disease (CAD) is the leading cause of morbidity and mortality in the developed countries, and the World Health Organization estimate that it will be leading cause of death all over the world by the year 2020[1]. It primarily affects the 40 year and older population but younger males and females can also be affected[2]. In the autopsies of 760 accident, homicide or suicide victims aged between 15 and 34; it was founded that in 2% of the 15-19 year old males group there were advanced atheromas in the coronary arteries as well as there were no coronary lesions in the same aged females group[3]. In the same study, 20% of the 30-34 year old males group and 8% of the same aged females group had advanced coronary artery lesions[3]. In the 20-24 year old male group there were advanced coronary lesions in about 2% of the patients, but not in the female group. In the 25-29 year old male and female groups, the percentage of advanced coronary artery lesions were nearly the same (between 2 - 3%)[3].

  Young patients who had suffered myocardial infarction (MI), usually have more than one risk factors related with CAD. In results of some studies, it is reported that 90 – 97% of the patients had one or more risk factors for atherosclerosis[2,4,5]. Smoking[2-7], family member with CAD[2,5,7], hypercholesterolemia[2,3,5-7], diabetes mellitus (DM)[2,4,5,7], hypertension (HT)[2,3,5-7], obesity[2,3,6,7] and other risk factors such as oral contraceptives in young females, cocaine addiction, etc[8] may act as etiological factors in younger patients for coronary atherosclerosis.

  As the incidence of CAD in younger patients increases, the coronary artery bypass graft (CABG) surgery practice increases in this population. It is known that CABG surgery can prolong the life time especially in patients with left main coronary artery (LMCA) or 3-vessel disease when compared to medical therapy[9]. There are many studies concerning the results of CABG surgery in younger patients and many different results are reported in these studies about the risk factors for CAD. In this retrospective study, we evaluated the pre and postoperative data of the CABG surgery in 45 year old patients and younger aged male and female patients and aimed to determine the effect of gender on these parameters.

   

  METHOD

  Patient Selection

  In most of the studies, patients between 40 - 45 years of age are considered as "young"[2] so we decided to include the patients who were younger than 45 years in our study. A total of 324 patients were selected to be included to the study from the data pool of 5527 patients who underwent CABG surgery between April 12, 2004 and January 10, 2012 in Adana Numune Training and Research Hospital Fatma Kemal Timuçin Heart Center, Adana, Turkey. Off-pump CABG surgery, concomitant heart valve or aortic surgery, age over 45 years were criteria for exclusion.

  Patient groups

  Patients were divided into groups according to their gender. Group 1 consisted of 269 males (mean age 41.3) and Group 2 consisted of 55 females (mean age 41.6). All the patients were operated under standard cardiopulmonary bypass (CPB) circumstances. All the data of the following parameters of groups were compared: Smoking, diabetes mellitus, hypertension, chronic obstructive pulmonary disease (COPD), low-density lipoprotein (LDL) levels, body mass index (BMI), pre- and post-operative hematocrit (Htc), left internal mammarian artery (LIMA) graft utilization, the amount of blood product used, the length of intensive care unit (ICU) stay, aortic cross-clamping (ACC) and cardiopulmonary bypass time, inotropic agent administration, intra-aortic balloon pump (IABP) counter pulsation, preoperative ejection fraction (EF), postoperative drainage through chest tubes and mortality rates.

  Surgical procedure

  In the operating room, after electrocardiographically (ECG) and invasive blood pressure monitoring was set, general anesthesia protocol was followed. After median sternotomy and LIMA and saphenous vein graft harvesting, CPB was established with an ascending aortic and a single two stage right atrial cannula. After heparinization with bolus injection of 3 mg/kg of body weight heparin, cardiopulmonary bypass circuit was initiated with a roller pump and non-pulsatile flow technique. Moderate hemodilution (hematocrit value: 22 to 24%) and mild hypothermia (nasopharyngeal temperature: 32°C) were sustained during CPB. Pump flow rate during CPB was maintained at 2.4 l/m2/min and mean arterial blood pressure was sustained above 60 mmHg. A membrane oxygenator (Compactflo Evo, Dideco, Mirandola, Italy) was used for CPB. Pump prime was a volume of 1 liter of 0.9 % sodium chloride solution. Ante grade 10 ml/kg blood cardioplegia solution was administered through the aortic root cannula. After completion of each distal coronary anastomosis, 250 ml of cardioplegic solution was administered through the grafts. Ringer's lactate solution at 4°C was used for topical cooling of the heart. Left internal mammary artery grafts were reconstructed to the left anterior descending arteries (LAD) as the final anastomosis in all patients. Proximal anastomoses were implemented under partial aortic clamping.

  Preoperative data

  The mortality in the first post-operative 30-day period was used to compare the mortality rates of the groups. The total amount of hemorrhage through the mediastinal and thoracic drainage tubes until they were drawed was defined as mediastinal drainage. Re-operation for any reason (bleeding, cardiac tamponade, graft failure, etc) in the first postoperative 24 hour period was defined as postoperative revision. Other parameters were recorded as they were.

  Statistical Analysis

  All tests were performed using SPSS for Windows 13.0. Categorical values were expressed by numbers and percentages and the numerical values were expressed as mean±standart deviation. After normality tests were employed, Mann Whitney U test and chi-square (x2) test were used to compare groups. A P value less than 0.05 were accepted as significant.

   

  RESULTS

  The demographical data, risk factor distribution and co morbidities of the groups are shown in Table 1. Smoking rate was higher in Group 1, DM incidence and BMI were higher in Group 2 (P values P=0.01; P=0.0001; P=0.04 respectively). Age, HT and COPD incidence were not significantly different. There were no significant differences for the following data either: LDL levels, preoperative EF, Htc values, ventilator support duration, drainage through chest tubes, blood transfusion volumes, the length of ICU stay and length of hospital stay (Table 2).

  
    

    [image: Table 1. Demographic data of the groups and distribution of the risk factors]

  

  
    

    [image: Table 2. Clinic data of the groups]

  

  Graft counts in the groups were as follows (Group 1/Group 2 respectively): One vessel 26/10 patients, two vessels 84/25 patients, three vessels 126/17 patients, four vessels 30/3 patients and five vessels 3/0 patients (Table 3). The ACC happened to be 37.7±15 mins and CPB time was 67.5±23.6 mins in Group 1 and they were 33.3±13 mins and 60.5±22.5 mins respectively in Group 2. The ACC and CPB time and graft counts per patient were significantly higher in Group 1 (P=0.04; P=0.04; P=0.002) (Table 3). The LIMA graft utilization rate was 86.4% in the study population. It was higher in Group 1 and it was statistically significant (88.5% in Group 1; 76.4% in Group 2; P=0.03) (Table 3).
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  Inotropic agent support was needed for weaning from CPB in 46% of the patients. The EuroSCORE values of the patients were between 0 and 3. There was one patient that IABP support was needed for weaning from CPB in Group 1. No mortalities happened in either of the groups.

   

  DISCUSSION

  It is reported that sedentary life style, excessive consumption of fatty foods, smoking, HT, etc are more commonly seen in people with CAD[6]. These findings were confirmed in Framingham study and by observing the people with atherosclerotic diseases in younger ages. But it is also shown that advanced coronary artery disease may occur without the previous habits and risk factors[6].

  The coronary atherosclerosis is shown to be present in autopsy studies of the patients in their 20's and some studies report that about 19% of males in their early 30's have advanced coronary artery atherosclerosis (>40% stenos). Smoking, HT and dislipidemia are very important factors for premature CAD in young patients[6]. Besides that smoking is shown to be the main risk factor[2,6,8]. Kannel et al. [8] reported in Framingham study that smokers aged between 35 - 40 years have 3 times more relative risk of CAD according to non-smokers in the same age. Also the studies evaluating the results of younger age patient undergoing CABG surgeries showed high rates of smoking in their patient populations[7,9,10]. The smoking rate in our patient population was 56.5% and it was more common in males than females (P=0.007).

  In a study conducted in 1998, the smoking prevalence was in 62.8% of theTurkish male population and 24.3% in Turkish female population[11]. In our study, the smoking rate of males was similar to that data (59.9% vs. 62.8%) but it was remarkably higher in our female patient group (40% vs. 24.3%).

  Gu et al.[12] reported in their study that the most common etiology of mortality in diabetic patients younger than 40 years of age was CAD. Diabetics have 2 – 4 times higher risk of CAD according to non-diabetics[6]. It is not clear how the CAD progresses in young diabetic female patients despite the protective effect of estrogen[8]. Smoking and oral contraceptive administration together can increase mortality of CAD about 13.6 times[13]. Truncal obesity and high BMI are independent risk factors of mortality of CAD in females[8]. The DM incidence and BMI were found to be significantly higher in female patients in relation to males in our study (53% vs. 22%, P=0.0001; 27.7% vs. 26.2%; P=0.04 respectively).

  The results of CABG surgery are better in patients younger than 40 years. Five years survival rate is 92% and the 10 year survival rate is 86% but the same rates for the 65 years and older age population are 73% and 58%, respectively[14]. Rocha et al.[15] also reported that the in-hospital mortality of elderly patients was 8.9% in their study. In a meta-analyses Sá et al found no effect of gender, number of grafts and age on the outcomes[16]. The long term patency of internal mammarian artery (IMA) graft is better than saphenous vein graft so it is accepted to use IMA grafts for the LAD lesions in younger patients[17,18]. The utilization rate of LIMA graft is 86.4% in our study. It is significantly higher in Group 1 in relation to Group 2 (88.5%; 76.4% respectively; P=0.03).

  Wagner et al.[19] reported that they used LIMA grafts in all of the 126 patients under 40 years of age as well as 286 saphenous vein grafts (2.3 grafts per patient). Five of their patients needed IABP support and 1 patient needed left ventricle assist device. They reported their in-hospital mortality rate as 1.6% (2 patients)[17]. The graft count per patient in our study was 2.6 and 2.2 for Group 1 and Group 2 respectively. ACC and CPB duration, graft count per patient and LIMA graft utilization rates were higher in Group 1 (P=0.002; P=0.04; P=0.04; P=0.03 respectively). IABP support was needed for one patient and 46% of the patients needed inotropic agent support in our study. No mortality happened in either group.

   

  CONCLUSION

  Smoking appears to be the most important risk factor for both males and females under 45 years although DM and high BMI appear to be remarkable for the female population. We found that gender does not affect the early mortality rates in younger age population and postoperative period is shorter than for older age patients. We can say that to achieve the higher long term survival rates, at least one arterial bypass graft should be used and risk factors especially smoking, DM and BMI should strictly be kept under control.
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    ABSTRACT

    OBJECTIVE: To analyze the results of 125 carotid endarterectomies under loco-regional anesthesia, with selective use of shunt and bovine pericardium patch.

    METHODS: One hundred and seventeen patients with stenosis > 70% in the internal carotid artery on duplex-scan + arteriography or magnetic resonance angiography underwent 125 carotid endarterectomies. Intraoperative pharmacological cerebral protection included intravenous administration of alfentanil and dexametasone. Clopidogrel, aspirin and statins were used in all cases. Seventy-seven patients were males (65.8%). Mean age was 70.8 years, ranging from 48 to 88 years. Surgery was performed to treat symptomatic stenosis in 69 arteries (55.2%) and asymptomatic stenosis in 56 arteries (44.8%).

    RESULTS: A carotid shunt was used in 3 cases (2.4%) due to signs and symptoms of cerebral ischemia after carotid artery clamping during the operation, and all 3 patients had a good outcome. Bovine pericardium patch was used in 71 arteries < 6 mm in diameter (56.8%). Perioperative mortality was 0.8%: one patient died from a myocardial infarction. Two patients (1.6%) had minor ipsilateral strokes with good recovery, and 2 patients (1.6%) had non-fatal myocardial infarctions with good recovery. The mean follow-up period was 32 months. In the late postoperative period, there was restenosis in only three arteries (2.4%).

    CONCLUSION: Carotid artery endarterectomy can be safely performed in the awake patient, with low morbidity and mortality rates.

    Descriptors: Endarterectomy, Carotid. Anesthesia, Local. Stroke.

  

   

   

  INTRODUCTION

  Ischemic cerebrovascular accidents (CVAs) are the third most common cause of death in the United States[1]. Up to 52% of all ischemic cerebral infarctions are caused by extracranial atherosclerotic cerebrovascular disease, that is, by stenoses in the internal carotid arteries caused by cholesterol plaque  attached to thrombus[2]; it is known that the prevalence of carotid artery stenosis is high in patients with coronary disease and hypertension[1].

  The first carotid endarterectomy was performed by Dr. Michael E. DeBakey in 1953 (and published in 1959)[3]. After a period of initial enthusiasm, followed by another period of concern due to high rates of complications reported in the 1970s and 1980s[4], prospective and randomized studies with large number of patients have been performed in the United States and Europe to investigate more objectively which patients would benefit from this procedure[5-8]. These studies were published from 1995 to 2004, and demonstrated that carotid endarterectomy plus medical therapy were superior to medical therapy alone in preventing ischemic strokes and death in selected patients with hemodynamically significant stenosis (> 70%) in the internal carotid artery[5-8].

  It is estimated that more than 103,000 carotid endarterectomies are performed each year in the United States[1] with the aim of preventing ischemic strokes. However, there are still controversies regarding the type of anesthesia, cerebral monitoring and cerebral protection during the surgery, the use of a patch in closing the carotid artery and the criteria to use a carotid artery shunt.

  The aim of this study is to describe and assess the results of carotid endarterectomy under loco-regional anesthesia, with selective use of a carotid artery shunt and bovine pericardium patch.

   

  METHODS

  From April 1996 to November 2012, 125 consecutive carotid endarterectomies were performed on 117 patients under loco-regional anesthesia at the Vascular Surgery and Cardiovascular Surgery Services in the Red Cross University Hospital of Paraná, Curitiba. All patients were included in a prospective registry, and signed a written informed consent form before surgery. This study was approved by the Research Ethics Committee of the Positivo University.

  All patients received perioperative acetylsalicylic acid (325 mg/day), clopidogrel (75 mg/day) and statins (simvastatin 20 mg/day or rosuvastatin 10 mg/day). This medication was started 15 days before the procedure and maintained for 1 year or more. There were 8 bilateral procedures. Six of the bilateral carotid endarterectomies were performed with an interval ranging from 4 to 5 weeks and 2 were performed at a later date when the contralateral carotid artery became symptomatic. There were 77 male (65.8%) and 40 (34.2%) female patients. The mean age of patients was 70.8 years, ranging from 48-88 years. Comorbidities of this group of patients were: diabetes (n=99 or 84.6%), smoking (n=97 or 82.9%), hypertension (n=92 or 78.6%), peripheral artery disease (n=64 or 54.7%), dyslipidemia (n=63 or 53.8%), ischemic coronary artery disease (n=62 or 53%), chronic obstructive pulmonary disease (n=14 or 11.9%) and chronic renal failure (n=5 or 4.3%).

  The carotid arteries of all patients were assessed by color Doppler ultrasound along with digital subtraction angiography or magnetic resonance angiography with gadolinium. The arteriography and magnetic resonance were performed to confirm the presence of hemodynamically significant stenosis (seen on Doppler ultrasound) and to calculate the degree of stenosis. For this calculation, we used the method described in the NASCET study[7]. Carotid endarterectomy was indicated when the degree of stenosis in the internal carotid artery was greater than or equal to 70%.

  The surgery was indicated for symptomatic stenosis in 69 arteries (55.2%), and asymptomatic stenosis in 56 arteries (44.8%). The indications for operation are listed in Table 1. Among symptomatic patients, 42 had suffered transient ischemic attacks (33.6%), and 14 (11.2%) had experienced small cerebral infarcts. Thirteen patients (10.4%) had monocular blindness: 10 of them had experienced transient symptoms (amaurosis fugax), and 3 had permanent visual field defects. Three patients had total occlusion of the contralateral internal carotid artery. All asymptomatic lesions underwent surgery before coronary artery bypass grafting (31 cases), open repair of abdominal aortic aneurysms (14 cases), or major abdominal surgery (11 cases).
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  The technique used by our anesthesiology service was superficial and deep cervical plexus block, seeking to provide conditions for neurological assessment of the patient during the procedure in the operating room since, in our view, consciousness is the best parameter to know whether the patient's brain is suffering or not from ischemia. During pre-anesthetic assessment, we confirmed the possibility of performing the procedure and the patient was oriented regarding the loco-regional anesthesia. The patients were on continuous oxygen mask and were monitored with ECG, invasive blood pressure and strict control of heart rate; their brain function was monitored by the level of consciousness and motor activity in the upper and lower limb in the contralateral side of the body.

  Before loco-regional anesthesia, we administered a dose of 2 mg of dexamethasone intravenously. The superficial cervical plexus block was performed with subcutaneous injection of 5 to 10 ml of 0.5% ropivacaine along the posterior border of the sternocleidomastoid muscle. The deep cervical plexus block was performed with injection of the same anesthetic solution in the transverse processes of C2, C3, and C4 respectively located  2, 4 and 6 cm below the mastoid process, in a straight line drawn between the mastoid process and the C6 transverse process (Chassaignac's tuber). The needle was inserted perpendicular to the skin up to the transverse process and, after aspiration, 5 ml of solution was injected in each transverse process. The patient was maintained without sedation for improved neurological monitoring, and we used short-term opioids, such as alfentanil at a dose of 5 mg/kg if the patient had postural or emotional discomfort.

  The operating table was adjusted so that the patient stayed in a semi-upright position (at an angle of 45°). When necessary, sodium nitroprusside in a dosage of 0.05 micrograms per kilogram of body weight per minute was administered using an infusion pump in order to keep the mean arterial pressure (MAP) at the level of the measures that had been obtained in the pre-anesthetic assessment (MAP between 100 and 120 mmHg). Five minutes before placing the arterial clamps to do the carotid occlusion test (during 3 minutes), 5000 international units of unfractionated heparin were administered intravenously. Intraoperative cerebral monitoring consisted of neurological examination and observation for signs or symptoms of cerebral ischemia, such as changes in level of consciousness, seizures, slurred speech or motor deficit in the upper and lower limbs on the contralateral side of the body.

  The techniques used in our service were conventional carotid endarterectomy with primary closure and conventional endarterectomy with closure using a bovine pericardium patch (Figures 1-4). The carotid shunt was used when the patient under loco-regional anesthesia and undergoing cerebral monitoring showed symptoms of cerebral ischemia.
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  At the end of the procedure a careful review of hemostasis was performed and heparin was not reversed. A continuous suction drain was inserted by contraincision, the incision was sutured in layers and the patient was taken to the intensive care unit.

  Patients underwent neurological assessments looking for signs or symptoms of cerebral ischemia in the immediate postoperative period, on the seventh postoperative day, and 30, 90 and 180 days after the procedure; after this period, the neurological assessments were annual. In patients where neurological examination was abnormal, realization of Doppler ultrasound was indicated; in neurologically normal patients, the Doppler was performed 6 months after the surgery. When the Doppler ultrassound showed a hemodynamically significant stenosis, the patient underwent arteriography or magnetic resonance angiography to confirm the lesion.

   

  RESULTS

  The carotid endarterectomies were performed with loco-regional anesthesia in 117 patients undergoing 125 surgeries: no patient required conversion to general anesthesia. The carotid endarterectomy with conventional primary closure was used when the diameter of the internal carotid artery was > 6 mm[9,10] and was performed in 54 arteries (43.2%). When the diameter of the internal carotid artery was < 6 mm, which was observed in 71 arteries (56.8%), the chosen technique was conventional endarterectomy and closure with an elliptical bovine pericardium patch[10]. The patch was used in 95% of female patients (n=38), and 42.8% of male patients (n=33).

  It was necessary to use intraoperative shunt in 3 cases (2.4%). The first patient had stenosis of approximately 80% in the carotid being operated, and contralateral carotid occlusion; its circle of Willis was complete, and he had mental confusion followed by contralateral motor deficit in the arm and leg during the crossclamping test of the carotid artery. The second patient had 70% stenosis in the carotid being operated and stenosis of approximately 10% in the contralateral carotid artery, with a complete circle of Willis, and presented motor deficit in the contralateral upper limb during removal of the atherosclerotic plaque. The third patient had stenosis of approximately 80% in the carotid being operated, and 20% in the contralateral carotid artery, and its circle of Willis showed absence of the anterior cerebral artery; this patient showed mental confusion and motor deficit in the contralateral arm and leg during the crossclamping test. In those 3 cases, the neurological symptoms disappeared immediately after insertion of the shunt and the patients had a normal outcome.

  The average crossclamping time of the internal carotid artery was 19 minutes, ranging between 13 and 31 minutes. Perioperative mortality was 0.8%: one patient died of an acute myocardial infarction on the 2nd day after the procedure. Two patients (1.6%), both symptomatic, had a small ipsilateral ischemic cerebral infarct with good recovery, and 2 patients (1.6%) had nonfatal myocardial infarction with good recovery. In three surgeries (2.4%) there was excessive bleeding through the drain, and the incision was reopened for revision of hemostasis. The average hospital stay was 3 days (2-6 days). The average follow-up time was 32 months (6-192 months). Doppler ultrasound follow-up was performed in all patients, and significant restenosis (stenosis > 70%) was found in three arteries (2.4%); the 3 cases with significant restenosis after carotid endarterectomy underwent angioplasty with stent implantation in the carotid artery, with a good outcome. During the late postoperative period, there were no cases of ischemic stroke.

   

  DISCUSSION

  The natural history of atherosclerotic carotid artery disease is very worrying. Roederer et al.[11] showed that in equal to or greater than 80% stenosis in the internal carotid artery, the incidence of ischemic symptoms or total occlusion of the affected artery was 46% in 12 months. Aldoori et al.[12] showed that in equal to or greater than 75% stenosis in the internal carotid artery, the incidence of ischemic cerebral infarction was 50% in 3 years, with a mortality rate of 83%.

  Despite carotid endarterectomy has shown its efficacy in preventing ischemic strokes in both symptomatic and asymptomatic patients with hemodynamically significant stenosis in the internal carotid artery[5-8], ischemic cerebral infarction is still the most feared complication after this surgery. For this reason, particular attention has been paid to technical details of this procedure, in particular the preservation and monitoring of brain function during the crossclamping of the internal carotid artery.

  Numerous nonrandomized studies have been performed trying to establish what the best anesthesia would be to perform the surgical treatment of carotid disease: general or loco-regional. Although several clinical studies have suggested potential advantages of loco-regional anesthesia[9], the only prospective randomized study comparing the two techniques was published recently, and concluded that the combined rates of cerebral infarction, myocardial infarction and perioperative death were similar for both techniques. However, the loco-regional anesthesia has shown better outcomes in patients who had occlusion of the contralateral internal carotid artery[13].

  The main reason why loco-regional anesthesia is preferred in our service, in spite of  general anesthesia, is the fact that we can observe the neurological status of the patient during carotid artery crossclamping[14]. The fact that a small but significant group of patients will present intolerance during crossclamping of the internal carotid artery, and consequently require the carotid shunt for cerebral protection during endarterectomy, causes a serious dilemma for surgeons who choose to perform this surgery using general anesthesia. In order to make sure that an unconscious patient will not suffer an ischemic stroke while the surgery is performed, one of two methods should be used: routine use of a shunt (in all patients), or some monitoring technique to differentiate patients who are at risk to develop an ischemic stroke and the need to use the shunt selectively.

  Historically, no monitoring technique showed good correlation with the neurological status of the awake patient, which is considered the "gold standard" (to which all other techniques should be compared). The main direct (electroencephalography, response to evoked potentials) and indirect methods (stump pressure of the internal carotid artery, transcranial Doppler) for the detection of cerebral ischemia during carotid crossclamping showed, at some point, low sensitivity or low specificity when compared to the neurological status of the awake patient[15-17].

  Electroencephalography (EEG), despite being the most accurate and used method to monitor brain function, can lead to a high incidence on the use of shunt (up to 28%);  in addition, the incidence of false negative and false positive results reported is 4.5% and 6.7%, respectively[18]. Another worrying fact is that intraoperative ischemic strokes have clearly occurred in the absence of any changes in EEG[18]. Lawrence et al.[19] demonstrated that the incidence in the use of shunts in patients operated under loco-regional anesthesia was approximately 4.5%, a result comparable  to our study (incidence in the use of shunt of 2.4%). As the routine use of a carotid shunt may lead to an incidence of up to 3% of iatrogenic complications (such as embolization of air or cholesterol particles to the brain, and lesions of the carotid intima causing early thrombosis and late stenosis)[14], we opted for its selective use in our service.

  It has been shown that routine use of a bovine pericardial patch (and other materials such as polyester, polyurethane and autologous veins) to close the internal carotid artery is more effective than primary closure in decreasing the incidence of perioperative ischemic strokes, perioperative carotid thrombosis and late restenosis[20]. However, some surgeons believe that the use of a patch for closing the internal carotid arteriotomy may prolong the operative time and the clamping time, making the procedure technically more complex and may be unnecessary in certain patients[21,22]. In our service, we chose to use the patch in arteries of small diameter (< 6 mm), because we believe that they would have greater chances of having complications if they were closed primarily. Recently, Mannheim et al.[23] performed a randomized controlled study comparing 216 patients undergoing carotid endarterectomy with primary closure versus 206 patients who had their arteriotomies closed with patch; the incidence of restenosis >70% in this study were significantly lower in patients who received patch compared to patients with primary closure (2.2% versus 8.6%, P=0.01). In our study, where we used the patch selectively[10], the incidence of significant restenosis in the internal carotid artery after 32 months of mean follow-up was 2.4%, and the incidence of perioperative carotid thrombosis was 0%.

  Regarding the use of hypnoanalgesics, alfentanil calms the patient, improves his tolerance to operation time, and does not hamper his responses to verbal commands of the surgical team. If the MAP increases during surgery (increase of arterial pressure up to 15% compared to the initial pressure of the patient, or MAP greater than 120 mmHg) we use sodium nitroprusside, because this medication provides an accurate and immediate control of the blood pressure. The use of corticosteroids (dexamethasone) before the surgery aims to inhibit cerebral edema caused by the mechanism of ischemia/reperfusion, which may compromise the outcome of carotid endarterectomy.

  When we assess our perioperative rates of ischemic stroke and death (1.6% and 0.8%), we found comparable results to the most recent prospective randomized study on this subject, recently published in the literature (CREST study)[24]. In the group undergoing carotid endarterectomy in the CREST study, the rates of ischemic stroke and death in the perioperative period were 2.3% and 0.3%, respectively. In the group of patients undergoing treatment of carotid stenosis with stenting in the CREST study, the rates of perioperative ischemic stroke were significantly higher when compared to the group undergoing carotid endarterectomy (4.1% versus 2.3%, P=0.01). Mas et al.[25] recently demonstrated in a multicenter, randomized prospective study, that the incidence of ischemic strokes and death in symptomatic patients with carotid stenosis > 60% were significantly lower in patients undergoing endarterectomy when compared to patients undergoing stenting in carotid arteries. In this study, the incidence of ischemic strokes or death in 30 days was 3.9% after endarterectomy and 9.6% after stenting (P=0.01) and after a 6 months follow-up period, the incidence was 6.1% after endarterectomy and 11.7% after stenting (P=0.02). At the moment, due to a higher incidence of ischemic strokes when opting for stenting[24,25], carotid endarterectomy seems to be the most appropriate technique for treatment of extracranial atherosclerotic cerebrovascular disease.

  One limitation of this study was a retrospective analysis of data. On the other hand, we emphasize the fact that no patient in this series have been lost during the mean 32 months follow-up period.

   

  CONCLUSION

  We conclude that in our service, carotid endarterectomy performed on awake patients with selective use of a shunt and bovine pericardium patch is a very well tolerated, safe and effective technique to treat internal carotid artery stenosis > 70% in symptomatic and asymptomatic patients. This procedure can be performed with very low morbidity and mortality rates.
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    ABSTRACT

    OBJECTIVE: Postoperative atrial fibrillation is a common complication after cardiac surgery, with an incidence as high as 20-50%. Increased age is associated with a significant increase in postoperative atrial fibrillation risk. This common complication is associated with higher morbidity and mortality rates. The aim of this study was to assess the efficacy of nebivolol in preventing atrial fibrillation following coronary artery bypass surgery in patients over 60 years of age.

    METHODS: In this prospective randomized study, 200 patients who were candidates for elective coronary artery bypass surgery were divided into two groups. The first group was administered with nebivolol and the second group was administered with metoprolol. Treatment was initiated four days prior to surgery, and patients were monitored for atrial fibrillation until discharge. Forty-one patients recieved 50 mg metoprolol succinate daily, which was initiated minimum 4 days before surgery.

    RESULTS: Demographic data were similar in both groups. The incidence of postoperative atrial fibrillation in both groups was similar, with no significant difference being identified [n=20 (20%); n=18 (18%), P=0.718; respectively]. There were not any mortality at both groups during study. Inotropic agent requirement at ICU was similar for both groups [n=12 (12%), n=18 (18%), P=0.32].

    CONCLUSION: We compared the effectiveness of nebivolol and metoprolol in decreasing the incidence of postoperative atrial fibrillation, and determined that nebivolol was as effective as metoprolol in preventing postoperative atrial fibrillation at patients. Nebivolol may be the drug of choice due to its effects, especially after elective coronary artery bypass surgery.

    Descriptors: Coronary Artery Bypass. Atrial Fibrillation. Anti-Arrhythmia Agents. Drug Therapy.

  

   

  
    RESUMO

    OBJETIVO: Pós-operatório fibrilação atrial é uma complicação comum após a cirurgia cardíaca, com uma incidência tão elevada quanto 20-50%. O aumento da idade está associado com elevação significativa no risco de pós-operatório da fibrilação atrial. Esta complicação comum é associada com taxas de morbidade e mortalidade. O objetivo deste estudo foi avaliar a eficácia do nebivolol na prevenção da fibrilação atrial após cirurgia de revascularização do miocárdio de pacientes acima de 60 anos de idade.

    MÉTODOS: Neste estudo prospectivo e randomizado, duzentos pacientes candidatos à cirurgia de revascularização do miocárdio foram divididos em dois grupos. O primeiro grupo foi administrado com nebivolol e o segundo grupo, com metoprolol. O tratamento foi iniciado quatro dias antes da cirurgia, e os pacientes foram monitorados para  fibrilação atrial até a alta. Quarenta e um pacientes receberam 50 mg de sucinato de metoprolol diário, que foi iniciado, no mínimo, 4 dias antes da cirurgia.

    RESULTADOS: Os dados demográficos foram semelhantes nos dois grupos. A incidência de fibrilação atrial pós-operatória em ambos os grupos foi semelhante, com nenhuma diferença significativa sendo identificado [n=20 (20%); n=18 (18%), P=0,718; respectivamente]. Não houve mortalidade em ambos os grupos durante o estudo. A necessidade de agente inotrópico em UTI foi semelhante nos dois grupos [n=12 pessoas (12%), n=18 (18%), P=0,32].

    CONCLUSÃO: Nós comparamos a eficácia do nebivolol e metoprolol na diminuição da incidência de fibrilação atrial no pós-operatório, e verificamos que nebivolol foi tão eficaz como metoprolol na prevenção de fibrilação atrial no pós-operatório em pacientes. Nebivolol pode ser a droga de escolha devido aos seus efeitos, especialmente depois da cirurgia revascularização do miocárdio.

    Descritores: Ponte de Artéria Coronária. Fibrilação Atrial. Antiarrítmicos. Quimioterapia.

  

   

   

  INTRODUCTION

  Postoperative atrial fibrillation (POAF) is a commonly observed complication following cardiac surgery, with an incidence as high as 20-50% depending on the accepted definition of POAF and the methods used for detection[1,2]. Increasing age in patients undergoing cardiac surgery is associated with a significant increase in POAF risk[2,3]. This common complication contributes to higher morbidity and mortality rates among patients. Major outcomes associated with POAF include an increased incidence of stroke, longer hospitalization, increased hospital costs, and higher early and late mortality rates[1,4,5].

  Prophylactic treatment is recommended due to the high incidence of POAF, especially if risk factors are present. Effective preventive and treatment strategies are important for reducing the undesirable effects of this complication. It has been previously demonstrated in several studies that beta-blockers are effective agents for preventing POAF. Beta-blockers have also been recommended for POAF prophylaxis in several meta-analyses[6,7]. Nebivolol is a selective beta-1 adrenergic receptor antagonist that differs from conventional beta-blockers in its ability to induce nitric oxide synthesis in the human endothelium. Tepliakov et al.[8] showed that nebivolol administration (1.25-5.0 mg/day) increased exercise tolerance, improved life quality, reduced IR index by 11.9%, and reduced triglyceride levels by 5.3% (which in turn lowered the risk of effects associated with diabetic atherogenic dyslipidemia).

  In this prospective randomized study, we investigated the effectiveness of nebivolol and metoprolol in decreasing the incidence of POAF. Patients in this study were selected among individuals above 60 years of age, as age is a major risk factor for POAF. There are no other studies in the literature regarding the effects of nebivolol in preventing POAF.

   

  METHODS

  Following the approval of the Medical Faculty's Ethics Committee (Reference Number: 2009/145), and after written informed consents were obtained from the patients; 200 patients over 60 years of age with coronary artery disease, who had been admitted to our clinic for elective coronary artery bypass grafting surgery, were included into our study.

  The study was performed according to a randomized, prospective, parallel-group, active controlled, open-label, single-blind study design. The patients were randomized into two groups, and the study procedures were carried out for a period of 4 days. All included patients were from an inpatient setting. Study subjects were randomly allocated into the NEB and MET treatment groups at the beginning of the study by using a random number generated by SAS.

  The patients were not stratified according to race and sex during the randomization process, which led to an unequal distribution of males and females between the two groups. At the beginning of the study 100 subjects were recruited in each group. Due to the withdrawal of consent, lost to follow-up and missing values of some outcome variables, the final sample size was 100 in the NEB group and 100 in the MET group.

  Group 1 was the nebivolol group, consisting of 100 patients (27 women and 73 men, mean age 67.2±7.6), while Group 2 was the metoprolol group, also consisting of 100 patients (34 women and 67 men, mean age 68.4±5.8). Patients who had previous beta-blocker or antiarrhythmic treatment, previous atrial fibrillation (AF), heart failure (ejection fraction < 35%), sick sinus syndrome, atrioventricular block, permanent pacemaker, valvular surgery, peripheral vascular disease, hyperthyroidism, and emergency surgery were excluded from the study. In both groups, drugs use was started 4 days prior to surgery[9].

  Metoprolol was administered once daily at a dose of 50 mg, while nebivolol was administered once daily at a dose of 5 mg. Drug use was continued after extubation during the postoperative period. Dosages were adjusted according to the hemodynamic responses of the patients after coronary surgery. None of the patients withdrew from study due to the side effects of the drugs.

  Data was collected at the time of hospitalization, during the first postoperative day, and at the time of discharge. The primary end point of the study was new-onset AF until discharge. None of the patients in both groups presented serious bradycardia or hypotension. Atrial fibrillation was diagnosed when 12-lead ECG showed rapid oscillations or fibrillatory P waves that varied in size, shape, and timing, and which were associated with irregular QRS complexes.

  In this study, POAF was defined as AF of any duration during the postoperative period, with the AF diagnosis being based on the physician's assessments. All Holter and ECG data were evaluated by two blinded cardiologists, and AF diagnosis was confirmed with the observation of (i) absent P wave prior to QRS complex, and (ii) irregular ventricular rhythm that continued for more than 5 minutes. In the event that POAF was identified, no further evaluations were performed, and the patient was started on an administration of amiodarone at a 150 mg bolus dose, followed by administration at 15 mg/kg/24 h infusion. After sinus rythm was achieved, the patient's treatment was continued with oral amiodarone administration for a period of 30 days, with a 800 mg/day dose being administered during week 1, a 600 mg/day dose during week 2, a 400 mg/day dose during week 3, and a 200 mg/day dose during week 4.

  ECG and 12-lead ECG were needed to confirm the 12-lead ECG findings. Patients who developed AF were treated with a standard protocol of anticoagulation and amiodarone. None of patients who developed AF required electrical cardioversion. All of the patients were discharged from the hospital with a sinus rhythm.

  Statistical analysis

  Data were analyzed using the Statistical Package for Social Sciences 16.0 (SPSS 16.0) for Windows (SPSS Inc., Chicago, IL). Data for patient characteristics and outcomes were expressed either as percentage of total or as mean±SD. The independent samples t-test was used for normally distributed continuous variables (expressed as mean±SD), while the Pearson chi-square, Yates' corrected chi-square and Fisher's exact tests were used for categorical variables, where applicable. The Mann Whitney U test was used for continuous variables such as age, BMI and EuroSCORE, which were not normally distributed. The results were assessed within 95% confidence, and a value of P<0.05 was considered as statistically significant.

  Surgical Procedure

  Patients were placed under general anesthesia, and conventional median sternotomy was performed. Each patient underwent on-pump coronary artery bypass grafting surgery, and cardiopulmonary bypass was established by cannulating the ascending aorta and right atrium. Heparin (3 mg/kg) was administered for anticoagulation. Activated clotting time was maintained for longer than 450 seconds, and a roller pump and non-pulsatile flow (2.4 L/m2/min) were used.

  The body was cooled to a core temperature between 32ºC and 34ºC when performing distal anastomosis, and the body was rewarmed to 36ºC before weaning from cardiopulmonary bypass. Cold blood cardioplegia was delivered intermittently via antegrade and retrograde routes throughout the procedure. A final dose of "hot-shot" cardioplegia was delivered intermittently via antegrade and retrograde routes throughout the procedure. A final dose of "hot-shot" cardioplegia was administered immediately before the aorta was unclamped. An epicardial temporary pacemaker lead (FLEXON 3-0 temporary cardiac pacing lead, Syneture, Covidien, US) was placed on the right ventricle. Details of the surgical techniques used for complete revascularization solely by means of arterial grafts have been previously described[10].

  The same protocol was applied for each case in which radial artery was used. Radial-artery harvesting was carried out simultaneously with left internal thoracic artery harvesting. Saphenous veins were harvested using conventional methods. The choice of graft material was left to the surgeon, but certain protocols were followed. Left internal thoracic artery was generally used as a graft for the left anterior descending artery; radial artery and saphenous vein graft conduits were used mainly to bypass vessels other than the left anterior descending artery; and only radial artery conduits were used to bypass vessels other than the left anterior descending artery in case they exhibited more than 70% stenosis.

  Outcome parameters

  A prospective study was performed for the relevant pre-operative, intraoperative and postoperative data of the study group. The specific pre- and intraoperative data obtained from each patient included the following: age and gender, history of hypertension, diabetes, smoking, obesity, hyperlipidemia, body surface area and body mass index (BMI), history of myocardial infarction (MI), the presence of unstable angina, prior percutaneous transluminal coronary angioplasty, the presence of carotid artery disease, left ventricular ejection fraction, the presence of left main coronary artery (LMCA) disease, additive EuroSCORE and the extent of coronary disease.

  The postoperative data that was collected included the number of grafts per operation, the graft types that were used (i.e., left internal mammary artery, radial artery or saphenous vein grafts), the cardiopulmonary bypass time, the aortic cross-clamp time, the mechanical ventilation time, the requirement for inotropic or intra-aortic balloon pump support, presence of infection, re-exploration for bleeding or cardiac tamponade, the duration of stay in the intensive care unit (ICU), overall duration of hospital stay, and hospital mortality (defined as death in the first 30 days after coronary artery bypass grafting surgery). We further employed data regarding study design, baseline patient data, administered treatment and POAF incidence by entering them to an Excel spreadsheet that was standardized. POAF incidence was considered as the study's primary outcome.

   

  RESULTS

  Two hundred patients (100 patients per group) were included into this study. The pre-operative demographic characteristics of the patients are summarized in Table 1 and Table 2. The mean age of the patients was 67.2±7.6 years in Group 1, and 68.4±5.8 years in Group 2.
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  There were no significant differences between the groups with respect to gender distribution; the prevalence of chronic obstructive pulmonary disease; the frequency of previous percutaneous transluminal coronary angioplasty; the prevalence of hypertension, obesity (body mass index, >30 kg/m2), hyperlipidemia, smoking, diabetes mellitus, unstable angina, or LMCA disease; the ratio of patients with a history of MI; or the ratio of patients with carotid artery disease. There were also no statistical differences between the groups with respect to the mean number of diseased vessels, the mean left ventricular ejection fraction, or the EuroSCORE.

  Intraoperative and postoperative data that were collected included the number of grafts per operation, the types of grafts used (for example, left internal thoracic artery, radial artery, and venous grafts), the cardiopulmonary bypass (CPB) time, and the aortic cross-clamp time. Data collected regarding the postoperative outcomes included the mechanical ventilation time; the requirement for inotropic or intra-aortic balloon pump support; the development of atrial fibrillation or infective complications; the re-exploration for bleeding or cardiac tamponade; and the occurrence of major pleural effusions, superficial or deep-wound infections, and deep vein thrombosis (DVT).

  With regards to inotrope usage, hypoxemia and low cardiac output, no statistically significant differences were observed between the two groups. Similarly, there was also no statistically significant difference between Group 1 and Group 2 in any of the types of data described above (Table 3).
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  Group I and Group II had similar durations of stay in the intensive care unit (2.6±0.7 vs. 2.5±0.9 days, respectively; P=0.559), durations of overall hospital stay (7.1±1.4 vs. 7.4±2.2 days, respectively; P=0.388) and ventilation times (7.3±2.5 vs. 7.2±2.9 hours, respectively; P=0.794), with no significant differences being identified between the two groups. In addition, no perioperative deaths occurred in any of these two groups.

  There was no significant difference in the incidence of POAF between Group I and Group II (20% vs. 18%, respectively; P=0.718). The incidence of inotropic agent requirement at ICU were also similar in both groups (12% in Group I vs. 18% in Group II, P=0.32) (Table 4).
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  DISCUSSION

  The aim of this study was to investigate the effectiveness of nebivolol in the prophylaxis of postoperative atrial fibrillation (POAF) by comparing it with metoprolol, a medication whose effectiveness against atrial fibrillation is well-documented. Based on the study results, we identified no significant difference between nebivolol and metoprolol with regards to the effectiveness of POAF prophylaxis. POAF is observed in nearly 30% of patients who undergo isolated coronary artery bypass (CABG) surgery. This ratio increases to nearly 40% if replacement or repair of valves is performed during surgery, and to 50% in case combined procedures are performed. Considering that the age average of populations undergoing cardiac surgery is gradually increasing, and that the incidence of POAF is positively correlated with age, it is likely that these percentages will increase in the future.

  In most cases, POAF develops between the 2nd and 4th days that immediately follow surgery, with the highest incidence being observed on the 2nd day. The onset of POAF occurs before the 4th postoperative day in 70% of cases, and before the 6th postoperative day in 94% of cases[11].

  POAF often manifests itself as a transient condition that is tolerated by most patients. However, POAF also has the potential to cause serious complications or even be fatal in certain patients – especially older patients and patients with certain ventricular dysfunctions[12] and mortality[13]. POAF was previously described as a potential cause of significant morbidity[14] that can lead to further postoperative complications such as thromboembolism[15], hemodynamic problems[16], ventricular dysrhythmias[17], and even to iatrogenetic effects due to inappropriate diagnosis and treatment of POAF.

  Moreover, POAF is known to increase nearly three times the incidence of perioperative stroke[13-17]. In a study conducted by Almassi et al. on 3855 cardiac surgery patients[14], it was observed that POAF led to a nearly two-fold increase in the hospital mortality and the 6-month mortality of patients. Increasing age is the most significant contributing factor to the risk of POAF[11,13,14]. Matthew et al.[18] determined in a recently conducted study that the incidence of POAF increased by nearly 75% for every decade of age, and that all patients above the age of 70 were at a high risk of POAF.

  Other factors that also increase the risk of POAF include previous episodes of AF, lower left ventricular ejection fraction, left atrial enlargement, valvular heart surgery, chronic obstructive pulmonary disease, chronic renal failure, diabetes mellitus, and rheumatic heart diseases[13,17,18]. Recent students have also suggested that obesity may be associated with a higher incidence of POAF in both patients with and without previous cardiac surgeries[19,20].

  A variety of factors appear to be involved in the etiology of POAF, although the mechanistic relationship between these factors and POAF development has not yet been clearly identified. Several mechanisms that are potentially involved in POAF pathogenesis include pericardial inflammation, excessive catecholamine production, postoperative autonomic imbalance, and interstitial fluid mobilization. These factors may adversely affect atrial refractoriness and slow atrial conduction. The multiple re-entry wavelets caused by the dispersion of atrial refractoriness appear to be the underlying mechanism for the development of POAF[21].

  In a meta-analysis performed recently by Crystal et al.[22], it was observed that, within the scope of 28 trials conducted with 4074 subjects, beta-blocker drugs demonstrated the highest magnitude of effect with an odds ratio (OR) of 0.3, and a 95% confidence interval (CI) of 02.26 to 0.49. In the meta-analysis of Burgess et al.[23], the authors reported that the use of beta-blocker drugs lead to a reduction in the incidence of POAF.

  According to the American College of Cardiology/American Heart Association and the European Society of Cardiology Guidelines for AF; pre-operative or early postoperative administration of beta-blockers for preventing AF after coronary artery bypass grafting surgery in patients without contraindications is a class-1 indication, with an evidence level of A[24].

  Nebivolol is a third generation selective beta-1 adrenergic receptor antagonist that differs from conventional beta-blockers in its ability to induce nitric oxide synthesis in the endothelium[25]. The endothelium produces nitric oxide, which is a well-known vasodilator. Nebivolol has a high beta-1 adrenergic receptor selectivity, and can be used safely in patients with reduced cardiac functions.

  There are numerous studies discussing other properties of Nebivolol; however, based on our review of the literature, we believe that our study was the first to investigate the prophylactic use of nebivolol for POAF after coronary artery bypass surgery.

  Metoprolol is an important drug that was approved by the FDA in 1978. We chose metoprolol for comparison with nebivolol due to its safety and common use. Metoprolol has been used for the prevention and treatment of postoperative AF for decades. Thus, in this study we aimed to investigate the effectiveness of nebivolol in the prophylaxis of POAF by comparing it with metoprolol

  Radial arterial graft vasospasm is one of the most problematic complications following cardiac surgery. As mentioned before, nebivolol possesses a potent vasodilator effect on radial artery graft, and can increase the lumen diameter and protect the graft[26].

  Furthermore, nebivolol is also known to improve sleep parameters, which contributes positively to the patients' life quality[27]. Disturbance of normal sleep, in particular, may cause tiredness and lead to depression. This is most important for postoperative patients, who are emotionally vulnerable after surgery. Owing to its electrophysiological properties, and in a manner similar to other beta-blockers; nebivolol has the effect of increasing the ventricular fibrillation threshold.

  This effect allows nebivolol to reduce ventricular arrhythmia or drug-induced cardiomyopathy in various animal models. Nebivolol is also known to reduce the QT dispersions, which are associated with the risk of developing arrhythmias, and P-wave dispersions, which are associated with the risk of developing atrial fibrillation[28]. We believe that the results we obtained for nebivolol in our study – which were not significantly different than those for metoprolol – were ultimately the result of the effects and mechanisms described above.

  Previous experiments on ischemia and reperfusion injury[29] have also demonstrated the preventive and protective effects of nebivolol. In addition, it was shown that the administration of nebivolol in humans increased tolerance during exercise (in comparison to atenolol), as well as the time required for the onset of angina[30]. Nebivolol was also demonstrated to have a consistent effect in increasing coronary flow among individuals with ischemic and nonischemic heart diseases, which is believed to engender a decrease in the ischemic threshold of these individuals[31].

  We believe that these effects that counter the damages associated with ischemia and ischemia-reperfusion will also allow nebivolol to be effective in the prevention and treatment of POAF. For ethical reasons, and also due to the relatively low number of patients in our study groups, we did not to include into the study design a control group without beta-blocker treatment. Unlike metoprolol, nebivolol does not have an IV form, which also represents a disadvantage.

   

  CONCLUSION

  Metoprolol is a well-known and commonly preferred drug for the prevention of POAF. In this study, Nebivolol was determined to be as effective as metoprolol. Thus, it is possible to use nebivolol effectively for prophylaxis of POAF. Moreover, nebivolol's characteristic properties may also result in additional benefits for elderly patients. Due to the limitations of this study; well-planned prospective and randomized studies with larger groups that evaluate other properties and features of nebivolol will be necessary to gain further information. The contribution of such studies on the body of knowledge regarding nebivolol's effects will be significant.
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    ABSTRACT

    OBJECTIVE: To evaluate the lung function and clinical outcome in severe chronic obstructive pulmonary disease in patients undergoing off-pump coronary artery bypass grafting with left internal thoracic artery graft, comparing the pleural drain insertion in the intercostal versus subxyphoid region.

    METHODS: A randomized controlled trial. Chronic obstructive pulmonary disease patients were randomized into two groups according pleural drain site: II group (n=27) - pleural drain in intercostal space; SI group (n=29) - pleural drain in the subxyphoid region. Spirometry values (Forced Vital Capacity - and Forced expiratory volume in 1 second) were obtained on preoperative and 1, 3 and 5 postoperative days. Chest x-ray from preoperative until postoperative day 5 (POD5) was performed for monitoring respiratory events, such as atelectasis and pleural effusion. Pulmonary shunt fraction and pain score was evaluate preoperatively and on postoperative day 1.

    RESULTS: In both groups there was a significant decrease of the spirometry values (Forced Vital Capacity and Forced expiratory volume in 1 second) until POD5 (P<0.05). However, when compared, SI group presented less decrease in these parameters (P<0.05). Pulmonary shunt fraction was significantly lower in SI group (P<0.05). Respiratory events, pain score, orotracheal intubation time and postoperative length of hospital stay were lower in the SI group (P<0.05).

    CONCLUSION: Subxyphoid pleural drainage in severe Chronic obstructive pulmonary disease patients determined better preservation and recovery of pulmonary capacity and volumes with lower pulmonary shunt fraction and better clinical outcomes on early postoperative off-pump coronary artery bypass grafting.

    Descriptors: Pulmonary Disease, Chronic Obstructive. Respiratory Function Tests. Coronary Artery Bypass, Off-Pump.

  

   

  
    RESUMO

    OBJETIVO: Avaliar a função pulmonar e os resultados clínicos em pacientes com doença pulmonar obstrutiva crônica grave submetidos à cirurgia de revascularização do miocárdio sem circulação extracorpórea, com enxerto da artéria torácica interna esquerda, comparando a inserção do dreno pleural intercostal versus subxifoide.

    MÉTODOS: Estudo clínico, controlado e randomizado. Pacientes com doença pulmonar obstrutiva crônica foram randomizados em dois grupos de acordo com a posição do dreno pleural: grupo II (n=27) - dreno pleural intercostal; grupo IS (n=29) - dreno pleural na região subxifóide. Os valores espirométricos (Capacidade Vital Forçada e Volume expiratório forçado no 1 segundo) foram obtidos no pré-operatório, e no 1º, 3º e 5º dias de pós-operatório. Foi realizada radiografia de tórax no pré-operatório até o 5º dia pós-operatório (5PO) para monitoração de eventos respiratórios, como atelectasia e derrame pleural. A fração de shunt pulmonar e a escala de dor foram avaliadas no 1º dia pós-operatório.

    RESULTADOS: Em ambos os grupos houve queda significativa dos valores espirométricos (Capacidade Vital Forçada e Volume expiratório forçado no 1 segundo) até o 5PO (P<0.05), porém, quando comparados, o grupo IS apresentou menor queda destes parâmetros (P<0.05). A fração de shunt pulmonar foi significativamente menor no grupo IS (P<0.05). Os eventos respiratórios, escala da dor, tempo de intubação orotraqueal e dias internação hospitalar no pós-operatório foram menores no grupo IS (P<0.05).

    CONCLUSÃO: Drenagem pleural subxifoide em pacientes com doença pulmonar obstrutiva crônica grave determinou melhor preservação e recuperação dos volumes e capacidades pulmonares, com menor fração de shunt pulmonar e melhores resultados clínicos no pós-operatório precoce de cirurgia de revascularização do miocárdio sem circulação extracorpórea.

    Descritores: Doença Pulmonar Obstrutiva Crônica. Testes de Função Respiratória. Ponte de Artéria Coronária sem Circulação Extracorpórea.

  

   

   

  INTRODUCTION

  Chronic obstructive pulmonary disease (COPD) has been associated with increased morbidity and mortality in patients undergoing coronary artery bypass graft (CABG)[1]. Many studies showed that as higher severity degree of COPD is associated to longer mechanical ventilation time and length of stay in the hospital and, consequently, increased hospital costs[2]. Furthermore, severe COPD patients undergoing CABG have a worse prognosis and increased mortality rate at long-term, when compared to patients without COPD[3,4].

  Several factors may influence pulmonary function and clinical results in patients undergoing CABG, such as: general anesthesia, sternotomy, cardiopulmonary bypass, internal thoracic artery (ITA) graft with pleurotomy and pleural drain[5]. Pleural drain insertion through intercostal space promotes higher thoracic trauma, increased pain and discomfort for the patient, leading to increased vulnerability to lung complications. In patients without COPD undergoing off-pump CABG (OPCAB), the shift of pleural drain insertion to subxyphoid region reduces postoperative pulmonary dysfunction[6,7]. Our hypothesis is that reducing thoracic trauma in COPD patients underwent OPCAB could determine lower impairment to the lung function and better clinical results.

  Therefore, the aim of this study was to evaluate the pulmonary function and clinical outcomes in severe COPD patients, comparing pleural drain insertion site in intercostal space versus subxyphoid region after OPCAB using left ITA (LITA).

   

  METHODS

  This prospective randomized study was performed between December 2007 and March 2012 at the Cardiovascular Surgery Discipline, Sao Paulo and Pirajussara Hospitals of the Federal University of Sao Paulo, Sao Paulo, Brazil. The Institutional Human Ethics Committee approved the protocol and written informed consent was obtained from all patients.

  Patients study group

  Patients of both sexes, age between 35 and 75 years old, coronary disease confirmed by coronary angiography, undergoing elective OPCAB using LITA, with an ejection fraction > 50%, and severe COPD were included in this study. We excluded patients unable to perform spirometry, with hemodynamic instability, intraoperative death, renal failure (creatinine >1.3 mg/dL), intact pleura, intraoperative complications requiring on-pump CABG conversion and patients who required additional analgesia.

  The subjects were randomized into two groups by computerized system according to pleural drain position and the secrecy was maintained by sealed, numbered and opaque envelopes: II group (n=27), pleural drain was inserted in the sixth intercostals space; and SI group (n=29), pleural drain in the subxyphoid position.

  Lung function assessment

  Spirometry records were obtained to evaluate the forced vital capacity (FVC) and the forced expiratory volume in 1 second (FEV1) on preoperative and postoperative days 1, 3, and 5 (POD1, POD3, POD5) by the same respiratory physiotherapist, using a portable espirometer (Spirobank G, MIR, Rome, Italy) according to the standards of the American Thoracic Society[8]. Chronic obstructive pulmonary disease was defined according to the criteria of the Global Initiative for Chronic Obstructive Lung Disease – GOLD, with presence of dyspnea (progressive and/or persistent), chronic cough or sputum production, and/or a history of exposure to risk factors for the disease (tobacco smoking, occupational dusts and chemical), and by spirometry with FEV1/FVC < 0.70. Furthermore, the severity of COPD was defined as described on Table 1[9].
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  Pulmonary shunt fraction was evaluated preoperatively and on POD1 using the software Oxygen Status Algorithm, (version 2.0; Mads & Ole Siggaard; Radiometer). This software needs the arterial blood gas and the fraction of inspired oxygen to calculate the percentage of blood that is not supplied by oxygen.

  Anesthesia and ventilation management

  All patients received a standard anesthetic technique, induction with etomidate and midazolam, maintenance with sufentanil and isofluorane (0.5% to 1%) and were mechanically ventilated to maintain normocapnia, with a 50% inspired oxygen fraction without positive end-expiratory pressure. Intraoperative fluids were given according to the anesthetist discretion.

  Operative technique

  The OPCAB surgery was performed through a median sternotomy, using LITA complemented with additional saphenous vein grafts. The LITA was harvested in a skeletonized fashion. A heated water mattress was used to keep all patients normothermic throughout the operation. OPCAB has followed the pattern at our service. Briefly, with systemic heparinization to achieve an activated clotting time exceeding 250 seconds, occlusion of the coronary artery was accomplished by using a proximal soft silicone snare. The distal anastomosis was accomplished with a 7-0 running polypropylene suture. The vein top ends were then attached to the ascending aorta using side-bite clamping. An Octopus 3 (Medtronic, Inc, Minneapolis, MN) suction stabilizer was used in all cases. Before chest closure, and in the presence of left pleura opening, the site of pleural drain insertion was randomized. A soft tubular straight PVC drain (¼ inch) was inserted and exteriorized at the intersection of the sixth left intercostal space (Group II) or a curved one at the subxyphoid region and positioned in the left costophrenic sinus (Group SI). In all patients, a straight mediastinal drain was also placed via a subxyphoid approach.

  Postoperative Management

  All patients were transferred to the intensive care unit (ICU) with orotracheal intubation, inspired oxygen fraction to keep arterial oxygen saturation above 90%, predicted tidal volume of 8 ml/kg, PEEP of 5 cmH2O and extubated according to ICU protocol. The drains (mediastinal and/or pleural) were routinely removed on POD2.

  During postoperative days, the patients were evaluated by the same physiotherapist and all patients were undergone to the same physical therapy program until hospital discharge (breathing exercises and early deambulation).

  Clinical Outcomes

  All patients underwent to the same analgesic protocol administered during the postoperative period (100mg of tramadol chlorhydrate 4 times a day). Pain was evaluated and quantified by Visual Analogical Scale (VAS)[10] (0 = no pain to 10 = unbearable pain) on POD1 and before spirometry. Total orotracheal intubation time and length of hospital stay after surgery were also recorded.

  The patients were undergoing chest radiography on preoperative, POD1, POD3 and POD5 for monitoring respiratory events, like pleural effusion and atelectasis. The radiological evaluation was performed by the same radiologist, blinded to the study. The pleural effusion was deemed significant when exceeding the costophrenic angle. Atelectasis was acknowledged when a clear atelectasis radiologic shadow exceeded 15 mm in width, with linear atelectasis being disregarded in this study.

  Statistical analysis

  Data were expressed as mean ± standard deviation. The FVC, FEV1 were analyzed, and values are expressed as a percentage of the preoperative value considered as 100% the preoperative baseline value. Intragroup variables comparing pre versus postoperative values were evaluated by paired Student t tests and analysis of variance for repeated measures with the Newman-Keuls posttest. Differences between groups were analyzed by unpaired Student t test or the Mann-Whitney test, when necessary. The categoric data were analyzed by the Pearson chi-square test. Statistical analysis was performed with GraphPad Prism 3.0 software (Graph-Pad Software Inc, San Diego, CA). A value of P<0.05 was considered statistically significant.

   

  RESULTS

  Initially, 165 subjects were selected for this study, however, 95 were excluded in the pre- and intraoperative, 14 were lost to follow-up and 56 were actually analyzed according to Figure 1. Groups were homogeneous preoperatively in terms of age, gender, body mass index (BMI), preoperative pulmonary function, operative time, number of grafts per patients with no significant statistically differences, as shown in Table 2.
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  No signs of preoperative myocardial infarction were detected in either group, as assessed by electrocardiographic changes or enzyme elevation.

  In the postoperative period, the both groups presented significant reduction in spirometric parameters (FVC and FEV1) until POD5 (P<0.05). However, when compared the values, the SI group presented lower impairment (Figure 2).
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  The pulmonary shunt fraction increase in both groups, but was significantly lesser in SI group (0.24±0.03% versus 0.28±0.04%; P<0.001).

  In relation to respiratory events, lower incidence of atelectasis and pleural effusion was observed in SI group (atelectasis: 21±3.4% versus 25±0.1%; P=0.001 e pleural effusion: 22±2.4% versus 26±1.7%; P=0.003).

  The chest pain sensation was lesser in group SI than II group (4.6±3.4 versus 7.9±2.1, P=0.001). Moreover, the time of mechanical ventilation and the length of hospital stay was lower in SI group when compared to II group (13.98±1.4 hours versus 16.25±2.1 hours; P=0.001; 9.51±1.6 days versus 12.1±1.4 days; P<0.001).

   

  DISCUSSION

  The results demonstrated that both groups presented impairment in pulmonary function in the early postoperative. However, the patients of SI group presented better pulmonary function and clinical outcomes when compared to II group. This data corroborate with findings by other studies with patients without COPD[5,11].

  The lung dysfunction in postoperative period after CABG is associated with intraoperative procedures. The use of general anesthesia[12], the sternotomy[13], cardiopulmonary bypass[5], ITA graft with consequent pleurotomy and necessity of pleural drain insertion make the pulmonary dysfunction unavoidable[14].

  The use of ITA graft for coronary revascularization is associated with higher survival and less incidence of cardiovascular events when compared to saphenous vein graft[15]. The technique of skeletonized ITA dissection has been proved beneficial to reduce sternal complications or infections, due to better preservation of arterial branches supplying sternal and intercostal muscles[16]. Beyond reduction of blood supply, the manipulation of ITA may lead the opening of parietal pleura[17]. Consequently to pleurotomy, pleural drainage becomes mandatory. In the majority of the operations, the chest tube is inserted and exteriorized in the intercostal space, coming into contact with the periosteum and the parietal pleura, which are highly sensitive. Therefore, the use of intercostal chest tube can promote ventilatory-dependent pain, limiting deep inspiration, which leads to the adoption of an antalgic posture, immobilization and reduced lung volumes and capacities[18].

  Recent studies have evaluated the postoperative clinical follow-up of patients undergoing CABG, with exteriorization of the drain in the subxyphoid region, and concluded that this strategy minimizes the pulmonary dysfunction in postoperative period, with better spirometric parameters​​, lower rate of atelectasis and pleural effusion, and lower pain intensity[6,7,11]. Furthermore, Guizilini et al.[19] observed that the insertion of a chest tube in the subxyphoid region resulted in similar findings to CABG with intact pleura.

  COPD can also be considered a risk factor for development of pulmonary dysfunction in postoperative period of CABG. Fuster et al.[2] and Lizak et al.[20] compared postoperative outcomes of patients with and without COPD and observed that patients with COPD had a higher incidence of pulmonary complications and hospital stay, more pronounced in patients with severe COPD.

  Taking into account evidence that shifting the site of drain insertion to the subxyphoid region may be beneficial for the postoperative clinical outcomes, and the fact that patients with severe COPD have a higher risk of pulmonary complications in this period, this study aimed to answer the following question: Do patients with clinically severe COPD would benefit by shifting the drain position in the postoperative period of OPCAB using the LITA graft? For our knowledge, no randomized controlled trial has evaluated the impact of drain shifting in severe COPD patients undergoing OPCAB, which makes our proposal innovative and original.

  Previous studies compared the effectiveness of shifting the drain insertion site to the subxyphoid region and reported lesser lung function impairment[6,11,19]. These findings corroborate the results found in this study, reiterating the hypothesis that subxyphoid drain minimizes the dysfunction in postoperative period of OPCAB surgery, even in patients with severe COPD.

  Regarding the chest pain, patients with subxyphoid drain reported less intensity on VAS. The same result was reported in other studies with patients without COPD, which showed less pain when the chest tube was inserted in the subxyphoid region[6,11,21]. Similar outcomes were found in this study.

  Sensoz et al.[11] evaluated patients with COPD undergoing on-pump CABG by means of computed tomography. Patients who belonged to the group with pleural drain in subxyphoid region evolved with a lower incidence of atelectasis in postoperative period, corroborating the results found in this study.

  Hypoxemia is also an unavoidable consequence in CABG postoperative, regardless of surgical technique[5,6]. There are many causes of hypoxemia, abnormal diffusion, hypoventilation and shunt. In this study, the pulmonary shunt fraction was assessed on the first postoperative day, which was significantly lower in the subxyphoid group.

  These findings could be explained due to better preservation and recovery of FVC and consequently decrease of pulmonary fraction shunt, reflects the chest wall lesser degree of trauma in patients with pleural subxyphoid drain.

  Fuster et al.[2] associated severe COPD with higher incidence of pneumonia, sepsis and respiratory distress syndrome, longer ICU stay, and greater number of hospitalization days in the postoperative period of coronary revascularization. Saleh et al.[1] found that COPD severity is a significant prognostic marker in clinical outcomes after CABG. In this study, we found similar results; however the SI group presented shorter mechanical ventilation time and length of hospital stay, which may be reflected in reduced hospital costs, although this finding was not evaluated.

  This study has some limitations. The assessment of patients after surgery was not blind because of the possibility to visualize the drain position in the rib cage, with exception of radiological analyses; however the spirometry was performed according to ATS standardization to confirm the airflow limitation, by the same evaluator, reducing the evaluation bias. Furthermore, the sample size was limited by the tight inclusion criteria restricted to severe COPD.

  Considering the results of this study and others, it is clear that CABG elicits postoperatively pulmonary dysfunction and may exacerbate in the existence of comorbidities such as COPD. Drain shifting to the subxyphoid region is recommended for further decreasing trauma to the chest and can be an alternative to minimize the postoperative pulmonary dysfunction in this group of patients.

   

  CONCLUSION

  Subxyphoid pleural drainage in severe COPD patients determined better preservation and recovery of pulmonary capacity and volumes with lower pulmonary shunt fraction and better clinical outcomes on early postoperative OPCAB.
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    ABSTRACT

    OBJECTIVE: To compare the efficacy of aspirin and warfarin for prophylaxis of thrombosis in patients undergoing total cavopulmonary anastomosis. Evaluate whether coagulation factors (VII, VIII and protein C), clinical data, fenestration or hemodynamic factors, interfere with postoperative thrombosis.

    METHODS: A prospective, randomized study of 30 patients, randomized into Group I (Warfarin) and Group II (AAS), underwent total cavopulmonary shunt with extracardiac conduit, between 2008 and 2011, with follow-up by clinical visits to evaluate side effects and adhesion. Performed transesophageal echocardiography in post operatory time, 3, 6,12 and 24 months; angiotomography at 6, 12 and 24 months to evaluate changes in the internal tube wall or thrombi and pulmonary scintigraphy to evaluate possible PTE.

    RESULTS: Two deaths in group I; 33.3% of patients had thrombus (46.7% in Group II). The previous occurrence of thrombus and low levels of coagulation protein C were the only factors that influenced the time free of thrombus (P=0.035 and 0.047). Angiotomographic evaluation: 35.7% in group II presented material accumulation greater than 2 mm (P=0.082). Scintigraphy: two patients had PTE in group II. Five patients had difficulty to comply with the treatment, 4 in group I with INR ranging from 1 to 6.4.

    CONCLUSION: The previous occurrence of thrombus is a risk factor for thrombosis in the postoperative period. Patients using AAS tend to deposit material in the tube wall. The small sample size did not allow to conclude which is the most effective drug in the prevention of thrombosis in this population.

    Descriptors: Fontan Procedure. Thrombosis. Warfarin. Aspirin. Prospective Studies.

  

 

 

INTRODUCTION

  The univentricular hearts correspond to a group of congenital heart disease with different anatomical combinations, which culminate in a common feature: a single ventricle is responsible for the systemic and pulmonary circulation. In most cases it is possible to characterize the presence of two distinct ventricles - right and left – when one of them is hypoplastic and called rudimentary and the other, well-formed, called main camera.

  Among the most common anatomical forms is Tricuspid Atresia, in its different presentations, responsible for 0.3 to 5.3% of the congenital heart diseases, present in approximately 0.6 of every 10,000 live births[1]. With regard to the dominant right ventricle, the main anatomical representation is the hypoplastic left heart syndrome (HLHS), which represents about 3.8% of the congenital heart diseases, present in approximately 1.8 to 3.65 of 10,000 live births[2].

  From the diagnosis in the neonatal period, different surgical approaches can be adopted, according to the anatomical and pathophysiological findings, so that the dominant ventricle becomes solely responsible for the systemic circulation and the systemic venous return is delivered directly to the pulmonary arteries. A series of palliative surgery is performed in a staged manner until the final stage, the total cavopulmonary operation, which is currently performed by the extracardiac conduit interposed between the inferior vena cava and the right pulmonary artery (RPA).

  The occurrence of thromboembolic events in the postoperative evolution of the total cavopulmonary operation can reach 20%. In a meta-analysis recently published[3], the incidence of thromboembolism found ranged from 3 to 20%, with differences related to surgical technique, population considered and accuracy of imaging methods. The demonstration can be given by the formation of venous, arterial or intracardiac thrombosis, leading to death in about 25% of patients, even when they received specific and immediate treatment[4,5].

  The etiology of thrombotic complications in patients undergoing the Fontan operation is multifactorial.

  Literature reports support the hypothesis that other factors, in addition to venous stasis and low flow velocity contributes to thrombus formation. Among them, we could note the presence of change in coagulations factors such as Protein S, protein C, antithrombin III, factor VII and VIII.

  Based on the findings of imbalance between the pro and anticoagulant factors, many studies suggest that these patients maintain resistant to an anticoagulation or hypercoagulable state[3,6].

  There is still not a consensus in the literature about the best drug in the prevention of thrombus formation in patients in the postoperative period of total cavopulmonary connection with extracardiac conduit, and the commonly used drugs are acetylsalicylic acid (ASA) and warfarin.

  Objectives

  Primary objectives

  1. To compare the efficacy of oral anticoagulants (warfarin) and antiplatelet (ASA) for prophylaxis of thrombosis and thromboembolic events in the postoperative period of total cavopulmonary operation with extracardiac conduit.

  2. To identify laboratory findings: hematocrit, liver function and coagulation factors in the preoperative and postoperative periods.

  3. To identify and compare the viability of different treatments, as the clinical features, adhesion, safety and social implications.

  Secondary objectives

  1. To identify flow changes by the extracardiac conduit in children in the postoperative period of total cavopulmonary connection, assessing the occurrence of slow flow and/or auto-contrast, through echocardiographic study series.

  2. To identify changes in the internal wall of the extracardiac conduit by echocardiographic and angiotomographic serial examinations.

  3. To identify the occurrence of subclinical pulmonary embolism (PE) by scintigraphy ventilation/pulmonary perfusion.

   

  METHODS

  The project was approved by the Coração Hospital Research Ethics Committee - Syrian Sanatorium Association, and Research Ethics Committe of the University of São Paulo Medical School (HCFMUSP) - CAPPesq.

  This is a prospective randomized study, with a 2-year follow-up, with the inclusion of 30 patients who underwent total cavopulmonary operation with extracardiac conduit in the period between 2008 and 2011. The follow-up was performed in the outpatient sector of the same institution, with consultations and assessments carried out by the researcher in the predetermined periods according to the study protocol.

  Inclusion criteria were:

  1. Children with heart with univentricular morphology in staged programming, for total cavopulmonary shunt operation.

  Exclusion criteria were:

  1. Some aspect of anatomical or angiographic features that contraindicated the cavopulmonary operation, including:

  a. Main ventricular ejection fraction less than 60%, or significant impairment of atrioventricular valve related to the predominant ventricle.

  b. Serious anatomical alteration of the pulmonary venous return (untreatable)

  c. Anatomy of severely unfavorable pulmonary tree.

  2. Inability to perform outpatient treatment;

  3. Any medical condition that prevented the randomization, for example, any indication that the patient used necessarily one of the two drugs evaluated, or contraindication to the use of them.

  4. Refusal of legal guardian to sign the Post-information Consent

  The age during operation was not considered as indication or contraindication factors, being operated children of different ages.

  The children, within the routine protocol of the institution, underwent preoperative hemodynamic studies with cardiac catheterization and mean pulmonary artery pressure measurements (mPAP).

  The preoperative evaluation was consisted of two-dimensional color Doppler echocardiogram, electrocardiogram and cardiac catheterization. Once they were eligible for total cavopulmonary connection, and signed the informed consent form, patients were randomized to Group I or Group II, following randomization list generated by specific program.

  From this point forward, the child was subjected to evaluation of demographic and clinical characteristics, consisting of history and physical examination, and then evaluated according to the study protocol. Data were recorded on a follow-up and evaluation form. Depending on the group allocated by randomization, the patient received warfarin (Group I), at an initial dose of 0.1 mg/kg/day; or antiplatelet drug ASA (Group II), at a dose of 10 mg/kg/day (maximum dose of 100 mg/day). Both were started at the time when the patient was receiving oral medication, and until then, was to use low molecular weight heparin (Enoxaparin) subcutaneously at a dose of 1mg/kg/day, once a day. In the randomized cases appropriate for the use of warfarin, patients were kept in use of subcutaneous heparin until the INR values reached 2-3.

  In the preoperative evaluation (Phase 1), a two-dimensional color Doppler echocardiography, transthoracically, electrocardiogram, and hemodynamic study by cardiac catheterization were performed, as well as lab tests with dosage of liver enzymes, INR, hematocrit, and factors coagulation VII, VIII, protein C. In the immediate postoperative period (Phase 2), until the tenth postoperative day (PO) the surgical technique used was recorded (whether or not fenestration and size of the extracardiac conduit), evolution and occurrences during the period, transesophageal echocardiogram, electrocardiogram and INR control would be performed.

  The outpatient follow-up began in the 3rd month of the postoperative period (Phase 3), assessing progress and clinical complications, electrocardiogram, transesophageal echocardiogram and laboratory analysis: INR, hematocrit, liver enzymes and coagulation factors: Protein C, Factor VII and Factor VIII. The evaluation in the 6th month (Phase 4) was similar to the one in Phase 3, however, angiography of the chest was performed in this moment. In Phase 5 (one year after surgery) we performed an evaluation similar to that in Phase 4, adding ventilation/perfusion pulmonary scintigraphy. The last evaluaiton, two years after surgery, in Phase 6, was identical to that one in Phase 5.

  The collection of blood sample was performed by peripheral puncture. The sample assessment methodology consists of coagulometric method for dosing Factor VII, VIII and PT/PR/INR, Functional Method for Protein C and dry chemical method for dosing AST, ALT and GGT.

  The preoperative echocardiogram was performed by transthoracic two-dimensional color doppler and postoperative examinations by  transesophageal routes, Philips IE 33 device (Bathel-Andover), with pediatric probe in children weighing less than 20kg and adult probe in children with weighing greater than or equal to 20 kg, by a single examiner. The evaluation of the conduit was performed in longitudinal and cross-sectional cut, evaluating the flow by color flow mapping, and Doppler, with the thrombus evaluated by two-dimensional method. The ventricular systolic function was performed by subjective analysis and ventricular diastolic function by plotting the pulmonary vein Doppler.

  Angiotomography was performed by two radiologists examiners. Iodinated contrast material was applied at a dose of 1.5 ml/kg, and only one acquisition was made during apnea; two minutes after contrast injection, without synchronization with the electrocardiogram.

  The ventilation/perfusion scintigraphy was performed after one and two years after surgery. The examinations were performed with the camera flicker with two detectors, equipped with a low energy collimator, parallel channels and high resolution.

  Pulmonary inhalation tests were performed with radioaerosol closed system to prevent ambient air contamination, using Tc99m-DTPA. The pictures were taken after 10 minutes of continuous inhalation when it is expected that 10% of the dose inserted into the system to be absorbed into the alveolar space in the lungs. Planar images were acquired with 128 x 128 matrix, with 350.000 counts per projection. The projections were carried out in the anterior, posterior, anterior and posterior oblique and lateral chest incidences.

  Perfusion studies were performed with the same equipment, with intravenous administration of albumin macroaggregates, labeled with Tc99m. The children performed forced expiratory maneuver (Valsalva). The dose was 2-3 mCi, with the number of particles not exceeding 500.000. In case of clinical signs of cyanosis, the number of particles was reduced to a maximum of 100.000. Images were acquired in the same projections of the inhaled study, accumulating 1000k counts per projection.

  The interpretation criteria followed standardization scheme as guidelines established by PIODED. The exposure dose for children was about 1 mSv per procedure.

  Data were recorded on a follow-up chart being stored and analyzed periodically.

  During the follow-up period, when identified the presence of thrombus or thromboembolic events in patients using ASA, these patients were subjected to specific treatment. Intravenous heparinization and subsequent anticoagulation were performed, and its consequent end of the follow-up period was within the assessment protocol.

  Statistical Analysis

  Statistical analysis of all information collected in this research was initially carried out in a descriptive manner.

  For quantitative variables (numerical) some summary measures were calculated, such as mean, median, minimum and maximum values, standard deviation, and one-dimensional scatter plot graph was drawn. The qualitative variables (categorized) were analyzed by calculating the absolute and relative frequencies (percentages), besides the construction of bar graphs.

  The inferential analyzes used in order to confirm or refute evidence found in the descriptive analysis were:

  • Pearson's chi-square test, Fisher's exact test or its extension to the study comparing the profiles of the treatment groups, according to gender, diagnosis, first and second surgery, pre-occurence of thrombus, hematocrit, liver function, protein C , factors VII and VIII, ventricular dysfunction, and surgical technique (with or without fenestration of the extracardiac conduit);

  • Student's t test for independent samples comparing average levels of pulmonary pressure in the preoperative period between treatment groups;

  • Mann-Whitney test when comparing the age of the treatment groups;

  • Estimation of the survival curves (Kaplan-Meier) and log-rank test comparing the time (days) free of thrombus, according to treatment group, age, diagnosis, pulmonary pressure before surgery, surgical technique, history of thrombus, protein C, factor VII and VIII, ventricular dysfunction in every phase, high contrast in every phase after surgery, death and reintervention.

  In all the conclusions obtained by means of inferential analyzes, we used a 5% significance level.

  Data were entered in Excel 2010 spreadsheets for Windows for proper storage of information. Statistical analyzes were performed using the R 2.15.2 software.

   

  RESULTS

  The clinical and demographic characteristics are presented in Table 1.
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  All procedures were performed with extracardiac PTFE (polytetrafluoroethylene) conduit, varying from 16mm to 20mm, and 19 (63.3%) patients underwent surgery with cardiopulmonary bypass (CPB). In cases where it was necessary to correct intracardiac defect or atrioseptostomy, a CPB circuit was installed.

  The use of fenestration between the extracardiac conduit and the right atrium was essentially a decision of the surgical team for the worst cases, in which we could note the presence of light changes of the pulmonary tree or borderline pulmonary pressure (16-18 mmHg).

  The type of surgical procedure associated with total cavopulmonary connection the with extracardiac conduit is shown in Table 2.
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  Clinical follow-up

  Among the thirty patients treated, six had thrombus formation. Five of these patients had thrombus in the extracardiac conduit and one of them in the inferior vena cava, diagnosed by transesophageal echocardiography in the immediate postoperative period (within the first 10 days after surgery). Among them, four were using ASA and two using OAC. Due to the formation of thrombus, the patient underwent intravenous heparin in ICU and then watched according to the clinical need, the follow-up was then interrupted by the study protocol.

  During the follow-up period, there were two deaths, both allocated to the OAC group, not related to the occurrence of thrombus. One patient had died five months after surgery, before hospital discharge, during the takedown surgery due to Fontan circuit failure. The second child evolved with protein-losing enteropathy, immunosuppression and infectious complications, and opted for fenestrating the conduit, dying in the postoperative period of the fenestration procedure, one year after total cavopulmonary connection.

  Table 3 summarizes the occurrence of thrombus from the preoperative period to the 24th month after surgery. By the end of the follow-up period (24 months postoperatively), ASA group had 46.7% (7/15) of children with thrombus. In OAC group, we observed 20.0% (3/15) children with thrombus, despite the difference, it was not statistically significant P=0.121. The occurrence of thrombus for the other phases are described in Table 3.
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  In order to investigate the factors that interfere in thrombusis-free-survival time, including the drug used in the prophylaxis (OAC or ASA), the age of total cavopulmonary connection (arbitrarily divided into: less than five years and greater than five years), the morphology of single ventricle (VUE or SUVs), the mPAP in the preoperative period (> to 18 mmHg), the presence of fenestration, history of thrombus and ventricular dysfunction in every phases during the evaluation; survival curves were constructed, and then, the log-rank test was used.

  The results of these tests confirmed that the thrombus free time is not related to the following factors:

  • Use of aspirin or OAC (P=0.156) - Figure 1
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  • Age group (P=0.471);

  • Diagnosis (P=0.960),

  • mPAP in the preoperative period (P=0.606),

  • Fenestration (P=0.477),

  • Ventricular dysfunction during preoperative period (P= 0.224) in the immediate postoperative period (P=0.329), three months after surgery (P=0.967), 6 months after surgery (P=0.664), 12-month postoperative period (P=0.458) and 24 months after surgery (P=0.409).

  Among all variables analzed, the one that showed main influence on the occurrence of thrombus in the postoperative course, was the presence of thrombus prior: thrombus free time in children with no history of thrombosis is statistically higher when compared to children with a history of thrombus (P=0.035) Figure 2.

  
    

    [image: Fig.2 - Thrombus-free survival curve comparing patients with history of prior occurrence of thrombus and without occurrence of thrombus]

  

  Concerning the coagulation factors, there is a considerable number of patients in each group who already have these changed factors in the preoperative period, mainly Protein C, which is an important anticoagulation factor. Serum Protein C was low in 33% of patients in the ASA group and 40% of the OAC group. However, surprisingly, the number of patients who developed free of thrombus was significantly higher among individuals with a deficit of this protein in the preoperative period (P=0.047) than those with normal levels of this anticoagulant factor, at the same moment of the evaluation.

  On the other hand, serum factors VII and VIII levels had no influence on thrombus free time in the postoperative period in patients evaluated with values of P=0.550 and P=0.329, respectively. The comparison of serum levels of coagulation factors evaluated in the postoperative period can not be considered, as they were under strong influence of warfarin.

  Among patients undergoing outpatient follow-up, five of them had lack of adherence to treatment and did not use the medication properly. Clinical monitoring was possible exclusively due to the researcher's urgent demand, with the aid of the Institution social assistance service.

  Parents justified the lack of adherence by giving some resons, including: financial difficulty to pay for transport to attend appointments and check ups. Another reason was the perception of good clinical condition of the child, leading them to judge that the use of medication or any revaluations were not necessary.

  Among these five patients, four were using OAC, and consequently, outside the therapeutic range during the follow-up evaluation. Among patients on warfarin, the INR value ranged from 1 to 6.4.

  Among the 15 patients who made up this group (OAC) 14 (93.3%) had at least one INR measure out of range during the follow-up period, and two (13.3%) had INR greater than 4, which implies bleeding risk.

  The occurrence of slow flow through the conduit, with the presence of high contrast in varying degrees, was a relatively common finding in the immediate postoperative period, five patients in each group (33.33%). However, the occurrence of high contrast in extracardiac conduit, assessed by transesophageal echocardiography in the immediate postoperative period, did not interfere in the free development of thrombus (P=0.148).

  Changes in the inner wall of the extracardiac conduit, described as a deposit of low attenuating material visualized by chest angiotomography, has been found to be common to both groups since the first angiotomographic evaluation, and can be visualized on the pictures below (Figure 3A and 3B).
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  Table 4 describes the occurrence of material deposited on the wall of the extracardiac conduit, visualized by chest angiotomography.
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  The thickness of the hyperechoic image in question ranged from 0.9 mm to 3.5 mm, with the latter correlating thrombus image to transesophageal echocardiography. Over the postoperative period, this characteristic was more important in ASA group in which 35.7% had deposited material with thickness greater than 2 mm, as shown in Table 5. None of the patients in the group using OAC presented material thickness that reached this size, with P=0.08.
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  The occurrence of subclinical PTE was low. Only two patients, both in use of antiplatelet agents had ventilation/perfusion pulmonary scintigraphy with PTE pattern (Figure 4), without showing any clinical alteration typical of its occurrence. One of the children has evolved with hemodynamic compromise, the Fontan circuit and protein-losing enteropathy, followed by the described diagnostic finding. Comparing the occurrence of PTE in the group using ASA with the group using OAC, there was no statistically significant difference (P=0.483).
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  DISCUSSION

  In 2011, Monagle et al.[7] published a multicenter, prospective, and randomized study, with 111 patients in the postoperative period of modified Fontan operation comparing the two primary prophylaxis strategies commonly used: ASA (57 patients) and warfarin (54 patients), with diagnosis of thrombus in 21% of patients using the former and 24% the latter. The patients were assessed by transthoracic and transesophageal echocardiography in the 3rd and 24th months after surgery, confirming a high incidence of thrombosis, regardless of the strategy used. In 2012, Manlhiot et al.[8] studied the aspects of thromboembolic complications, and thromboprophylaxis in the three stages of surgical staging of univentricular heart and showed that the use of warfarin, as a prophylaxis, has a significant reduction in thrombosis risk when compared to the use of ASA or absence of prophylaxis.

  Comparison of the efficacy of the OAC and the antiplatelet agent is an old discussion, and the choice of each drug, as well as their association, have been performed according to the preference and experience of each group. A meta-analysis published in 2011[3] evaluated 20 studies related to the subject, with samples ranging from 6 to 282 patients. Seven of this researches whose prophylaxis were performed with ASA, three using only the oral anticoagulant, and the remaining ten publications with the application of both, with thromboembolism rate ranging from 0 to 16%, which was similar among patients regardless of the strategy used.

  The occurrence of thrombosis was more frequent in the first postoperative evaluation, phase 2. It was when 26.7% of children using ASA and 13.3% of children using warfarin use had the thrombus image diagnosed by transesophageal echocardiography. Data consistent with recent publications have also shown a higher incidence of thrombus in early postoperative period of total cavopulmonary connection (no unanimity about the technique with the extracardiac conduit)[9].

  After a 2-year-follow-up period, the total occurrence of thrombosis was 46.7% of patients using ASA and 20% of patients using OAC. Factors such as the age; the mPAP in the preoperative period; the use of fenestration; slow flow by extracardiac conduit and single ventricle systolic dysfunction, had no interference in the occurrence of thrombus during the whole follow-up period.

  Only the prior history of thrombus showed interference with thrombus formation in the postoperative period. This fact is related to the hypercoagulable state of the children with univentricular heart. Among the pre-stages of total cavopulmonary connection, the thrombus occurs either by changing the number, as in the activity of coagulationg factors; by hemodynamic changes and oximetry of the univentricular physiology; which is a relevant subject of important publications over the past few years, and previously discussed in this article[3,6, 8,10].

  In both instances mentioned above, the difference in the occurrence of thrombus between the two groups was not statistically significant, probably due to the small sample size of this study. It is difficult, however, to ignore the fact that the number of patients who developed thrombi in the group using ASA, is greater than twice the number of patients in the warfarin group.

  Protein C is a natural anticoagulant synthesized in the liver as a vitamin K-dependent protein. Once activated by thrombin, it inhibits the coagulation factors Va and VIIIa, stimulating fibrinolysis. Thus, the deficiency of this protein is associated with a thrombogenic condition. Just as the deficiency of this coagulation factor in the preoperative period of total cavopulmonary connection, also in the postoperative period, several studies have shown such deficiency[3,10] and that there is a gradual reduction in this deficiency with increasing follow-up time[11].

  In our sample, 33.3% of patients had protein C in the preoperative evaluation. Among these patients, about 90% were free of thrombus, showing that the Protein C was not a protective factor against the occurrence of thrombus in the preoperative period. However, it is not possible to evaluate the behavior of the coagulation factor in all patients in this sample after surgery, since the patients using warfarin have compromised results.

  The safety of using warfarin in pediatric patients is a concern for all of us who deal with this type of patient. In 1999, a comprehensive evaluation of 319 children aged 1 month to 18 years of life using warfarin for different reasons, followed up in a anticoagulation center, found important data applicable to the population that we studied[12]:

  • Children undergoing Fontan circuit surgery require higher dose of warfarin to achieve an expected INR value;

  • There is difficulty in the management of anticoagulation in children younger than 6 years of age, requiring higher doses of warfarin;

  • The long time of warfarin necessity overlapping with heparin, thus the INR is within the desired range; need for prolonged periods; more frequent dosing and need for more frequent dose adjustments.

  In our sample, five patients (16.6%) had lack of adherence during the follow-up period, and its maintenance was possible only due to the researchers' insistence and with the aid of the support staff, with four (80%) using warfarin, and consequently, the INR oscillated out of range, with values between 1 and 6.4. Furthermore, in general, in the group using warfarin, 93.3% had at least an INR value below the desired range, which significantly increases the risk of thrombosis, as shown in a multicenter prospective study already mentioned, in which, the group taking warfarin during the INR evaluation, had less than 30% with INR greater than 2[7].

  Changes in the inner wall of the extracardiac conduit used in total cavopulmonary connection is still being poorly studied, with sparse data in this regard. In our study, during the 2-year-follow-up period, both the number of children with material deposited in the conduit wall was higher in the ASA group (83.3%) and the thickness of the material (which varied throughout the evaluation from 0.9 to 3.5 mm) was higher (more than 2 mm). Images larger than 2 mm were not seen in children using warfarin at this time, with P=0.082; thus, showing a tendency to affirm that the deposit of materials, with increasing follow-up time, is higher in the ASA group. The material described as material accumulation in a recently published study[13] was called large thrombus base, adhered to the inner wall of the extracardiac conduit in 3 of 10 patients. The approach and interpretation of the found material, brings up inmportant aspects for discussion, both as regards the size and appearance, thus, tomography may be an important tool in the early diagnosis of the thrombus preventing pulmonary thromboembolism.

  The occurrence of subclinical PTE, releasing small emboli to the pulmonary circulation, is a major problem in Fontan physiology, due to the decrease in oxygen saturation and increased pulmonary vascular resistance.

  The pulmonary scintigraphy is not routinely performed in patients undergoing total cavopulmonary connection, which makes it difficult to compare. However, PTE was diagnosed in two patients, both using ASA, after one and two years after surgery. Due to the importance of hemodynamic compromise of the Fontan circuit in the presence of pulmonary thromboembolism, strategies must be drawn in search of a practical and reliable diagnosis of this alteration, and tomography would be a possible option[13].

  The low incidence of heart with univentricular physiology among congenital heart diseases, coupled with mortality in the interstage period, significantly limits the number of patients to be added to a prospective and randomized study in the postoperative period of total cavopulmonary connection. The thromboembolic phenomenon in the postoperative period of this procedure is very important, both with regard to a high incidence and mortality.

   

  CONCLUSION

  1 - The occurrence of thrombosis was significantly higher in the ASA group, however, this difference was not statistically different.

  a - when we evaluated all the factors studied in the thrombosis-free-survival, we noted that the only factors that really affect are the previous occurrence of thrombus (P=0.035) and deficiency of Protein C in the preoperative period (P=0.047).

  2 - Hepatic function and coagulation factors:

  A - with the exception of Protein C, coagulation factors and liver enzymes showed no interference in the free development of thrombus.

  3 - Regarding the viability of the usual prophylaxis for thromboembolism, neither drug led to significant side effects and bleeding. None of the children had the drug suspended due to intolerance.

  4 - The flow rate is reduced by the extracardiac conduit and the occurrence of thrombus was more frequent in patients with slow flow, without statistical significance.

  5 - In the group using ASA, we found a tendency to a higher incidence of thicker material accumulation (greater than 2 mm) compared to the group using OAC (P=0.082).

  6 - Subclinical pulmonary thromboembolism occurred in two patients, without any statistically significance.

  Patients with history of thrombosis, which will be submitted to total cavopulmonary connection (Fontan type), should be maintained in the postoperative period, with the use of warfarin. It is necessary to expand the sample numbers of this study to give statistical power to the fact that twice as many children using ASA evolves with thromboembolic phenomena, patients using ASA has more material adhered to the wall of the conduit, reaching a thickness exceeding 2 mm, and are more likely to pulmonary thromboembolism compromising the Fontan circuit, therefore, we suggest that these patients, when they can afford this treatment, should be anticoagulated with the use of warfarin in the postoperative period of total cavopulmonary connection.
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    ABSTRACT

    INTRODUCTION: Allogeneic blood is an exhaustible therapeutic resource. New evidence indicates that blood consumption is excessive and that donations have decreased, resulting in reduced blood supplies worldwide. Blood transfusions are associated with increased morbidity and mortality, as well as higher hospital costs. This makes it necessary to seek out new treatment options. Such options exist but are still virtually unknown and are rarely utilized.

    OBJECTIVE: To gather and describe in a systematic, objective, and practical way all clinical and surgical strategies as effective therapeutic options to minimize or avoid allogeneic blood transfusions and their adverse effects in surgical cardiac patients.

    METHODS: A bibliographic search was conducted using the MeSH term "Blood Transfusion" and the terms "Cardiac Surgery" and "Blood Management. " Studies with titles not directly related to this research or that did not contain information related to it in their abstracts as well as older studies reporting on the same strategies were not included.

    RESULTS: Treating anemia and thrombocytopenia, suspending anticoagulants and antiplatelet agents, reducing routine phlebotomies, utilizing less traumatic surgical techniques with moderate hypothermia and hypotension, meticulous hemostasis, use of topical and systemic hemostatic agents, acute normovolemic hemodilution, cell salvage, anemia tolerance (supplementary oxygen and normothermia), as well as various other therapeutic options have proved to be effective strategies for reducing allogeneic blood transfusions.

    CONCLUSION: There are a number of clinical and surgical strategies that can be used to optimize erythrocyte mass and coagulation status, minimize blood loss, and improve anemia tolerance. In order to decrease the consumption of blood components, diminish morbidity and mortality, and reduce hospital costs, these treatment strategies should be incorporated into medical practice worldwide.

    Descriptors: Blood Transfusion. Bloodless Medical and Surgical Procedures. Blood Preservation. Operative Blood Salvage. Cardiac Surgical Procedures.

  

   

   

  INTRODUCTION

  Since the 19th century, allogeneic blood has been frequently utilized in increased numbers worldwide. The percentage of transfusions of hemocomponents in coronary artery bypass graft (CABG) has reached 92.8% for red cells, 97.5% for fresh frozen plasma, and 90.4% for platelet infusion[1]. Currently, reduction in blood donations worldwide has resulted in a shortage of blood supply in blood banks[2]. This situation is a real problem among us and it will likely get worse, as the blood demand in the country is not proportional to the donations, indicating a possibility in the near future a shortage of this therapeutic resource to be used to perform and/or complete surgical procedures[3]. Therefore, since 2008, medical professionals have been concerned over what to do with a patient who is bleeding and no blood is available for transfusion[4].

  For over half a century, transfusion therapy had not been questioned since no significant evidence of adverse effects existed. However, since the 1980's, numerous studies have been analyzing the safety and efficacy of blood transfusions. Initially, a correlation has been found between transfusion of blood components in CABG and clinical complications, such as kidney failure (KF), infectious processes, prolonged ventilation, and neurological damages[5]. Most recently, it became evident that allogeneic blood transfusion in cardiac surgery is a therapy with other serious adverse effects such as atrial fibrillation (AF), stroke, respiratory infections, sepsis, myocardial infarction (MI)[6,7], including the risk of death[8-10]. Even after taking into account factors such as age, gender, weight, height, as well as various diseases such as diabetes mellitus, hypertension, chronic obstructive pulmonary disease, peripheral vascular disease, heart failure (HF), cerebrovascular disease, the use of blood transfusions can lead to an increase up to 70% in the mortality rate of cardiac surgery postoperatively[8]. In our research, we have found that transfusion of red cells was an independent predictor factor of death after CABG in a population of 1,888 patients. Even in a subgroup of low-risk patients (age < 60 years and EuroSCORE < 2%), there was a significant higher mortality rate in the group who had received blood transfusions[9].

  Other studies have showed the mortality rate to be directly proportional to the number of packed red blood cell (PRBC) units transfused. Each unit of PRBC transfused can increase the mortality risk to 77% post CABG[5]. After analyzing 3,010 patients who had undergone CABG, Santos et al. [10] have also observed that the mortality risk is dose-dependent on the number of units of allogeneic PRBCs transfused. The higher the units of red blood cells transfused, the higher the mortality risk postoperatively.

  In addition to the risks related to blood transfusions, the cost is also a factor that needs to be considered. Although it varies in other countries, when all activity-based costs of blood transfusion was taken into account, in 2010 the estimated cost for one unit of blood in the United States of America (USA) was about 1,200 dollars[11]. Transfusion of PRBC has also been associated with increased length of hospital stay resulting in higher hospital costs[6,7].

  Given the evidence of increased incidence of infections, sepsis, stroke, AF, KF, HF, MI, increased risk of death[5-10], higher costs[6,7] and shortage of blood components[2,3], other nontransfusional treatment options are necessary. In the attempt to decrease allogeneic blood consumption during cardiac surgeries, numerous alternative treatment options have been proposed[4,12-16], however, due to the practicality of transfusional therapy, these options are virtually unknown and are rarely used.

  The aim of this review is to gather and describe in a systematic, objective, and practical way all clinical and surgical strategies as therapeutic treatment options that could assist the surgeon, anesthesiologist, clinical and/or critical care physician, as well as other critical care professionals, to reduce or avoid allogeneic blood transfusions in cardiac surgeries, and consequently, their adverse effects.

   

  METHODS

  Search Strategy

  For this review, a bibliographic search was performed in the month of February, 2014 using the online databases PUBMED/MEDLINE, LILACS, COCHRANE library and SciELO for articles published between January 1, 1980 and January 31, 2014. The search was limited to the MeSH (Medical Subject Headings) term "Blood transfusion" and the terms "Cardiac surgery" and "Blood management". Despite not being MeSH terms, "Blood management" and "Cardiac surgery" were included in the search because they are important keywords highly relevant to the subject being discussed. The combination of the terms "Blood management" and "Cardiac surgery", "Blood management" and "Blood transfusion", and finally, "Blood transfusion" and "Cardiac surgery" resulted in 9,018; 11,299 and 5,998 articles, respectively.

  Inclusion Criteria

  Presence of one or more alternative treatment options for blood transfusion in the article. In order to assemble all possible therapeutic options with evidence of reducing allogeneic blood consumption, recent articles were selected containing a systematic review process and meta-analysis, prospective multicenter randomized cohort studies, retrospective cohort studies, case studies and others, without restriction on the minimum number of participants for each study, in all languages from January 1, 1980 to January 31, 2014.

  Exclusion Criteria

  Studies excluded from this review were: studies with titles not directly related to this research; studies that did not contain in their abstract data relevant to this research; older studies reporting on the same strategies (intraoperative blood salvage, acute normovolemic hemodilution, use of erythropoiesis-stimulating agents, use of various systemic and topical hemostatic agents, strategies to restrict the use of blood transfusion and others).

  Selection of Studies

  By means of an individual triage of the articles found after the database search was performed using specific terms, data containing the main and most frequent treatment alternatives to the use of blood components in cardiac surgery was extracted from the articles. Figure 1 shows an organogram of the methodology used for obtaining the 76 articles selected for this review. Initially, an analysis was performed of all the tittles found during the search combination of the specific terms used. Titles directly related to the study, with emphasis on strategies to minimize blood transfusions and their adverse effects during cardiac surgery, passed during this initial triage process. Then, we excluded similar repetitive titles, selecting the most up-to-date ones to read their respective abstracts. Abstracts that did not present strategies related to cardiac surgery or presented strategies that could not be applied to cardiovascular surgery, were also not selected for a complete analysis of the article. The final selection of the articles relevant to this research was performed through individual searches with data crossing done by two authors and supervised by a third.

  
    

    [image: Fig. 1 - Organogram of the methodology about the different search steps]

  

   

  RESULTS

  According to this study review, numerous strategies have shown to have impact on reducing allogeneic blood consumption.

  To facilitate the medical practitioner's course of action, the main strategies selected to avoid or reduce the transfusional practice were separated into three important pillars: I – optimize the erythrocyte mass and the coagulation status; II – minimize blood loss, and III – anemia tolerance.

  To reach the aim of this review, additional helpful information obtained from this study has been structurally included in each of these pillars.

  Figure 2 shows a flowchart containing important strategies in each pillar for a new nontransfusional approach during the pre, intra, and postoperative care.
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  I – Optimize the erythrocyte mass and the coagulation status

  To reduce or avoid allogeneic blood transfusion is necessary to perform a preoperative assessment that includes a detection and treatment of anemia and thrombocytopenia.

  Table 1 shows the main strategies to optimize the erythrocyte mass and the coagulation status. We briefly described each one of them below:
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  1 – History of anemia and abnormal bleeding

  Assessment of congenital or acquired hemorrhagic disturbances.

  2 – Identify the use of medications that could have adverse effects on anemia, thrombocytopenia and coagulopathy[17]

  Acetylsalicylic acid (ASA), nonsteroidal anti-inflammatory drugs, anticoagulants, platelet aggregation inhibitors, beta-lactam antibiotics (such as penicillins, ticarcillin), beta blockers, calcium channel blockers, H2 blockers, furosemide, thiazide diuretics, alpha-methyldopa, quinidine, anticonvulsants, myelosuppressive agents, diet and herbal supplements can affect the coagulation or the platelet function.

  3 – Physical exam

  Search for manifestations of illnesses known to be associated with hemostatic dysfunction (hepatomegaly, splenomegaly, petechiae, purpura, ecchymosis, hemarthrosis, evidence of collagen vascular disorders, telangiectasia).

  4 –Selective laboratory evaluation

  Complete blood count with differentiation, reticulocytes, ferritin, vitamin B12, folate, complete coagulogram, platelet function and aggregation tests, fibrinogen concentration, hepatic, renal and thyroid function tests. If the preoperative laboratorial results are abnormal, then ideally the surgery should be postponed until the abnormalities are corrected or until more detailed preliminary studies can be obtained. In such cases, a hematologist evaluation is recommended. In the event of urgent surgeries, normalize the coagulation status with appropriate agents, as courses of actions well defined later in this article.

  5 – Anemia treatment

  a) Identify and treat hematinic deficiencies

  Iron deficiency is the most treatable and frequent cause of anemia[18]. Prophylactic administration of hematinics (iron, folic acid, vitamin B12) should always be considered.

  b) Treatment of iron deficiencies

  Intravenous (IV) iron by saline infusion, for example, iron hydroxide saccharate (dosage of 3 to 5 mg/kg/day and the maximum of 200 mg/day) or carboxymaltose (dosage 15 mg/kg and the maximum of 1,000 mg in single infusion) can rapidly replenish iron reserves. Oral iron bioavailability can be increased by a concomitant administration of ascorbic acid. The simultaneous use of dairy products, egg yolks, coffee, tea, antacids, or fiber reduces the absorption of oral iron. Parenteral administration of iron is recommended in patients with oral iron intolerance, inadequate absorption, chronic or severe blood loss, or nonresponsiveness to treatment[19].

  c) Recombinant human erythropoietin (r-Hu-EPO) therapy

  This therapy is recommended preoperatively to increase the erythrocyte mass in patients who are anemic or who refuse the use of blood components or in patients with risk of anemia postoperatively[16,20]. Before the initiation and/or during treatment with r-Hu-EPO, correct deficiencies in iron, folic acid and vitamin B12.

  d) Dosage and administration route r-Hu-EPO

  The responsiveness to r-Hu-EPO depends on the dosage and varies from patient to patient. Excluding chronic renal insufficiency, r-Hu-EPO dosages varying from 150 to more than 600 IU/kg/week with various dosing intervals and schedules have been reported to accelerate the recovery of acute anemia[20]. In critically ill patients in intensive care, the subcutaneous administration of r-Hu-EPO 40,000 IU per week resulted in a significant increase in hemoglobin levels and consequently in a reduction of 19% of blood transfusion needs[21].

  Some patients require higher dosages of r-Hu-EPO to reach an adequate response. Some evidences suggest that r-Hu-EPO dosages in intervals of 24-72 hours (150-300 IU/kg) can be more effective than weekly single doses (600 IU/kg). If unable to determine or correct the cause r-Hu-EPO treatment resistance or hyporesponsiveness, consider the use of higher dosages[22].

  In severe anemia, the concomitant use of IV iron can optimize the response to erythropoietic agents[18]. Aggressive anemia therapy must not be delayed until the hemoglobin levels fall and reach critically low levels. Erythropoietin of up to 200 IU/kg/day (1,400 IU/kg/week in divided dosages) has been shown to be safe and well tolerated by children[23]. Concomitant anabolic androgenic therapy can optimize the response to erythropoietic agents by increasing the sensibility of the progenitor erythroid cells[24].

  The intravenous route allows for higher levels of erythropoietin concentration in the plasma. For severe acute anemia, critical illnesses, deficiency in subcutaneous absorption (due to edema or blood flow alterations) consider initial IV administration of r-Hu-EPO followed by subcutaneous dosages[25].

  e) Other considerations about r-Hu-EPO

  The treatment with r-Hu-EPO can produce a moderate and temporary dose-dependent increase on platelet reactivity[26]. A poor response to erythropoiesis-stimulating therapy includes iron deficiency as well as infectious, inflammatory or malignant processes, occult blood loss, hyperparathyroidism and hematologic diseases[27].

  Erythropoietic agents have been associated with increased blood pressure levels in patients with chronic renal insufficiency or previous hypertension. Monitoring and controlling blood pressure levels are necessary. In patients with anemia and malignant neoplasm, the risks and benefits of r-Hu-EPO treatment should be assessed due to increased thromboembolic events, tumor progression and mortality risk with this patient population[28].

  Darbepoetin (dose 0.45 µg/kg/week) and CERA (continuous erythropoietin receptor activator - dose 0.60 µg/kg every two weeks) are other erythropoiesis-stimulating agents with higher metabolic stability and longer half-life, currently not yet available in many countries.

  6 – Thrombocytopenia treatment

  The majority of thrombocytopenia cases resolves by suspending or avoiding the causative agents (cytotoxic drugs, cardiopulmonary bypass (CPB), excessive hemodilution), treating disorders that affect the bone marrow (severe infections, idiopathic or thrombotic thrombocytopenic purpura), splenectomy (hypersplenism). Regardless of the etiology, the following drugs can be separately used to stimulate thrombocytopoiesis: a) Eltrombopag: dose 50-100 mg/day; b) Recombinant human interleukin-11(oprelvekin): dose 50 µg/kg/day; c) Recombinant human thrombopoietin (r-Hu-TPO): dose 300 IU/kg/day; d) Human immunoglobulin: dose 200-400 mg/kg/day.

  The literature shows that eltrombopag[29] and r-Hu-TPO[30] are effective in stimulating thrombocytopoiesis and consequently reducing platelet transfusions.

  7 - Nutrition

  Early enteral feeding as tolerated. Intravenous parenteral nutrition in patients who cannot be fed through the digestive system. Protein supplementation to support erythropoiesis.

  8 – Additional preoperative planning

  If high blood loss is expected postoperatively, potentially causing a severe case of anemia, consider a differential surgical approach or appropriate combinations of preoperative strategies to optimize perioperative hemoglobin levels, coagulation factors, and patient's condition. Combination of blood conservation methods during the intra and postoperative care can also be considered.

  Preoperative autologous blood donation has not yet been well defined in relation to its real benefit and cost-effectiveness. Its use in cardiac surgery is very disputable.

  II – Minimize blood loss

  Cardiac surgery has been frequently associated with bleeding. The higher the blood loss, the greater the indication will be to use multiple modalities of blood preservation. The use of appropriate combinations of techniques has a synergistic effect in reducing surgical and nonsurgical bleeding (caused by coagulopathy). Excessive blood loss is linked to adverse effects[31].

  Table 2 shows the main strategies to minimize surgical blood loss. We briefly described each one of them below:
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  1 - Reducing diagnostic phlebotomies

  Perform only essential tests. Eliminate daily multiple routine phlebotomies[32]. Only order tests or procedures that would probably alter the treatment.

  2 - Minimizing blood volumes withdrawn for tests

  Utilize pediatric tubes (small volume) to draw blood in adults[33]. Perform blood microsampling. Noninvasive monitoring (pulse oximetry, transcutaneous oximetry). Restrictive use of indwelling catheters.

  3 – Reducing blood loss during invasive medical procedures 

  Minimize placements of central arterial or venous catheters, hemofiltration, dialysis, cardiac catheterization. Use caution with invasive procedures in patients receiving anticoagulants or platelet aggregation inhibitors.

  4 – Intraoperative blood preservation and autologous blood management

  a) Surgical techniques to minimize blood loss

  Meticulous hemostasis. Fast and very careful control of bleeding[34]. Less traumatic surgical approach (minimally invasive surgery and/or consider an approach that avoids operating through known or suspected adhesions). Mechanical occlusion (ligature, vascular clips, staples, sutures).

  Reducing surgical duration, especially the use of CPB. A multicenter study has shown evidence of significant reduction of blood transfusion needs and reoperation for bleeding in surgeries without CPB[35]. In a meta-analysis of randomized studies, the data shows that the use of mini-circuit systems in CPB has been effective in reducing the number of blood transfusions[36]. If possible, adapt the CPB circuit to accommodate a small prime of about 750 to 1,200 ml of crystalloids. The use of ultrafiltration in cardiac surgery, assessed in another meta-analysis, resulted in reduction of hemorrhage and consequently in significant reduction in blood transfusions[37]. The use of retrograde autologous priming during the CPB is safe and effective in reducing the degree of hemodilution, therefore, providing adequate oxygen delivery minimizing allogeneic blood consumption[38].

  Moderate hypothermia. Temperature maintained between 30 and 32ºC during the CPB is associated with reduction of bleeding during the intra and postoperative period[39]. Re-infuse all the blood of the CPB circuit and if possible the blood collected from the drainage of the mediastinum during the first six hours postoperatively. Verify, during and immediately after the CPB, the activated clotting time (ACT) to avoid hyperheparinemia. Correct it with protamine sulfate (1 mg of protamine is able to inactivate in average 100 IU of sodium heparin). Divide complex procedures into stages.

  b) Prophylactic preoperative angiographic embolization

  If bleeding is suspected but the cause is unknown, employ the use of early selective angiography and embolization to quickly stop the blood loss.

  c) Allow for moderate hypotension during bleeding

  In uncontrolled bleedings, normalizing blood pressure could be harmful. In patients with dangerous acute hemorrhages, tolerating light to moderate hypotension is suggested, that is, arterial blood pressure at the lowest level possible to maintain tissue perfusion (mean arterial pressure of 50-65 mmHg)[40].

  d) Blood pressure management

  Slow and gradual return to normal pressure after the bleeding has been controlled. Postoperative moderate hypotension (systolic blood pressure of 80-90 mmHg in normotensive patient) is sufficient to maintain perfusion of vital organs and to avoid pressure peaks that could potentially cause late hemorrhaging[40].

  e) Hemostatic surgical instruments: electrocautery/electrosurgery; argon beam coagulator; bipolar forceps; radiofrequency thermal ablation; laser.

  f) Pharmacological hemostasis: systemic hemostatic agents

  The surgical cardiac guidelines[16] recommend initially: tranexamic acid: dose 25 mg/kg of body weight. The maximum dose cannot exceed 50-100 mg/kg, due to its neurotoxicity effects; epsilon aminocaproic acid: loading dose of 150 mg/kg. The administration should be continued with an infusion of 10 mg/kg/hour, for four to five hours, with a maximum dose of 24 g (one gram per hour).

  In case of excessive bleeding, other hemostatic agents can also be used: vasopressin: dose 0.2-0.4 U/min, until the bleeding is stopped, maintenance dose of 12 hours; conjugated estrogens: dose of 20 mg via IV, preferably. If necessary repeat the administration after 6 to 12 hours. Caution should be used with renal, hepatic and severe cardiomyopathy patients[41].

  g) Pharmacological hemostasis: agents that increase the coagulation factors activity

  Desmopressin acetate (DDAVP)

  Dose 0.3 µg/kg of body weight. Used prophylactically for bleeding with CABG, particularly with patients using ASA or in cases with prolonged CPB time[16]. Desmopressin can increase the platelet adhesion and the levels of coagulation factors VIII and von Willebrand in the plasma[42]. In a meta-analysis of 38 randomized placebo-controlled studies, desmopressin was shown to significantly reduce intraoperative bleeding and transfusion of blood components without increasing the risks of thromboembolic complications[43]. Desmopressin can be used with epsilon aminocaproic and tranexamic acids without adverse effects. Due to risk of hypotension, monitoring patient is suggested.

  Vitamin K (phytomenadione)

  Dose in adults: 10-20 mg IV slow (maximum 50 mg/day) and 100 mg by mouth. Postoperative administration of parenteral vitamin K can be considered with hemorrhages[44].

  Recombinant activated factor VII (r-FVIIa)

  Dose 40-90 μg/kg of body weight. This dose can be repeated every 2 hours according to the type and severity of the hemorrhage. A single dose of 270 μg/kg can be used in cases of moderate hemorrhages. The use of r-FVIIa can be considered in clinical situations where the conventional approach to surgical and pharmacological hemostasis has failed and an uncontrolled hemorrhaging has increased the risk of serious outcomes and the risk of death[16]. The r-FVIIa has been associated with blood loss reduction in nonhemophiliac patients in numerous clinical situations including postoperative bleeding, thrombocytopenia, congenital or acquired disorders of platelet function, acquired bleeding predisposition and pre-existent or drug induced coagulopathies[45].

  Replacement therapy of clotting factor VIII (concentrate) 

  Factor VIII (25 IU/kg of body weight) is available as a recombinant product and specific use.

  Prothrombin complex concentrate (PCC)

  Dose 20-40 IU/kg of body weight. PCC acts in the phases of initiation and amplification of coagulation. Rapidly restoring normal levels of clotting factors. Allows for progression of the prothrombin pathway[46]. The literature shows the efficacy of PCC is similar to the transfusion of fresh frozen plasma in controlling major bleeding and avoiding post trauma mortality[47].

  Human fibrinogen concentrate (HFC)

  Dose 25-50 mg/kg of body weight. The use of 1-2 g for small bleeding and 4-8 g for excessive bleeding is recommended. It is effective in controlling major bleeding during surgery, hence, avoiding or minimizing the use of plasma and/or platelet transfusions[48]. It is recommended a minimum fibrinogen concentration of 1.5-2.0 g/L in surgical patients. Conditions associated with hypofibrinogenemia: massive blood loss, massive transfusion, blood dilution with plasma substitutes, extensive tissue injury, disseminated intravascular coagulation, hemodialysis, surgery or injury of organs with pro-fibrinolytic potential, hepatic insufficiency and fibrinolytic therapy.

  Human recombinant factor XIII

  Dose 20-35 IU/kg/day until bleeding is stopped. Recommended for clot stabilization in post-surgical cardiac patients with excessive bleeding, when other hemostatic agents have not produced satisfactory results[49].

  h) Pharmacological hemostasis: topical hemostatic agents

  Efficient in controlling local bleeding, especially when surgical hemostasis has not been effective[49,50]: oxidized cellulose hemostat for wound compression; tissues adhesives/fibrin glue/sealants; fibrin or platelet gel; hemostatic collagen; gelatin sponge/foam; thrombin-soaked or topical thrombin tamponade; plant based polysaccharides; calcium alginate.

  5 – Acute Normovolemic Hemodilution (ANH)

  Hemodilution, besides being a low-cost strategy, can produce beneficial effects, such as less organ insufficiencies due to the increased release of oxygen in the microcirculatory level and less thrombolytic complications resulted from decreased platelet aggregation. In addition to conventional techniques of myocardial preservation, preoperative ANH promotes greater cardiac protection in patients undergoing CABG[51].

  The amount of blood to be removed during hemodilution is determined by Gross's formula[52]: V = EBV x (Hcti - Hctf)/Hctav where V = volume of blood withdrawn, EBV is the estimated blood volume, Hcti is the ideal initial hematocrit, Hctf is the minimum hematocrit and Hctav is the average hematocrit [(Hcti + Hctf)/2]). General practical rule: for each unit of blood removed (450 ml), slowly infuse (to avoid hypervolemia) 1,000 ml of crystalloids. The ANH might be more effective if able to remove at least 1,000 ml of blood in the beginning of surgery.

  The ANH, besides being cost-effective, has been safely used in avoiding or reducing homologous blood transfusions in adult[16,53] and pediatric[54] cardiac surgeries.

  Figure 3 shows a schematic representation of an ANH.
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  6 – Intraoperative blood recovery (cell saver)/Autotransfusion

  Intraoperative blood recovery is one of the most important strategies in cardiothoracic surgeries with the ability to reduce the total blood loss and homologous blood transfusion needs and it is recommended by the autologous blood conservation guidelines[16,49,55]. Since this strategy is easy to be applied, some authors defend its use in all patients undergoing cardiac surgery with CPB, regardless of the expected surgical blood loss[55]. This is an important strategy for serious and complex pediatric cardiac surgery[54].

  In surgical cardiac and cancer patients with blood recovery needs, consider the use of leukocyte removal filters alone or in combination with irradiation.

  In a recent systemic revision conducted by Cochrane Database of Systematic Reviews[56] the authors concluded that intraoperative blood recovery is efficient in reducing allogeneic blood transfusion needs in cardiac surgery.

  Figure 4 shows a schematic representation of an intraoperative blood recovery.
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  7 – Additional Strategies

  Another strategy to reduce surgical bleeding consists of continuous infusion of noradrenaline and restrictive hydration. The absolute risk of blood transfusions during hospitalizations had a 28% reduction. The authors also concluded that this procedure is safe, inexpensive and easy to accomplish[57].

   III – Anemia tolerance

  Individual patient anemia tolerance is one of the most important factors in deciding whether to transfuse or not. We do not have in the literature studies demonstrating a minimum hemoglobin trigger to recommend a safe blood transfusion. However, we have numerous randomized clinical trials demonstrating that a restrictive strategy of blood transfusion is safe and efficient in reducing allogeneic blood and does not increase the risk of complications or death in cardiac surgeries in adults[12] and children[58]. Through a recent meta-analysis and systematic review of the literature it was confirmed that a greater tolerance of anemia, a more restrictive approach to transfusion, is actually beneficial to critically ill patients[59].

  Senay et al. [14] observed that a hematocrit of 17% during CABG is well tolerated and does not have an adverse impact on the outcome. Knowledge of this evidence would prevent many unnecessary allogeneic transfusions, since in most cases it is not the patient but the doctor who does not tolerate anemia. Frequently, transfusions are indicated based on laboratory results of hemoglobin and/or hematocrit. This practice is not recommended by Murphy et al. [60] when indications for blood transfusions for cardiac surgeries were considered due to the evidence that hematocrit is not the ideal clinical indicator of tissue oxygen delivery.

  The literature shows that the human being is capable of tolerating extremely low levels of hemoglobin. Graffeo et al. [61] reports a case that, after a severe hemorrhagic event and disseminated intravascular coagulation, reached its nadir minimum hemoglobin level of 1.9 g/dL. In another case, after surgery of severe thoracic-lumbar scoliosis, a patient had also survived without the use of blood transfusion even after reaching a critical hemoglobin level of 1.4 g/dL[62]. In these two cases, anemia tolerance was a therapeutic option that resulted in economy of blood components for blood banks.

  Table 3 shows the main strategies to improve anemia tolerance. They involve at least two fundamental therapies:
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   1 – Optimization of oxygen delivery

  a) Assess tissue perfusion and oxygenation

  Indices of global perfusion: markers of hypoperfusion include oliguria, decreased sensorium, lactic acidosis, base excess or deficit, and tachycardia.

  Indices of regional perfusion: assess the markers of organic functions: myocardial ischemia (abnormalities of ST segment), renal dysfunction (decreased urine output and/or increased levels of urea/creatinine) and central nervous system dysfunction (altered mental status). Observe the evidence in combination with the indices of tissue perfusion/hypoxia[63].

  b) Increase the cardiac output

  Optimize the circulating volume

  Know the patient's cardiac capacity. The mean arterial pressure, cardiac rhythm, respiratory pattern, urinary output and fluid balance should be assessed. Fluid replacement should not be based only on blood pressure or heart rate. It should be individualized, based on physiological parameters that include continuous reevaluation of tissue perfusion and oxygenation as well as hemodynamic function.

  If unsure on the volume status or cardiac output of the anemic patient, perform an appropriate assessment of the patient's clinical condition, for example: evidence of volume, echodopplercardiogram, etc.

  Variations both in the systolic arterial pressure and in the pulse pressure with the ventilatory cycle can indicate volume depletion in the patient on mechanical ventilation. Even during relative hypotension, the microcirculatory blood flow and oxygenation do not always depend on the arterial blood pressure[64].

  Volume expanders without blood

  Crystalloids: the infusion should be three milliliters of crystalloids for each one milliliter of blood lost with an infusion rate of 60-80 ml/kg/hour (preferably Ringer's lactate). The Advanced Trauma Life Support (ATLS) recommends in the case of trauma patient with a 700 ml of blood loss, the patient should receive 2,100 ml of crystalloids. Other solutions may be used: 1) normal saline solution, 2) balanced electrolyte solutions or 3) hypertonic saline solution.

  Colloids (starch and gelatin solutions): dose of one milliliter of colloid for each one milliliter of blood lost, with the maximum recommended dose of 1,500 to 2,000 ml per day.

  Careful and adequate fluid replacement. In the hypovolemic patient, the strategy for volume replacement (duration, rate of administration and the amount) can be more important than the choice of the solution. There is risk of causing more bleeding with excessive hemodilution and by increasing the blood pressure excessively. Careful administration of the volume, with low levels of hemoglobin, can optimize the microvascular flow and oxygenation, as well as increase anemia tolerance[65]. In moderate amounts, crystalloids are not associated with significant side effects, particularly in hemostasis. Crystalloid infusion (Ringer's lactate) has resulted in less blood loss than colloids (Hydroxyethyl Starch) in recent investigation[66].

  Correct hypovolemia, if possible, always with crystalloid. In a systematic revision conducted by Cochrane Database of Systematic Reviews[67] the authors have observed evidence of greater mortality risk with the starch solutions.

  c) Early oxygenotherapy/Oxygen supplementation

  Anemia tolerance can be increased ventilating the patient with a high fraction of inspired oxygen (FiO2). While normovolemia is being maintained, hyperoxic ventilation (100% of oxygen) can be considered a lifesaving therapy in the presence of gross hemorrhage associated with severe acute anemia with the risk of death[62,68]. Ventilation with 100% oxygen results in rapid increase of the arterial oxygen content, assures tissue oxygenation even with very low hemoglobin and shows to be an important strategy in reducing allogeneic transfusion[69].

  For patients with insufficient response to other strategies to improve oxygenation (for example: correction of volume in circulation, vasoactive agents, inotropes), the recommendation is to use sedation and ventilatory support (continuous positive airway pressure [CPAP], intermittent positive pressure [BIPAP]). The faster the tissue oxygen deficiency is detected and corrected, the more probability of better results. Once hypoxemia presents greater immediate risks than oxygen toxicity or hypercapnia, it might be worth the risks involved in supranormal fractions of inspired oxygen to sustain the life of the patient with severe anemia[70].

  The use of hyperbaric oxygen therapy to reach a high arterial tension (PaO2) has the potential to save the life of the patient with severe anemia[71].

  d) Artificial oxygen carriers and polymerized hemoglobin solutions

  Perfluorocarbon and MP4OX (oxygenated polyethylene glycol-modified hemoglobin) still need evidences guaranteeing safety and efficiency, as well as cost-effectiveness.

  2 – Minimization of oxygen consumption

  a) Appropriate analgesia

  b) Sedation and muscle relaxants

  It is recommended to administer the lowest effective dose for the lowest duration of analgesia and sedation. Consider neuromuscular blockade. Decrease oxygen consumption by reducing the metabolic rate and preventing shivering, agitation and anxiety.

  c) Mechanical ventilation

  It can be recommended in severe anemia cases to improve the supply and to reduce the consumption of oxygen by the tissues.

  d) Temperature Control

  Maintain normothermia (actively warm hypothermic patients and cool down febrile patients)[72]. The use of therapeutic cooling in patients with severe anemia in intensive therapy can reduce the need of tissue oxygenation, decrease the metabolic rate and offer cerebral protection in subgroups of patients[73].

   

  DISCUSSION

  Blood transfusion is in essence a transplant of allogeneic cells, consisting of the infusion of foreign antigens in great quantities in the recipient's circulation, resulting in multiple inflammatory and immunological reactions[74]. This is one of the main explanations to the adverse outcomes of this medical practice.

  Centers worldwide are seeking to institute protocols to limit the use of blood and this has become a criterion for high-quality hospital care surveyed by certifying agencies of quality assurance, such as the Joint Commission International[75]. Numerous pathways can be utilized as part of these blood conservation protocols. It is important to raise awareness of the main therapeutic possibilities to transfusions in order to economize the already scarce hemocomponent supply of blood banks. When there is multiprofessional purpose and involvement in managing and conserving autologous blood, complex cardiac surgeries such as cardiac retransplantation can be performed without the use of allogeneic blood[54].

  By applying one or more strategies as described in Tables 1, 2 and 3, allogeneic blood consumption can be decreased. A simple course of action, but fundamentally important, is the diagnosis and treatment of anemia with iron, folic acid and vitamin B12 replacement and, when necessary, r-Hu-EPO. The principal strategies to minimize blood loss involve eliminating multiple daily routine phlebotomies, avoiding or reducing the time of the CPB, meticulous hemostasis, pharmacological hemostasis with tranexamic acid or epsilon aminocaproic acid, use of medications that increase the activity of coagulation factors (desmopressin, r-FVIIa, PCC, Factor XIII), in addition to ANH and intraoperative blood recovery (cell saver). Another important strategy to limit blood consumption is to adopt a restrictive transfusion practice, with a plan of action to improve tissue oxygenation of the anemic patient. These and other strategies are described in Figure 2. The more alternative therapies used, the higher the possibility to treat a patient without the need of transfusions[76]. The benefits are not restricted to the economic sphere, but also to the gravity and incidence of complications, in particular to mortality, related to allogeneic blood transfusions.

  This literature review compiles multiple therapeutic options to reduce the number of transfused patients as well as the amount of blood and its components administered to each patient. Nonetheless, before implementing these methods, it is fundamental to have a desire to change the transfusional attitude, especially in relation to anemia tolerance. Some of the methods are simple and safe and can be easily implemented; others require a carefully orchestrated process. These strategies are not mutually exclusive and the reality of each procedure can guide which plan of action is better and more feasible. A medical center that establishes an autologous blood conservation process can reduce in up to 70% of the number of blood component units infused as well as the number of hemotransfused patients[76]. We encourage a new concept in the transfusional medicine in that, with the least amount of allogeneic blood use in cardiac surgeries, can result in a reduction of the total morbimortality of patients, as well as easing the demand on blood banks. New studies are recommended to evaluate the safety and efficacy of allogeneic blood transfusions.

  One of the main limitations of utilizing some of these options as alternatives to blood transfusions are related to the cost and availability of a determined strategy, such as the intraoperative cell salvage machine, certain medications (r-Hu-TPO, eltrombopag, Factor VIIa, Factor XIII, PCC, HFC) and the learning curve of more refined surgical techniques to avoid bleeding. The retrograde autologous priming technique is also a limited option, due to potential complications of hemodynamic instability resulted from hypovolemia. Another limitation in applying some of these strategies will occur with emergency surgeries. The assessment of the risk-benefit binomial is an important factor to consider in relation to the transfusional and nontransfusional practice. When medical decisions are made by multidisciplinary teams, the treatment potential damage is reduced whether for certain patient subgroups or even for the general population.

   

  CONCLUSION

  There are multiple clinical and surgical strategies with evidence of optimizing the erythrocyte mass and the coagulation status, minimizing blood loss and improving anemia tolerance. Treating anemia and thrombocytopenia, suspending anticoagulants and antiplatelet agents, reducing routine phlebotomies, utilizing less traumatic surgical techniques with moderate hypothermia and hypotension, meticulous hemostasis, use of topical and systemic hemostatic agents, acute normovolemic hemodilution, intraoperative blood recovery, anemia tolerance (supplemental oxygen and normothermia), as well as numerous other therapeutic options have proved to be effective strategies in reducing allogeneic blood transfusions. In order to decrease the consumption of blood components, diminish morbidity and mortality, and reduce hospital costs, these treatment strategies should be incorporated into medical practice worldwide.
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    ABSTRACT

    OBJECTIVE: Anomalous origin of coronary artery is uncommon. The taxonomies of anomalous origin of coronary artery are inconsistent and complex. Conceptual and therapeutic debates remain. The aim of the present study is to reappraise the concept of anomalous origin of coronary artery and to discuss the potential hazards and treatment rationale of this anomaly on basis of literature review.

    METHODS: A comprehensive literature review was made in terms of the taxonomies including "simple", "multiple" and "complex" types of anomalous origin of coronary artery.

    RESULTS: Anomalous origin of coronary artery can be simply categorized according to the ectopically originated coronary artery. There are a couple of complex anatomical variants: "multiple" type, involving more than one coronary artery or branch, which can be subdivided into 2 subtypes, A) more than one coronary arteries or branches arising from one place; and B) two coronary arteries/branches arising from separate ectopic sites; and "complex" type, associated with acquired heart disease, or congenital heart defects.

    CONCLUSION: Sudden cardiac death in anomalous origin of coronary artery is associated with the anatomical features including abnormal coursing, acute angle take-off and ostial abnormalities. Atherosclerosis is prone to be in the right-sided ectopic and retroaortic coursing coronary artery. Surgical treatment is a definitive therapy. Simple coronary artery bypass grafting is not recommended due to the potential hazards of coronary steal phenomenon and poor patency of mammary arterial grafts, and modified maneuvers such as coronary ostial reimplantation, impinged coronary segment unroofing and coronary stent deployment are advocated instead.

    Descriptors: Classification. Coronary Artery Disease. Coronary Vessels. Death, Sudden, Cardiac.

  

   

   

  INTRODUCTION

  Coronary artery anomalies are uncommon but potentially lethal with an incidence of about 1% in patients for coronary angiography[1]. Anomalous origin of coronary artery is a common type of congenital coronary artery anomaly. However, the taxonomies of anomalous origin of coronary artery are inconsistent and complex without any homogeneity in terms of the conceptual extensions. Different classifications of anomalous origin of coronary artery have been proposed by different authors, including single coronary artery, split coronary ostium, absent left main coronary artery, hypoplastic coronary artery, anomalous location of coronary ostia and anomalies of intrinsic coronary arterial anatomy[2]. In addition, distinctions between anomalous origin and normal variant of coronary artery have not been well described[3]. A taxonomy, which elaborates the anomalous origin of coronary artery in detail, is scanty. Moreover, the anomalous origin of coronary artery has significant clinical implications due to its association with myocardial ischemia[4,5], lethal arrhythmia[6] and even sudden cardiac death[7]. In some patients, atherosclerotic coronary artery disease or valvular heart disease can be associated with anomalous origin of coronary artery[8]. Accordingly, this lesion is often called a "malignant" coronary artery anomaly[9]. The clinical implications of anomalous origin of coronary artery in relation to the anatomic features remain to be elaborated. Detailed knowledge of the anatomies of the coronary artery variations would be necessary for the diagnosis and treatment of the underlying heart diseases[10]. The aim of the present study is to reappraise the concept of anomalous origin of coronary artery and to discuss the potential hazards and treatment rationale of this anomaly on basis of literature review.

   

  DEFINITIONS

  The right coronary artery (RCA), left coronary artery (LCA), left anterior descending (LAD) and left circumflex (LCx) arteries are defined as "arteries", while the more distal coronary vessels are defined as "branches"[3]. Moreover, before talking about anomaly, it is necessary to make clear the concepts of "normal" and "normal variants". Normal is defined as a morphologic finding >1%, normal variant is an unusual morphologic finding >1%, and anomaly is a morphologic finding <1% of the general population[11].

  Both LAD and LCx separately originating from the left coronary cusp with an absence of a left main coronary artery (LM) and the conal branch arising from the right coronary cusp are regarded as normal variants[3]. However, a septal branch arising from the aorta is an anomaly[12]. Based on these definitions, some classifications of anomalous origin of coronary artery that involving absence of the left main stem are wrong[13].

  Taxonomies

  There have been many ways of taxonomies of anomalous origin of coronary artery. Firstly, it can be simply categorized according to the ectopically originated coronary artery. Based on large patient population studies, it has been recognized that the LCx is the most common to be ectopically originated followed by single coronary artery, and ectopic LCA, LAD and RCA accounting for 58.3%, 12.5%, 10.4%, 10.4% and 8.5%, respectively[14]. In a total of 23,300 coronary angiograms, the incidence of the anomalous coronary arteries was 0.4%: LCx (46, 47%), RCA (25, 25.5%), LM (10, 10.2%), LAD (3, 3.1%), single coronary arteries (3, 6.1%) and other anomalies (8, 8.2%)[15]. In another series with 24,959 patients with coronary angiograms, 73 (0.3%) had major coronary artery anomalies: 70 (95.9%) had one coronary anomaly and 3 (4.1%) had two coronary anomalies. The most common anomaly involved the LCx (60%), 69% of which arose from a separate ostium in the right coronary sinus and 31% as a branch of the RCA[16].

  The most frequent categorical method is that of the ectopic origin site, which involves ectopic origin of coronary artery from, 1) the aorta, either from a wrong sinus or beyond the sinuses; 2) the pulmonary artery; 3) as a branch of another coronary artery; 4) other arteries; and 5) the ventricular chamber (Table 1). Ectopic aortic origin is the most common type, of which an anomalous origin from a wrong sinus of Valsalva predominates (Figures 1-3)[17,18].
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  There are a couple of complex anatomical variants with regard to the categories of the ectopic origin of coronary artery: "multiple" type, involving more than one coronary artery or branch, which can be subdivided into 2 subtypes: A) more than one coronary artery or branch arising from one place; and B) two coronary arteries/branches arising from separate ectopic sites[19]; and "complex" type, associated with acquired heart disease (coronary artery disease or valve disorder), or congenital heart defects (common or uncommon).

  Clinical Implications

  The most frequent indication for coronary angiography is angina (43.9%)[15]. As a branch of another coronary artery, anomalous origin of LCA from the proximal RCA may cause severe angina even at rest, which can be an indication for coronary artery bypass grafting[20].

  Origin of coronary artery arising from the innominate artery can be the cause of syncope[21] or chest pain in adults[22,23]. Origin of the right coronary artery from the descending thoracic aorta may be associated with atypical and striking elastotic changes and wall thickening of the coronary artery as the underlying pathogenesis of severe consequences[24]. The circulatory symptoms may also derived from ectopic coronary arterial course between the pulmonary trunk and aorta in spite of the lack of the atherosclerotic plaques in the coronary artery[25]. Anomalous origin of coronary artery can be associated with common congenital heart defect[26], or with rare congenital heart defect like cervical aortic arch[27]. Robiseck[28] reported such a case in a 4-year-old boy associated with tetralogy of Fallot which was successfully repaired without any postoperative complications. Anomalous origin of coronary artery from other arteries other than coronary is often associated with more complex congenital heart defects and the treatment is more challenging and the prognosis is poorer[29]. Total anomalous origin of coronary arteries from the pulmonary artery can be isolated or combined with other congenital heart defects. It is often considered a cause of neonatal and infantile death with congenital coronary anomalies as a result of hypoxia due to the insufficient flow to the myocardium under lower pressure. Hoganson et al.[30] reported a neonatal death due to a single coronary artery arising from the pulmonary artery died at 10 day of life. Bharati et al.[31] reported an infant with total anomalous origin of coronary artery from the pulmonary artery associated with hypoplastic left heart syndrome died of congestive heart failure on hospital day 3 in spite of prostaglandin administration. Lloyd et al.[32] reported total anomalous origin of coronary artery from the pulmonary artery was found during the operation for ventricular septal defect and aorticopulmonary septal defect in a 7-week old baby. Finally the baby was failed to be resuscitated from the operation and died. Davis and Lie[33] reported a case of the origin of a single coronary artery arising from the innominate artery (brachiocephalic trunk). Associated cardiovascular malformations were truncus arteriosus and a single ventricle and died 12 hours after birth. Heart failure evidenced by severe pulmonary and hepatic congestion was the probable cause of death. However, when associated with a lesion that may enhance the oxygen content or right heart pressure, a longer survival can be expected.

  Anomalous origin of coronary artery can sometimes be associated with acquired heart disease including coronary artery disease or heart valve disorders. Acute myocardial infarction has been reported in a patient with anomalous origin of coronary artery with diffuse coronary stenotic lesions[18]. Kalyani et al.[34] discovered well-formed atherosclerotic plaques in both the aorta and coronary artery by autopsy in a young male with anomalous origin of RCA as a branch of the LCx. Anomalous origin of RCA as a branch of LAD was reported in a 54-year-old male patient presenting with acute myocardial infarction in the LAD and RCA territories[35]. Concurrent severe stenosis, occlusion and ectasia of coronary artery may present[36]. A 48-year-old man presented with acute myocardial infarction. On aortography, the LAD, LCx and RCA were seen to arise separately from the right coronary sinus and there was a diffuse stenotic lesion in the distal LCx. He was successfully treated with coronary stenting[18]. Coronary artery disease of the RCA in the normal location with two consecutive 95% stenosis in the proximal section was once reported in a patient with anomalous origin of LM from the innominate artery[37]. Modi et al.[38] reported a 62-year-old male patient with RCA originating from the LAD and LCx and severe mitral regurgitation. The patient underwent surgery for reimplantation of the anomalous RCA to an anterior aortic sinus and mitral valve repair by ring annuloplasty with no complications.

   

  PREDISPOSING RISK FACTORS

  Approximately 5% of the patients with acute myocardial infarction do not have atherosclerotic coronary artery disease but have other causes for their luminal narrowing. The nonatherosclerotic narrowing coronary arteries focus on congenital coronary artery anomalies, coronary fistula and high take-off position of coronary ostia[39]. The risk of ischemia is probably exacerbated by the associated anatomical factors, A) flap closure of the slit-like deformation of the coronary ostium; B) acute (non-orthogonal) angle of take-off and kinking of the coronary artery as it exits from the aorta; and C) hypoplasia and/or stenosis of the intramural segment, particularly at the level of the valvar commissure. In addition, cumulative episodes of myocardial ischemia may lead to patchy myocardial necrosis and fibrosis responsible for ventricular arrhythmias[40].

  The blood supply to the first portion of the ventricular septum is provided by 1 or 2 descending septal branches from the anomalous LM when it courses between the aorta and pulmonary trunk. When the anomalous LM courses posteriorly to the aorta, it does not provide any septal branches. In an anomaly as such, the blood supply to the first portion of the septum is usually provided by the descending septal branches originating from the right sinus of Valsalva or from the proximal RCA[41].

  Anomalous origin of LCx from the aorta is generally viewed as a benign coronary arterial anomaly[42]. However, two patients had myocardial infarction in the distribution of the aberrant vessel[42]. The atherosclerotic predilection is evident only in anomalous coronary artery arising from the right side and pursuing a retroaortic course, and the anomalous artery is likely to be responsible for myocardial infarction in patients 60 years or older[43].

  Sudden death (28/49, 57%) and exercise-related death (18/28, 64%) are most common with anomalous origin of LM from the right coronary sinus. Anomalous origin of RCA from the left coronary sinus is also frequently associated with exercise-related sudden death (6/13, 46%). The high risk anatomies responsible for the sudden death are coronary artery segment coursing between the pulmonary artery and aorta[44], acute angle take-off of the left coronary artery[45] and ostial abnormalities including ostial valve-like ridge[46], slit-like orifice[47] and flutebeak-shaped ostium[48]. The anomalous origin of coronary artery may have various degree of left-to-right shunting, which may lead to steal phenomenon worsening myocardial hypoxia and predispose cardiac sudden death[17]. Other predisposing risk factors leading to sudden death are intramural course, interarterial course, vessel spasm and intussusception of the anomalous artery[3]. A 3-6 folds higher sudden cardiac death rate was noted in military and athletes with increased physical activities with anomalous origin of coronary artery than in general population with the lesion[49].

   

  DIAGNOSIS

  The diagnosis of anomalous origin of coronary artery from other arteries can be challenging. Most of the coronary anomalies are asymptomatic and benign but may cause myocardial ischemia and sudden death[50]. Anomalous origin of coronary artery is often associated with a pathophysiologic state of inadequate tissue perfusion and subsequent hypoxia[51].

  Transthoracic echocardiography may offer indirect diagnostic signs like abnormal biphasic flows in the left ventricular outflow tract (LVOT), i.e. , systolic flow from the LVOT and diastolic flow toward the LVOT. The origin of the RCA in the LVOT may be visualized by computed tomographic angiography and by transthoracic echocardiography[52]. Combined coronary angiography and computed tomographic angiography are reliable for the diagnosis of origin of RCA from the left ventricle[53]. Anomalous origin of left coronary artery from the pulmonary artery is a rare congenital anomaly and one of the causes of myocardial ischemia. Due to atypical signs and symptoms in childhood, it can be misdiagnosed as dilated cardiomyopathy[54]. The definitive diagnosis can be reached by multislice computed tomography and coronary angiography[55]. Conventional angiography and magnetic resonance imaging depict the origin and proximal courses of these arteries[56].

  Kim et al.[57] reported during the coronary angiography the LCA could not be catheterized and was thus unable to be demonstrated on right coronary angiography or root aortography in a patient who was eventually diagnosed with anomalous origin of LCA from the innominate artery.

  Management Policies

  The management of anomalous origin of coronary artery remains debating. Surgical treatment is a definitive therapy that is recommended even for asymptomatic patients. Only a few patients were treated medically with no follow-up available. Simple ligation of the coronary system is less traumatic and is the simplest alternative, but the risk of a single ostium coronary system still persists. Some authors suggested a simple coronary artery bypass grafting. However, others  objected due to the potential hazards of coronary steal phenomenon and poor patency of internal mammary arterial bypasses, and modified maneuvers such as coronary ostial reimplantation, impinged coronary segment unroofing and coronary stent deployment were advocated[58].

  It was therefore concluded that internal mammary arterial bypass is not an appropriate approach for this lesion[59]. In some cases, reimplantation was tried initially but could not be performed due to the fragility of the anomalous  coronary artery. As a result, the patients required ligation of the anomalous coronary artery. Heart valve repair or replacement is recommended at the time of coronary surgery for those who are associated with an acquired heart valve disorder. Although successful reimplantation of the anomalous coronary artery to the aorta, persistent symptoms and myocardial ischemia may still be present in some patients. Due to the debates of outcomes and limited information of long-term follow-up, large series of patients for the evaluations of their ventricular function and the patency of the reimplanted vessel are necessary.

   

  CONCLUSION

  Sudden cardiac death in anomalous origin of coronary artery is associated with the anatomical features including abnormal coursing, acute angle take-off and ostial abnormalities. Atherosclerosis is prone to be in the right-sided ectopic and retroaortic coursing coronary artery. Surgical treatment is a definitive therapy. Simple coronary artery bypass grafting is not recommended due to the potential hazards of coronary steal phenomenon and poor patency of the internal mammary arterial grafts, and modified maneuvers such as coronary ostial reimplantation, impinged coronary segment unroofing and coronary stent deployment are advocated instead.
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    ABSTRACT

    OBJECTIVE: The present study is to describe the clinical impact of S100 and S100ß for the evaluation of cerebral damage in cardiac surgery with or without the use of cardiopulmonary bypass (CPB).

    METHODS: Quantitative results of S100 and S100ß reported in the literature of the year range 1990-2014 were collected, screened and analyzed.

    RESULTS: Cerebrospinal fluid and serum S100 levels showed a same trend reaching a peak at the end of CPB. The cerebrospinal fluid/serum S100 ratio decreased during CPB, reached a nadir at 6 h after CPB and then increased and kept high untill 24 h after CPB. Serum S100 at the end of CPB was much higher in infant than in adults, and in on-pump than in off-pump coronary artery bypass patients. ΔS100 increased with age and CPB time but lack of statistical significances. Patients receiving an aorta replacement had a much higher ΔS100 than those receiving a congenital heart defect repair. Serum S100ß reached a peak at the end of CPB, whereas cerebrospinal fluid S100 continued to increase and reached a peak at 6 h after CPB. The cerebrospinal fluid/serum S100ß ratio decreased during CPB, increased at the end of CPB, peaked 1 h after CPB, and then decreased abruptly. The increase of serum S100ß at the end of CPB was associated with type of operation, younger age, lower core temperature and cerebral damages. ΔS100ß displayed a decreasing trend with age, type of operation, shortening of CPB duration, increasing core temperature, lessening severity of cerebral damage and the application of intervenes. Linear correlation analysis revealed that serum S100ß concentration at the end of CPB correlated closely with CPB duration.

    CONCLUSION: S100 and S100ß in cerebrospinal fluid can be more accurate than in the serum for the evaluations of cerebral damage in cardiac surgery. However, cerebrospinal fluid biopsies are limited. But serum S100ß and ΔS100ß seem to be more sensitive than serum S100 and ΔS100. The cerebral damage in cardiac surgery might be associated with younger age, lower core temperature and longer CPB duration during the operation. Effective intervenes with modified CPB circuit filters or oxygenators and supplemented anesthetic agents or priming components may alleviate the cerebral damage.

    Descriptors: Cardiopulmonary Bypass. Cerebrospinal Fluid. Circulatory Arrest, Deep Hypothermia Induced. S100 Proteins.

  

   

   

  INTRODUCTION

  S100 protein family members with a molecular mass of 10-12 kDa are acidic proteins characterized by their calcium-dependent biological effects[1]. It is expressed in different tissues, but shows brain tissue specific, and therefore implicated in cerebral damage. They may form into homodimers, heterodimers and even oligomers based on a calcium-dependent conformational change[1]. Most S100 proteins have a low binding affinity for calcium, which increase dramatically to control a cellular activity in the presence of a target[2]. This protein family represents the largest subgroup within the superfamily of EF-hand Ca2+ binding proteins. Ca2+ binding to the first EF-hand (helix I, loop and helix II) is weaker than binding to the second EF-hand (helices III and IV)[3]. S100ß, a 10.7 kDa protein, is a member of S100 protein family. It is highly expressed in astrocytes and is one of the most abundant soluble proteins in human brain, constituting 0.5% of them. S100ß functions as both an intracellular Ca2+ receptor and an extracellular neuropeptide by way of the receptor for advanced glycation end-products, a main transducer of extracellular functions of this protein[1]. S100ß is displayed as a homodimer with a high binding affinity under all biological circumstances while the monomers are absent[1].

  Blood-brain barrier dysfunction secondary to cerebral damages may expedite the release of these cerebral specific proteins from the astroglial or Schwann cells into cerebrospinal fluid (CSF) and blood circulation[4,5]. During cardiac operations, neurological disorders may occur and are believed to be the results of thromboembolism (embolism is not always caused by a thrombus, but can be air embolism, calcium embolism or detachment of atheromatous plaques from the aorta at the time of cannulation or decannulation) and systemic inflammatory reactions[6]. S100 and S100ß have been reliable serum markers of cerebral damage due to breakdown of the blood-brain barrier caused by head trauma, anoxia, ischemia, neoplasm and cardiac surgery[7]. Both hypo- and hypertension may also cause cerebral damage by impairment of cerebral autoregulation[8]. S100 and S100ß proteins leak from structurally damaged neurocytes into CSF and then across the blood-brain barrier. S100ß protein increases 50~100-fold after cardiac operation with cardiopulmonary bypass (CPB), supporting links between CPB, microembolization and cerebral damage[9] and indicating postoperative adverse neurologic outcomes[10]. However, debates remain with regard to the accuracy of the results during and early after the operation as well as the correlations between the expression of the proteins and the surgical conditions. In order to highlight these aspects, a comprehensive review is made based on quantitative data reported in the literature.

   

  METHODS

  Literature Retrieval

  A literature search for English articles published from 1990 to 2012 concerning S100 and S100ß in relation to cardiovascular surgery in PubMed, Highwire Press and Google search engine yielded totally 69 publications[8-73]. The search terms included "S100", "S100ß(B)", "cardiopulmonary bypass" "off-pump coronary artery bypass", "circulatory arrest, induced", "profound hypothermic circulatory arrest", "cardiac surgery", "congenital heart defects", "heart valves", "coronary artery bypass grafting", "aortic surgery" and "cardiac surgical procedures". Quantitative data of S100 and S100ß measured in the unit of µg/L were screened, collected and analyzed. Articles or patient cohorts reported in articles with no quantitative data were excluded from this study.

  Sampling

  Sampling times were before operation (baseline) (T0), during CPB (T1), at the end of CPB (T2), 1, 4, 6, 12, 24, 48, and 72 h after operation (T3-9).

  Indicators

  The indicators of evaluating the cerebral damage included dynamics of CSF and serum S100(ß), ΔS100(ß), i.e., the difference between peak and baseline S100(ß)[14] and CSF/serum S100(ß) ratios.

  Subgroups

  1) Age: There were 4 age subgroups: neonate, infant, child and adult;

  2) Operation: The operations were classified as aorta, valve, congenital heart defect, coronary artery bypass grafting (CABG) and off-pump coronary artery bypass (OPCAB);

  3) CPB duration: There were 2 subgroups based on whether the CPB duration was >100 minutes;

  4) Core temperature: There were 3 subgroups according to core temperatures during CPB: deep hypothermia, mild and moderate hypothermia and normothermia;

  5) Cerebral damage: The patients with cerebral damage were divided into either functional (confusion, agitation, disorientation, or epileptic seizures) or organic (stroke, stupor,  or coma) subgroups. Those without cerebral damage were defined as control; and,

  6) Intervene: Patients with utilizations of modified CPB circuit and oxygenators[25,26,60,72], cell saving reservoir[33], anesthetic agents and priming components (propofol[53], isoflurane[64], hydroxyethyl[46] and starch[42]) during the operation aiming at lessening the cerebral damage were defined as the Intervene Subgroup. Those without intervenes were defined as control.

  Statistical analysis

  Data were expressed as mean±standard deviation. Comparisons between groups were conducted with unpaired t-test, and linear correlations were assessed between independent and dependent variables. P<0.05 was considered statistically significant.

   

  RESULTS

  Patient information

  The 69 articles reported the quantitative results of S100(ß) of 4439 patients: 20 (29.0%) on serum S100[8-30], 45 (65.2%) on serum S100ß[31-73], 2 (2.9%) on serum and CSF S100[74,75], 1 (1.4%) on serum and CSF S100ß[76] and 1 (1.4%) on CSF S100ß[77]. The 2 articles reporting CSF S100 comprised 22 patients with 15 males and 6 females with a median age of 63 years. All received a thoracic aorta operation with postoperative spinal cord injury in 2 (9.1%) patients; and the 2 articles reporting CSF S100ß included 49 patients with 28 males and 23 females (gender of 8 patients was unidentified) with a median age of 64 years. All received a thoracic aorta operation with postoperative spinal cord injury in 10 (20.4%) patients. The demographics of the patients with serum S100(ß) detections were listed in Table 1.
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  Assays

  Immunoradiometry, immunoluminometry and immunofluorometry were the 3 main assays used for the detection of the biomarkers (Table 1).

  Biomarkers

  CSF and serum S100 levels showed a same trend during the early observational stage before T5, increased at T1, reaching a peak at T2 and then gradually decreased. After T5, CSF S100-serum S100 separation phenomenon was seen. The CSF/serum S100 ratio decreased from T1, reached a nadir at T5 and then increased and kept high till T7 (Figure 1).
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  Serum S100 at T3 was much higher in infant than in adults (2.4±1.2 µg/L vs. 0.9±1.0 µg/L, P=0.034) and in CABG patients than in OPCAB patients (2.8±2.4 µg/L vs. 0.8±0.6 µg/L, P=0.010). Patients with a CPB time >100 min had a higher serum S100 level at T2 than those with a CPB time <100 min, but lack of a statistical significance, however, significant reductions were noted at T7 in comparison to T2 in both subgroups (CPB >100 min: 3.3±2.3 µg/L vs. 0.6±0.6 µg/L, P=0.005; CPB duration <100 min: 2.1±2.3 µg/L vs. 0.3±0.2 µg/L, P=0.016). Deep hypothermia circulatory arrest was associated with much higher serum S100 at T2 than mild-moderate hypothermia and normothermia patients, and mild-moderate hypothermia with higher serum S100 than normothermia. No difference in the serum S100 levels was noted between patients with cerebral damage in particular stroke and those without. Intervenes with CPB filter, oxygenator, or anesthetic agents led to significant decreased serum S100 at T2 and T7 (Figure 2).
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  ΔS100 could be calculated in 25 series of patients in whom at least a baseline and a peak value were reported. The peaks were at T1 in 5 (20%), T2 in 16 (64%) and T3 in 4 (16%) patient cohorts, respectively (χ2=7.5, P=0.023). ΔS100 increased with age and CPB time but lack of statistical significances. Patients receiving an aorta replacement had a much higher ΔS100 than those receiving a congenital heart defect repair, in line with the increasing trend with age. No difference was found in ΔS100 between deep hypothermia and mild-moderate hypothermia patients or between the organic cerebral damage and control patients. Intervenes led to a decrease of ΔS100 in comparison to non-intervene patients but no significance was found (Figure 3).
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  CSF and serum S100ß levels started to increase at T1, but separation was noted since T2. Serum S100ß reached a peak at T2, whereas CSF S100ß continued to increase and reach a peak at T5. Both recovered to normal at T7. The CSF/serum S100ß ratio decreased at T1, increased at T2, peaked at T3 and then decreased abruptly (Figure 4).
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  Serum S100ß at T2 showed a successive decrease in the operation subgroups in a sequence of aorta, valve, congenital, CABG and OPCAB operations. Patients with organic and functional cerebral damages showed higher S100ß levels at T2 than those without. Infant showed a little bit higher serum S100ß than adults, patients with CPB duration >100 min showed higher serum S100ß than those with CPB duration <100 min, deep hypothermia and mild-moderate hypothermia were associated with higher serum S100ß than normothermia, and intervene led to reduced serum S100ß other than non-intervene, but no significances were found (Figure 5).
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  ΔS100ß could be calculated in 51 series of patients. The peak values were present at T1 in 5 (9.8%), T2 in 36 (70.6%) and T3 in 10 (19.6%) patient cohorts, respectively (χ2=48.9, P=0.000): ΔS100ß displayed a decreasing trend with age, surgical operations (from aorta, valve, congenital, CABG to OPCAB), shortening of CPB duration, increasing core temperature, lessening severity of cerebral damage and the application of intervenes. Significant differences were present in age, surgical operation, core temperature and cerebral damage subgroups (Figure 6).
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  Linear correlation analysis did not reveal any significant correlation between serum S100 concentration at T2 and CPB, crossclamp time and core temperature (Figure 7). However, serum S100ß concentration at T2 correlated closely with CPB duration (Figure 8).
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  DISCUSSION

  Detectable concentrations of S100 were found 20 min after CPB[13]. On the operative day, CSF S100 levels increased with time for patients with spinal cord injury; whereas there was a non-specific increase of serum S100. In patients with spinal cord injury, CSF S100 was increased at 6 h after crossclamp removal[74].

  Serum S100 reached the peak values at the end of CPB and decreased on postoperative day (POD) 1[11]. At the end of the operation, S100 decreased rapidly and progressively but remained significantly higher on POD 2[12]. S100 peaked 20 min after the start of CPB, being significantly higher than the baseline value[12] . Serum S100ß increased during CPB, peaked at the late phase of CPB[78], recovered to normal at 36 h after the operation[8] untill POD 6[32]. S100ß significantly increased  24 h after total circulatory arrest[79].

  In studies showing a correlation between neurological deficit and elevated S100ß protein level after ischemic cerebral infarction, the blood level of S100ß protein consistently peaked on day 2 to 3 after the clinical event[80-82].

  The release of S100ß from adipose tissue with surgery would be more extensive with more complex and longer operations. These patients are at a higher risk of cerebral damage  and this confounding effect may explain the correlations between early rise in S100ß and neurological injury. In stroke, an elevation of S100ß correlates with the amount of the damaged brain tissue. Poor neurological outcome is related to S100ß levels. The peak levels of S100ß occur on day 3 following the stroke[83]. S100ß as an indicator of cerebral injury, however, is uncertain how autotransfusion of S100ß from extracerebral sources is like. There is good evidence to show that autologous blood recorery through cardiotomy suckers results in significantly higher serum levels of S100ß[84].

  Some authors have determined that shed mediastinal blood collected during surgery by cardiotomy suction contained high levels of S100ß as well as chest tube blood used for autotransfusion after surgery. Therefore, early elevated serum S100ß levels immediately after cardiac operations may have been contaminated by extracerebral sources of S100ß[33]. Comparing the patients with retrograde cerebral perfusion with non-retrograde cerebral perfusion groups, the mean serum S100ß levels are 0.09 and 0.09 mg/L, preoperatively, 3.8 and 4.2 mg/L 30 minutes after CPB, and 0.82 and 0.53 mg/L on POD 1[52]. S100ß levels early after CPB are increased because of release from adipose tissue or thymus into cardiotomy suction. This masks neurally released S100ß. High levels of S100ß have been found in pleural drainage following thoracotomy, and in surgical wounds, mediastinal fat and skeletal muscle[85]. Neonates and infants had reduced S100ß at 24 h after surgery than before surgery. However, this finding may reflect dilution of the protein in serum from postoperative blood, colloid and crystalloid infusions in small babies[36]. The increases of S100ß in the early phase after cardiac surgery are not due to release of S100ß from brain alone but also from tissue outside the brain[86]. Therefore, S100ß protein is a nonspecific marker of tissue injury as glial fibrillary acidic protein might serve as a specific marker of cerebral damage after cardiac surgery[86]. Cerebral damage following cardiac surgery cannot be differentiated from cardiac or other tissue damage by measurement of S100ß levels until the initial elevation of S100ß due to non-brain tissue damage has declined, which does not occur for at least 24 h after surgery[86].

  It has been reported that S100 correlated significantly with age, body surface area, nasopharyngeal temperature and PaCO2 in infants and children[14]. However, it could be the result of dilution of the protein in serum from infusions of fluid and blood products[36]. Both older age and prolonged CPB duration correlated with levels of S100 protein at T0, but the correlation was weak for both variables[19]. Serum S100 values at the end of CPB and POD 1 significantly correlated with CPB time[11]. The duration of absent cerebral perfusion time (duration of circulatory arrest minus retrograde cerebral perfusion) correlated well with S100 on POD 1[11].

  In adults, S100 on POD 1 correlated with duration of circulatory arrest[11], and peak S100ß correlated with CPB time[32]. S100ß on POD 1 correlated with duration of absent cerebral perfusion time[11]. S100ß concentration at 5 h and 24 h correlated significantly with the duration of total circulatory arrest[35] and S100ß at 5 h negatively correlated with core temperature[35]. S100ß also correlated with the total embolus count at the arterial line[78], CPB time[57] and intubation duration[30]. In roller pump group, peak S100ß correlated with crossclamp time[34]. Ashraf et al.[34] reported S100ß did not correlate with duration of CPB time. Johnsson[87] reported no relationship between serum S100ß at 24 h after surgery and CPB duration, crossclamp time, or use of hypothermic circulatory arrest, and it did not correlate with 30-day surgical mortality.

  Pulsatile flow lowers cerebral destruction than laminar flow[50]. S100 was nonsignificantly higher in cold than in warm CPB patients[63].The S100ß rise was significantly less in patients administered sevoflurane in comparison to total intravenous anesthesia[64]. CPB with covalent bonded heparin attached to the CPB circuit in combination with a reduced systemic heparin dose seemed to reduce the operative stroke[88].

  The S100 level was elevated at the end of operation but returned toward normal at 5 h. A secondary increase in S100 protein level coincided with the clinical presentation of stroke on the day after the operation[27]. The peak values of S100ß were higher in died patients than in the survived[10]. Taggart et al.[27] reported 21 of 43 patients had an elevated serum S100ß value 4 h after the operation and none of the patients had neurological symptoms, and S100ß reached a peak value on PODs 2-3 in stroke patients[10]. Patient with cerebral infarction showed slightly increased S100ß during operation but decreased to normal concentration on POD 1. In patients with temporary left-side hemiplegia lasting 24 h after the operation, S100ß protein increased and reached its peak after aortic crossclamp removal, but decreased to a normal concentration on POD 1 while still hemiplegic. In patients with a conscious disturbance lasting 24 h, S100ß level was indistinguishable from the patients without neurological complications. There was a weak but significant correlation between peak concentrations of S100ß protein and aortic crossclamp time in the CPB group[47]. The patient with the highest S100 values at the end of CPB and on POD 1 presented postoperative stroke[11]. Permanent cerebral damage was associated with much higher serum S100 than transient[89]. However, the appropriate time to measure S100ß after CABG for prognostic value has not been established but is probably 5 h after surgery[24].

  In the hypothermic circulatory arrest group, CPB time correlated with peak S100. Peak S100ß levels occurred in both the CABG and hypothermia circulatory arrest groups at the end of CPB. After 24 h, the S100ß levels returned to normal in the CABG patients but were still elevated in all cases in the hypothermia circulatory arrest group. CPB patients may face major treatment-related cognitive performance decline. Persistently high levels of neuron-specific enolase might be a useful biomarker to identify patients with cognitive performance deficits at discharge; while no significant correlation between S100ß levels and impaired cognitive function have been found[90]. High-dose propofol triggered short-term neuroprotection and long-term neurodegeneration in neuronal cultures from rat embryos[91]. A high dose of propofol (with plasma concentrations of 3.2 mg/mL) may offer advantages over a low dose of propofol (with plasma concentrations of 1.8 mg/mL) for brain protection during CPB[53]. Previous studies have shown that OPCAB is better than conventional CABG by decreasing the release of S100ß protein. Consequently, the pattern of S100ß release at different stages of OPCAB procedures has become a valuable indicator of the early detection of neuronal clinical and subclinical injury[36,92].

  The present study revealed that CSF and serum S100 and S100ß began to increase during CPB, peaked at the end of CPB for each indicator. However, CSF 100 showed a second peak at T7, and CSF S100ß continued to be high until T4 and then gradually reduced. The results may indicate that S100 and S100ß concentrations in the CSF are more sensitive than in the serum for indicating cerebral damage during cardiac surgery. CSF/serum S100 and S100ß ratios may reflect the cerebral damage more accurately with a CSF-serum separation showing a sustained S100(ß) release from the damaged brain tissues. The separation trends displayed from T5 for S100, and between T2 and T7 for S100ß, respectively. This may hint that physiological and hemodynamic properties of the two proteins can be different and therefore showing distinct metabolic features after cardiac surgery. Intra-subgroup comparisons of serum S100(ß) at T3 and T7 showed younger age, OPCAB, normothermia and positive intervene and even shorter CPB duration may reduce significantly the release of S100 and S100ß. Serum ΔS100 and ΔS100ß may also illustrate the severity of the cerebral damage during the operation. ΔS100, the difference between peak S100 and baseline S100, was reported to be 0.88 (0.48-3.23) in overall, 0.29 (0.18-0.44) in neonates and 1.1 (0.48-3.23) in infants[14]. In line with the results of serum S100(ß) at T3 and T7, the study showed discrepancy of ΔS100 between aorta and congenital heart defect operations as well as extensive discrepancies of ΔS100ß within age, operation, core temperature and cerebral damage subgroups. Despite the possible influence by the blood recovery transfusion, the indicators may still reflect the cerebral damage during cardiac surgery. In general, the release of S100 and S100ß may correlate with age, operative method, CPB duration, core temperature and the application of intervenes during the operation. CSF S100(ß) may be more reliable than serum S100(ß), however, too aggressive drainage of CSF carries the risk of cerebral hernia and subdural hemorrhage[93].

   

  CONCLUSION

  S100 and S100ß in CSF can be more accurate than in the serum for the evaluations of cerebral damage in cardiac surgery. However, CSF biopsies are limited. But serum S100ß and ΔS100ß seems to be more sensitive than serum S100 and ΔS100. The cerebral damage in cardiac surgery might be associated with younger age, lower core temperature and longer CPB duration during the operation. Effective intervenes with modified CPB circuit filters or oxygenators and supplemented anesthetic agents or priming components may alleviate the cerebral damage.
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    ABSTRACT

    Aneurysm of the descending aorta associated with CoA is an extremely rare congenital abnormality. In this report, we present a 16 months old female patient in whom cardiac catheterization had been performed which had revealed a segment of coarctation and saccular aneurysm in the descending aorta. The patient was operated and a 3x2 centimeters aneurysm which embraces the coarcted segment in descending aorta was resected. In summary, we present a case of saccular aortic aneurysm distal to aortic coarctation in an infant without any history of intervention or vascular inflammatory disease. Our case report seems to be the youngest patient in literature with this pathology.

    Descriptors: Aortic Aneurysm, Thoracic. Aortic Coarctation. Infant.

  

   

   

  INTRODUCTION

  Coarctation of the aorta (CoA) is defined as the hemodynamically significant narrowing of the descending thoracic aorta, usually just distal to the left subclavian artery where the ligamentum arteriosum originates[1]. CoA accounts for 6.5% of all congenital heart defects[2]. CoA is usually classified into three categories: I.Isolated CoA, II. CoA with ventricular septal defect (VSD) and III. CoA with complex cardiac anomalies[3]. Aneurysm of the descending aorta associated with CoA is an extremely rare congenital abnormality. In this report, we present the youngest patient per our literature search with CoA and saccular descending aortic aneurysm.

   

  

  CASE PRESENTATION

  A 16 months old female patient was admitted to our clinic with diagnosis of aortic coarctation and descending aortic aneurysm. She presented with poor feeding and failure to thrive (body weight: 8 kg). The prenatal and postnatal history was unremarkable; any umbilical vascular catheterization was not performed. Physical examination revealed 80 mmHg systolic pressure difference between upper and lower extremities. Femoral pulses were weak but palpable. There was a systolic murmur (3/6) at the left sternal border which was also heard at the interscapular area. The leukocyte count, C-reactive protein level and erythrocyte sedimentation rate were all within normal limits. The patient had been admitted to another clinic a few months ago and transthoracic echocardiography had demonstrated aortic coarctation with 60mmHg peak systolic gradient. Any intracardiac pathology had not been encountered. Cardiac catheterization had been performed in order to confirm the diagnosis and perform a balloon angioplasty if possible; however the catheterization had revealed a segment of coarctation and saccular aneurysm in the descending aorta (Figure 1). Therefore, the patient was referred to our clinic for surgical repair.

  
    

    [image: Fig. 1 - Coarctation and saccular aneurysm formation]

  

  The patient was operated under general anesthesia and a left posterolateral thoracotomy was performed at the 4th intercostal space. A 3x2 cm aneurysm which embraces the coarcted segment in descending aorta was encountered (Figure 1). Descending aorta was mobilized, resection and end-to-end anastomosis was performed with 6/0 polyprolene suture. The sutures were continuous at the posterior wall, whereas they were interrupted at the anterior wall of the anastomosis, in order to provide potential for growth. Residual gradient was less than 5 mmHg. The resected specimen was examined by the pathology department. Gross and microscopic cross sectional examination of the coarctation area revealed the segments of both coarctation and aneurysm formation. Basophilic degeneration and vacuole formation were remarkable (Figure 2). The postoperative period was uneventful and the patient was discharged at the sixth postoperative day without any complication. At the sixth postoperative month, a second intervention was performed because of recoarctation. The MR angiography revealed a recoarctation at the descending aorta, in which balloon dilatation was performed with a residual gradient of 25 mmHg (Figure 3). The patient is followed up by echocardiographic evaluations with regular intervals.
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    [image: Fig. 3 - MR angiography revealing the recoarctation at the descending aorta]

  

   

  DISCUSSION

  Surgical repair of CoA mostly depends on the accompanying cardiac anomalies in the patient. The main treatment target is providing a non stenotic aortic continuity with efforts to enhance the growth potential of the native vascular tissues, with or without the repositioning of the left subclavian artery[4]. Although rarely seen, aortic wall pathology such as aneurysm formation, aortic dissection and rupture are mainly the presenting symptoms of adult CoA. When pediatric age group is concerned, the saccular aortic aneurysms distal to coarcted segment are very rare and data about these patients are only confined to limited case reports[5]. Our case report seems to be the youngest patient in literature with this pathology. In such cases, recoarctation may be encountered in the follow up which may be managed by percutaneous balloon dilatation as presented in our case. Extensive mobilization of the aorta and its branches with a meticulous surgical technique is mandatory in order to reduce the tension at the anastomosis site.

  In summary, we present a case of saccular aortic aneurysm distal to aortic coarctation in an infant without any history of intervention or vascular inflammatory disease. We speculate that localized weakness of the aortic wall may be responsible for aneurysm formation, since basophilic degeneration and vacuole formation were remarkable at the transition zone between the coarcted and aneurysmatic segments under microscope.
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    ABSTRACT

    OBJECTIVE: To present a surgical variant technique to repair  left ventricular aneurysms.

    METHODS: After anesthesia, cardiopulmonary bypass, and myocardial protection with hyperkalemic tepic blood cardioplegia: 1) The left ventricle is opened through the infarct and  an endocardial encircling suture is placed at the transitional zone between the scarred and normal tissue; 2) Next, the scar tissue is circumferentially plicated with deep stitches using the same suture thread, taking care to eliminate the entire septal scar; 3) Then, a second encircling suture is placed, completing the occlusion of the aneurysm, and; 4) Finally, the remaining scar tissue is oversewn with an invaginating suture, to ensure hemostasis. Myocardium revascularization is performed after correction of the left ventricle aneurysm. The same surgeon performed all the operations.

    RESULTS: Regarding the post-surgical outcome 4 patients (40%) had surgery 8 eight years ago, 2 patients (20%) were operated on over 6 years ago, and 1 patient (10%) was operated on more than 5 years ago. Three patients (30%) were in functional class I, class II in 2 patients (20%) and 2 patients (20%) with severe comorbidities remains in class III of the NYHA. There were three deaths (at four days, 15 days and eight months) in septuagenarians with acute myocardial infarction, diabetes and pulmonary emphysema.

    CONCLUSION: The technique is easy to perform, safe and it can be an option for the correction of left ventricle aneurysms.

    Descriptors: Left ventricle aneurysm. Left ventricle aneurysmectomy. Ischemic heart disease. Thoracic surgery.

  

   

   

  INTRODUCTION

  According Donst in a paper published in Heart Failure Review Surgical, "Reconstruction of physiological shape and size of a postischemically remodeled left ventricle has been advocated to improve ventricular function and improve patient long-term outcome. What initially started as linear aneurysm resection surgery developed over the years into the endoventricular repair techniques that have also been applied in patients with postischemically dilated ventricles and mainly anterior akinesia"[1].

  In 1985, while describing the circular endoventricular suture, in the transition zone between the scared tissue and the viable myocardium, Jatene [2] introduced the concept of "anatomical reconstruction of the left ventricle". Dor et al.[3] described the use of the endoventricular suture to rebuild a failing ventricle with an endoventricular patch after extended endocardectomy for ventricular tachycardia. The concept of excluding all the diseased tissue from the cavity, especially the septum, is the basis of the good results[4]. Afterwards, in 2001, Caldeira & McCarthy described a technique for a "no-patch" repair of left anterior descending aneurysms[5].

  The aim of this paper is to present an option of "no-patch" variant technique to treat left ventricular aneurysms, without arguing whether there is a significant difference from others' techniques or that it is measurably better. The proposed variant technique was previously published[6], emphasizing that Gomes et al.[7,8] reported a variant technique that eliminates the use of synthetic materials for left ventricle reconstruction.

   

  METHODS

  From July 2005 to March 2014, 10 consecutive patients (65.2±8.2 years-old) with ischemic heart disease underwent the aneurysmectomy surgery described herein. Five patients were male (50%), and five were female (50%). The follow-up period was completed in 2014 by means of office visits. Follow-up consisted of obtaining information about the functional class of congestive heart failure (New York Heart Association [NYHA]), angina (Canadian Cardiovascular Society [CCS]), and nonroutine control echocardiograms. All patients were clinically treated and free of angina and presented severe congestive heart failure (Class IV/NYHA). The surgeries were performed under cardiopulmonary bypass, aortic cross-clamping and anterograde hyperkalemic tepid blood cardioplegia.

  Technique

  After general balanced anesthesia, cardiopulmonary bypass and blood cardioplegia: 1) The left ventricle is opened through the infarcted area, and an endocardial encircling suture is placed at the transitional zone between the scarred and normal tissue (Figure 1A); 2) In the next step, the scar tissue is circumferentially plicated with deep stitches using the same suture thread (Figure 1B); 3) Then, a second encircling suture is placed, completing occlusion of the the aneurysm, taking care to eliminate the entire septal scar (Figure 1C), and; 4) Finally, the remaining scar tissue is oversewn with an invaginating suture, to ensure hemostasis (Figure 1D). Myocardial revascularizations were performed after the left ventricle reconstruction. The same surgeon carried out all operations.
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  RESULTS

  In seven patients (70%), thrombi were found in the cavities of ventricular aneurysms. Besides the left ventricular aneurysmectomy, nine patients (90%) underwent coronary artery bypass grafting, and one patient (10%) underwent coronary artery bypass grafting as well as mitral valve replacement (Table 1). In nine patients, (90%) mechanical circulatory support with intra-aortic balloon pump was used in the first 12 hours postoperatively.
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  Regarding the post-surgical outcome, four patients (40%) had surgery over eight years ago, two patients (20%) were operated on over six years ago, and one patient (10%) was operated on more than five years ago. Three patients (30%) were in functional class I, class II in 2 patients (20%) and 2 patients (20%) with severe comorbidities remains in class III of the NYHA. There were three deaths (at our days, 15 days and eight months) in septuagenarians with, acute myocardial infarction, diabetes and pulmonary emphysema (Table 1).

  Just for illustration purposes, echocardiographic data of five patients operated on more than five years ago is shown (Table 2), in addiction to echocardiogram imaging showing the preserved shape of the left ventricle (Figure 2). These data correspond to two years after the reconstruction.
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  DISCUSSION

  Dor was the first surgeon to demonstrate that the endoventricular patch plasty repair could be applied not only to left ventricular (LV) aneurysm, but also to a dilated akinetic ischemic LV. He emphasized the concept of reducing the LV size and reconstructing a more elliptical cavity, treating the dilatation in all its components (anterior, apical and septal). The concept of excluding all the diseased tissue from the cavity, especially the septum, is the basis of the good results[4].

  The present surgical technique is quite similar to that which was described by the Caldeira & McCarthy[5] technical report (no patch and two encircling sutures), retaining the Jatene "geometric preservation" principle and the "endoventricular suture and scar tissue exclusion" Dor principle. The technique details include: a) The entire operation is performed using a single suture tied after the two encircling stitches adjustments and at the final external suture; b) Before the second encircling "purse-string", circular plication of the scar tissue is carried out, and; c) The final closure is completed by an invaginating suture that ensures improved hemostasis. Finally, it is emphasized that the no-patch surgical strategy has the indirect advantage of saving time since the stitches are performed in a continuous manner.
  
  The surgical technique can also be considered a variant of the one proposed by Gomes et al.[7,8] that also reported the unnecessary use of synthetic materials. This technique, with the elimination of prosthetic materials, virtually eliminates left ventricle akinetic areas and potentially attenuates chronic inflammatory reaction.

  Based on superbly written opinion, Doenst[1] theorized that left surgical ventricular reconstruction (SVR) approaches are "a matter of perspective". According to the German author, the STICH trial (Surgical Treatment for IsChemic Heart failure) presented rather sobering information with its Hypothesis 2 outcome by demonstrating identical 5-year survival rates between SVR plus bypass grafting (CABG) and CABG alone. SVR also did not improve quality of life. This neutral finding spawned a series of critical responses with respect to trial design and conduct accompanied by appropriate responses by the trial's leadership. At the end of this dispute, it appears that SVR has been accepted as not very useful for most patients and is less and less performed in daily practice. However, though SVR may be of low value for patients with dilated and massively remodeled ventricles, the surgery still bears therapeutic potential for some patients, for different reasons, so that the surgeon's ability to perform this operation should not bet lost[1].

  It is relevant to mention that there are, beside experiences around the world, convincing Brazilian experiences for ventricular reconstruction: 1) Direct suture[9]; 2) Modification of the Cooley technique with patch suture[10]; 3) Dor patch plasty with septal exclusion[11-13]; 4) Jatene geometric reconstruction with semi-rigid bovine pericardial prosthesis[14-17]; and 5) Attempts to compare different techniques without definitive proof of superiority among them[18,19]. However, from the point of view of safety and reduction of surgical time, the "no patch" surgical variants techniques would be useful for the decision whether to operate left ventricular aneurysm or akinesia.

   

  CONCLUSION

  In conclusion, it is important to keep in mind that the data of this small number of patients who underwent the "no patch" left ventricle reconstruction variant was presented only to attest that the surgical technique is viable and safe. However, even considering these reasonable results, it remains hard to argue that this is a significant difference from other techniques. Moreover, one must take into account that surgical repair of aneurysms of the left ventricle is not the same for all patients since there are aneurysms with and without contractile lap, or even without lap, both accompanied by mitral regurgitation due to remodeling, consequent to the formation of ventricular aneurysm after acute myocardial infarction.
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    ABSTRACT

    INTRODUCTION: The transcatheter aortic valve implantation in the treatment of high-risk symptomatic aortic stenosis has increased the number of implants every year. The learning curve for transcatheter aortic valve implantation has improved since the last 12 years, allowing access alternatives.

    OBJECTIVE: The aim of this study is to approach the implantation of transcatheter aortic valve through transaortic via associated with off-pump cardiopulmonary bypass surgery in a 67-year-old man, with chronic obstructive pulmonary disease, arterial hypertension and kidney transplant.

    METHODS: Off-pump coronary artery bypass surgery was performed and the valve in the aortic position was released successfully.

    RESULTS: There were no complications in the intraoperative and postoperative period. Gradient reduction, effective orifice increasing of the prosthesis and absence of valvular regurgitation after implantation were observed by transesophageal echocardiography.

    CONCLUSION: Procedural success demonstrates that implantation of transcatheter aortic valve through the ascending aorta associated with coronary artery bypass surgery without CPB is a new option for these patients.

    Descriptors: Thoracic Aorta. Aortic valve stenosis. Valve Prosthesis Implantation. Cardiopulmonary bypass, Coronary artery bypass grafting, Systemic inflammatory response syndrome.

  

   

   

  INTRODUCTION

  The learning curve for transcatheter aortic prosthesis implantation over the last 12 years has improved the results and allowed the emergence of other approach vias as implant alternatives. Access through the ascending aorta is a possibility for cases in which the transfemoral and transapical vias are contraindicated, mainly in combined procedures of aortic valve replacement and coronary artery bypass grafting. This study describes the implantation of a transcatheter aortic prosthesis through the ascending aorta concomitant with coronary artery bypass grafting without cardiopulmonary bypass in high risk patients.

   

  METHODS

  Operative sequence

  67-years-old male patient, white, with chronic obstructive pulmonary disease (COPD), hypertension and right kidney transplanted seven years ago, was admitted to our hospital with angina pectoris, CCS 3 (Canadian Cardiovascular Society Angina Classification) and dyspnea at minimum effort, NYHA Class IV (New York Heart Association).

  Arterial blood pressure of 150x90 mmHg, heart rate 98 bpm, cardiac auscultation with presence of an ejection murmur in the aortic area, presence of Gallavardin phenomenon[1] and B1 hypophonetic sound. Coronary angiography showed critical obstructive lesions of 80% in the distal third of the right coronary anterior descending artery with 70% in the proximal third, 99% diagonalis in the proximal third and 80% in the first marginal branch ostium.

  A transthoracic echocardiogram (TTE) showed a double aortic valve lesion with predominant severe and calcified stenosis. The flow rate was 4.44 m/s, mean gradient of 48 mmHg aortic valve, ejection fraction of 80%, left ventricular end diastolic diameter (LVEDD) of 51 mm, left atrium and aorta of 46 mm and 31 mm, respectively. The creatinine was 2.8 mg/dl and creatinine clearance of 58 ml plasma/min/m2. Other comorbidities included left carotid disease with significant asymptomatic atherosclerotic plaque. The EuroSCORE II was 14.86%. CABG and implantation of transcatheter aortic prosthesis for ascending aorta without the use of CPB (Figures 1 and 2) were performed. Both internal thoracic arteries were dissected and a segment of the magna right saphenous vein was removed.  The CPB circuit was installed by the vein and femoral artery in case of any complication during the procedure.

  
    

    [image: Fig. 1 – Image of the procedure]

  

  
    

    [image: Fig. 2 – Intraoperative 3D Transesophageal Echocardiogram]

  

  The procedure was performed in a hybrid operating room with C-shaped arch Philips BV Pulsera and transesophageal echocardiography (TEE) GE Vivid E9 3D. The response curve dose of systemic heparin, described by Bull and colleagues in 1975 was used[2]. The right internal thoracic artery was anastomosed to the left internal thoracic artery, making a Y-shaped branch. Thus, the left internal thoracic artery was grafted to the descending artery and the right internal thoracic artery to the diagonal branch, and the saphenous vein segment to the first marginal branch. CPB was not used at any stage of the procedure.

  During the anastomoses of coronary grafts we used stabilizer and intracoronary shunts of 1.5 for diagonal and 1.75 for anterior descending and first marginal branch. In the anastomosis of the saphenous marginal branch there was a hemodynamic instability due to the presence of cardiac dislocation and severe aortic stenosis, by releasing the heart to hemodynamic stability, then resumed the anastomoses without instability. The implantation of transcatheter aortic valve prosthesis was performed through the ascending aorta in the anterior, superior and lateral wall, locations with lower prevalence of calcification[3].

  To prevent bleeding a purse was performed using 4.0 prolene wires and bovine pericardial pledges. The prosthesis used was No. 24 and the 28 balloon catheter, the implantation in the aortic valve annulus without pre-dilatation guided the previously introduced guidewire into the left ventricle. Heart rate was increased to 160 bpm using a temporary pacing electrode in the right ventricle, this maneuver was used to decrease blood flow in the aorta during the release of the prosthesis and the total time of the aortic procedure lasted 28 minutes.

  There was no intraoperative and postoperative complication, the patient was extubated eight hours after the procedure without the need for inotropic support or temporary pacemaker. Postoperative TEE showed reduced transvalvular gradient, effective increased orifice, and absence of paravalvular regurgitation. The patient was asymptomatic and returned to professional activity after three months follow-up.

   

  DISCUSSION

  The implantation of transcatheter aortic prosthesis represents a paradigm shift in the treatment of aortic stenosis in symptomatic or high risk patients considered inoperable.

  The first implantation of transcatheter aortic prosthesis in humans was published in 2002[4], and the first randomized study to determine safety and effectiveness of transcatheter prosthesis in the aortic position demonstrated the noninferiority of the method compared with conventional surgery[5]. The global sample exceeded 100 thousand cases of transcatheter prostheses implantation over the last twelve years. In Brazil, three types of transcatheter prostheses are used, including a Brazilian prosthesis with good results through transapical access[6] and as an alternative it was implemented by femoral access with success[7].

  Transapical and transfemoral approaches are the most used for the transcatheter treatment of symptomatic calcified aortic stenosis. However, in patients with peripheral arterial disease, deformed chest and fragile left ventricular apical segment, other approaches can be used. The transaortic approach through the ascending aorta and ministernotomy is an attractive therapeutic option[8]. However, there are few reports in the literature on thoracotomy through a median sternotomy involving implantation of transcatheter aortic prosthesis concomitant to off-pump coronary artery bypass grafting. The study by Mohammad et al.[9] in 2011 on the transcatheter aortic prosthesis implantation through the ascending aorta and coronary artery bypass grafting showed reproducible results with success.

  Our study concerns a patient who had severe aortic stenosis and associated coronary artery disease, and the "Heart Team" opted for transaortic via in the ascending portion with full median sternotomy due to the need for CABG; two mammary arteries and one great saphenous vein segment were used. The aid of 3D TEE allowed the release of INOVARE® transcatheter aortic prosthesis at the desired location without complication. Full off-pump CABG was performed, and the right coronary artery was not revascularized because it presented an obstructive lesion in the distal third. The CPB system was on standby, allowing to perform the procedure safely if there were any complications.

  However, there were some difficulties during the procedure, the largest of which was to establish the optimal length of the introducer and release device of the transcatheter valve between puncture in the aortic wall up to the aortic valve annulus. Leaving the guidewire until the tip of the left ventricle and determine the exact point of release of the prosthesis are important maneuvers to the aforementioned procedure.

  The hybrid operative treatment with transcatheter aortic prosthesis implantation through the ascending aorta and CABG is an alternative therapy that justifies the indication for symptomatic calcified aortic stenosis associated with coronary artery disease in high-risk patients.
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    ABSTRACT

    Current technology in robotic surgery allows us to perform myocardial revascularization procedures in a totally endoscopic fashion. We will describe the technique of choice for left internal mammary artery to left anterior descendent artery anastomosis with the use of cardiopulmonary bypass machine. The method is efficient and there is long term follow-up showing similar patency of the graft when compared to conventional methods (when performed through sternotomy).

    Descriptors: Myocardial Revascularization. Surgical Procedures, Minimally Invasive. Thoracoscopy.

  

   

   

  Totally endoscopic coronary artery bypass surgery with robotic assistance has become a feasible, safe and effective method for surgical coronary revascularization in selected patients[1]. Either as an isolated therapy or as part of a hybrid approach the most common and main part of the procedure is the left internal mammary artery (LIMA) to left anterior descending artery (LAD) anastomosis. Different methods of endoscopic anastomosis have been described: running suture, use of nitinol clips and use of anastomotic connector device. Here we describe our technique of choice of running suture with Pronova 7-0.

  The general conduct of operation has been extensively described elsewhere[2] but can be summarized as follow. A dual lumen endotracheal tube is used to allow single right lung ventilation. The patient cart of the robotic system approaches the patient from the right. The ports are placed on the left hemithorax with a deflated left lung: the camera port is inserted in the left fifth intercostal space in the anterior axillary line, the two robotic arm ports are inserted in the third and seven intercostal spaces, 3 cm anteriorly to the camera port. Lastly the myocardial stabilizer is inserted through a left subcostal port in the midclavicular line. The mammary takedown is performed with fine deBakey robotic forceps and a robotic electrocautery spatula using low energy (15W). A full description can be found elsewhere[3].

  While one surgeon is performing the LIMA harvesting, another one is preparing the left groin vessels for cardiopulmonary bypass (CPB) cannulation and insertion of an intra-aortic occlusive device. After the LIMA harvesting is complete, CPB is initiated, the pericardium is opened and the LAD target is identified. The intra-aortic occlusion device is inflated, and cardioplegia is delivered thorough its tip. Our cardioplegia solution of choice is Modified Buckberg. This is infused every 15 min, or earlier if there is electrical activity. When cardiac arrest is achieved our attention turns to the anastomosis confection. The coronary stabilizer is brought in and placed over the area of interest.

  A proper spot for the anastomosis is chosen in the LAD based on quality of the artery wall and size of the vessel. The LIMA is checked for adequate flow and clamped with a bulldog device. An endoscopic clip is placed in the adventitia of the mammary securing it to pericardial fat allowing it to be still. The mammary end is prepared by cutting it in a beveled fashion with endoscopic Pott scissors. The LAD is opened with an endoscopic scalpel (Figure 1) and the arteriotomy is increased with Pott scissors to a size of 4 mm.

  
    

    [image: Fig. 1 - Opening of coronary artery]

  

  If considerable backflow from the perforators compromise view, proximal and distal snare of the artery are possible with vessel loops. The mammary artery is positioned close to the opened coronary artery. For the anastomosis confection two delicate Black Diamonds forceps are used. The stitch used is a 7-0 Pronova, 7 cm long with small needle. The first stitch goes from inside to the outside of the coronary close to the toe of the anastomosis, in the back wall. The needle is pulled and parked in the myocardial fat. The other needle takes a bite inside-out in the mammary artery at the distal back wall (Figure 2).

  
    

    [image: Fig. 2 - First stitch in the mammary artery]

  

  The next three stitches will enter the coronary artery from the outside and the mammary artery in a parachute mode, travelling proximally. The mammary artery is then brought down. The suture continues proximally with the needle being handled in a right hand fashion. Adjustment of the line of suture is possible using the needle. When the heel is reached, extra care should be taken to avoid suturing the posterior wall, which would lead to obstruction of the anastomosis. The Black Diamond forceps can be used to kindly test for patency. When the heel is passed, the running suture continues, but the needle is handled in a left hand fashion (Figure 3).

  
    

    [image: Fig. 3 - LIMA-LAD anastomosis half way through]

  

  This continues up to the middle of the front wall. At this point this needle is parked and the first one is taken again. The suture then comes from distal to proximal, including the toe of the anastomosis (Figure 4). Again, this can be tested for patency with the fine Black Diamond forceps. When the two sutures meet in the middle of the anterior wall, the needles are removed by breaking the stitch and they are used to put tension on the whole suture line. This is an important step since this procedure is performed in a solo fashion, without an assistant keeping tension on the suture during its confection.

  
    

    [image: Fig. 4 - Last stitch in LIMA-LAD anastomosis]

  

  The suture is then tied down with several knots. The mammary artery is opened to test for any bleeding and repair stitches are placed as necessary (Video 1).

  After the anastomosis is complete, the endo-ballon is deflated and the heart starts to beat. An ultrasound probe is brought into the cavity through the left subcostal port and applied to the mammary artery to access for flow. Further hemostasis of the anastomosis and mammary artery bed are performed.

  The patency of robotic totally endoscopic LIMA-LAD anastomosis has been found to be similar to conventional open procedures[1,4,5]. Angiographic and coronary CT studies have found this patency to be between 92%[4] and 98%[5] on the long term. The average time to perform the anastomosis has been reported in several studies to be between 18 and 35 minutes[6].

  In many situations the revascularization approach follows a hybrid philosophy. In this case one or two IMAs are anastomosed to arteries of the left ventricle with robotic assistance and percutaneous intervention with stents are performed to the remaining vessels. The order of the procedures can vary and depends on clinical status, risk of bleeding and severity of coronary lesions.

  We here describe our technique of choice for robotic LIMA-LAD anastomosis. Pictures and video further illustrates the procedure.
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    ABSTRACT

    Complete arterial revascularization for the right coronary artery is underused mainly due to technical issues. Herein we report on a new approach for complete arterial revascularization of arterial revascularization for the right coronary artery branches. Complete arterial revascularization for the right coronary artery revascularization was performed in 8 patients using a reverse T composite arterial graft. None of the patients suffered perioperative myocardial infarction. All patients underwent noninvasive coronary imaging, displaying an early patency rate of 100%. Complete arterial arterial revascularization for the right coronary artery revascularization using a reverse T graft offers a new paradigm with enhanced technical flexibility in performing all arterial myocardial complete revascularizations in selected patients.

    Descriptors: Coronary Artery Bypass. Coronary Circulation. Internal Mammary-Coronary Artery Anastomosis. Tomography Scanners, X-Ray Computed. Radial Artery.

  

   

   

  INTRODUCTION

  The right coronary artery (RCA) is an important provider of collateral flow to the left coronary system and interventricular septum (IVS)[1,2]. In the setting of a multisite diseased right coronary artery (MDR), surgical revascularization is generally confined to its inferoposterior branches. We report on a new approach, attempted at complete arterial revascularization of RCA (CRR) in selected patients. These techniques enable us to achieve double inflow all arterial revascularizations using two arterial composite grafts at their utmost technical aspect.

   

  METHODS

  This study was approved by our institutional ethics committee, and written informed consent was obtained from each patient. This approach is based on constructing a reverse T composite arterial graft placed between the RCA targets along with complete left-sided arterial revascularization. Arterial revascularization is performed using left internal thoracic artery (LITA); right internal thoracic artery (RITA), or radial artery (RA). Bicaval venous cannulation in view of optimal integrated myocardial protection, cold blood intermittent anteroretrograde cardioplegia, mild systemic hypothermia, and peri- and postoperative tight glycemia control were used systematically.

  An intracoronary bridge (ICB) is constructed between the RCA targets using a segment of free arterial graft (Figure 1A-D). Preprocedural measuring of the grafts' length and ICB on a fully beating heart avoids pitfalls in its final layout; thereby preventing kinking/angulation. An anterolateral or acute marginal branch can be bypassed directly (diameter > 1 mm) or indirectly through RCA segments giving them take-off (Figure 1C). Then ICB is connected to an arterial inflow according to two distinct modes, the choice of which depends on final layouts for left- and right-sided revascularizations in line with availability of the arterial grafts:

  
    

    [image: Fig. 1 - The examples of a right-sided intracoronary bridge]

  

  1) In-situ reverse T grafting (IRTG) using RITA (Figure 2A).

  
    

    [image: Fig. 2 - The arterial Inflow modes by in situ RITA]

  

  2) Coronaro-coronary reverse T grafting (CRTG) (Figures 2B and 2C).

  Eight patients with a mean age of 57.13 9.7 years old (female 25%; mean logistic Euroscore: 5.2±5.6%; elective: 75%; mean preoperative left ventricle ejection fraction (LVEF): 45.71±9.32%; diabetes mellitus: 75%) underwent CRR as a part of complete arterial revascularization. 75% of patients had a three vessel or left main disease and had a history of recent myocardial infarction (MI). Two patients underwent previous PTCA with intracoronary stenting (mean stent per patient: 4). An occluded LAD and RCA were noticed in 50% of patients, and RCA was dominant in 6 patients.

   

  RESULTS

  The mean number of total arterial anastomoses (distal/ composite/ proximal coronary-coronary) was 7±1.5 per patient. The mean numbers of distal and CRR anastomoses were 4.88± 1.26 and 2.25±0.463 per patient respectively. Double internal thoracic arteries (ITAs) and RA were used in 75 and 62.5% of the patients. Six patients had right- and left-sided double composite arterial grafting. CRR was performed as IRTG in 5 and as CRTG in the remaining patients. An ICB was constructed using a segment of RA in 5 patients or ITA in the rest. An anterolateral or acute marginal branch was revascularized in 6 patients directly or via their supporting RCA segment (4 patients).

  Fifty percent of patients required extensive LAD reconstruction (endarterctomy, arterial roofing, and On-Lay anastomosis). Two patients needed concomitant releasing of a muscle bridge on LAD (>3 cm). The mean pump and ischemic times were 257±47.7 and 180±47.3 minutes respectively. None of the patients suffered perioperative MI, nor required mechanical/inotropic cardiocirculatory support. 87.5% of patients were extubated within the first 24 hours postoperatively and the mean time of ICU stay was 3.1±1.5 days. None of the patients suffered major cardiocerebral adverse events except one with resolving postoperative neurocognitive dysfunction (preoperative strokes with carotid stenting). The mean LVEF at discharge was 45.71±3.45%. All patients underwent noninvasive coronary imaging within the first four months postoperatively displaying an early patency rate of 100% for the grafts and distal anastomoses.

   

  DISCUSSION

  A double inflow feature of coronary arterial system confers RCA the role of a main provider for collateral flow with regards to the left coronary system and IVS; thereby, federating a salient backup in regulations of coronary blood flow (CBF)[1,2].

  Restoring the collateral pathways and functional features of coronary circulation should render the aim of complete revascularization more attainable. Reaching a coronary reserve closer to the normal does support a better myocardial protection and enhances the ability of myocardium to meet an increased demand in CBF. Despite a myriad of all arterial bypassing techniques being successfully reported; yet, controversy exists regarding their functional capacity to restore an aortocoronary reserve close to that of a normal double inflow coronary system. A single inflow feature and increased vulnerability of the arterial grafts facing native competitive flow are still matters of debate[3-5].

  In the setting of coronary artery disease with MDR referred to surgical revascularization, bypassing the right coronary system is generally confined to its inferoposterior territory. An inadequate length of arterial grafts, a more complex layout required for sequential bypassing, a small size of an anterolateral or acute marginal branch to host for a distal anastomosis, and severe calcifications are technically the main limiting factors that could compromise graft's patency. In addition, the existence of a differential profile along RCA for native competitive flow (adversely affecting patency of the arterial grafts especially for coronary stenosis less than 90%) arouses the current reluctance for arterial CRR[2-5].

  From a technical point of view, using an ICB overcomes the aforementioned technical issues: ICB reduces the number of sequential bypassing, enhances technical flexibility in fashioning sequential anastomoses with proper angulations if required, and remedies the limiting length of arterial grafts. Performing the distal anastomosis on an intermediate segment of RCA supporting an anterolateral or acute marginal branch is an alternative in a case of unsuitable anatomy (Figure 1C). It may be preferable to establish the final layout of ICB operatively, as the preoperative coronary angiography could lead to over- or underestimation of the total number of targets amenable to revascularization (Figure 1).

  Patients with compromising revascularization of LAD or distal RCA (poor runoff, extensive endarterectomy, and arterial reconstruction) incur an exceptionally high risk for perioperative myocardial infarction, therefore restoring some amount of the coronary collateral pathways as a "backup" sounds crucial. Diffuse coronary artery disease severely affects the epicardial arterial network that is in charge of optimizing the diastolic phase of CBF. The latter can be partly compensated for by using an arterial ICB, creating a new functional epicardial arterial network. Our results show a 100 % early patency rate for ICBs placed between different RCA branches with various degrees of stenosis, suggesting a better aptitude of ICB to face the native competitive flow. It can be speculated that ICB acts as a systolic redistributing circuit between the targets, thereby reducing the amount of systolic reversed flow in its arterial inflow.

  Right-sided reverse T grafting should only be performed on carefully selected patients. If any doubts remain about the suitability of target sites for hosting a distal anastomosis, difficulty in dissection for RCA or its branches, and quality of arterial grafts, the patient should not be put on the risk side of the benefit/ risk ratio. It is definitively inadvisable to proceed with such a procedure using the unsuitable distal rest of arterial conduits.

  Being technically more demanding with an increased ischemic time can be reproached. The increased ischemic time is related to a greater number of large arterial anastomoses that should be fashioned meticulously. In addition, 50% of patients in the current series needed extensive coronary arterial reconstruction. A safer pump run, meticulous cardioprotection encompassing a protocol for tight glycemic control, and the expected benefits of a double inflow complete revascularization do outweigh the foreseeable and inevitable reluctances[1,2]. Bicaval cannulations with right atrial isolation were used in this series as part of integrative myocardial protection. By the time of heart displacement, kinking of vena cava increases venous pressures; therefore, selective drainage of vena cava provides additional organ protection, specially reducing the rate of neurologic and neurocognitive disorders. As the appropriate lengths of all grafts and ICB are measured pre-procedurally on loaded heart, its subsequent unloading with bicaval drainage does not induce errors in estimation. The absence of in-hospital mortality and occurrence of major adverse cardiocerebral events supports the aforementioned perioperative majors and the current techniques, recalling that best myocardial protection is provided by integrated revascularization.

  So far, further functional investigations, a larger scale clinical series, and longer-term results are mandatory to support the advocated benefits of CRR using a composite arterial reverse T graft.
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    ABSTRACT

    An aneurysm of the left ventricle is a complication of acute myocardial infarction. We report a case of a giant aneurysm of the left ventricle after myocardial infarction in a 59 year-old male patient. The surgery to correct the aneurysm was performed with the use of cardiopulmonary bypass under normothermia. A bovine pericardial patch was used for the geometric reconstruction of the ventricular wall affected by the aneurysm. After the procedure, echocardiography and magnetic resonance imaging revealed improvement in left ventricular ejection fraction  and volume reduction.

    Descriptors: Aneurysm. Heart Aneurysm. Myocardial Infarction.

  
  
   

   

  INTRODUCTION

  Although a left ventricular aneurysm is a common complication following a myocardial infarction, its incidence has declined, primarily due to the treatment of a myocardial infarction with coronary angioplasty performed in the acute phase of the event. The condition can be classified as a true aneurysm when the aneurysm forms at the damaged wall of the myocardium and as a pseudoaneurysm when the cardiac rupture is contained by adherent pericardium or scar tissue[1,2].

  The main complications of a left ventricular aneurysm are heart failure, ventricular arrhythmias, systemic embolization, cerebrovascular accident, and ventricular rupture. The main surgical indications occurring in patients with a true aneurysm, intractable ventricular arrhythmias and heart failure unresponsive to drug treatment. Other possible indications include refractory angina and systemic embolization in patients who cannot take oral anticoagulants. In cases of pseudoaneurysm, surgical treatment is the best option, given its high probability of symptom dissolution[2,3].

  Surgical techniques currently in use for correction of a left ventricular aneurysm are based on reconstruction of the left ventricle or a reduction of its volume with the goal of restoring normal cardiac geometry[4,5].

  The present article reports a case of a giant ventricular aneurysm post-myocardial infarction in a 59 year-old male patient and shows an example of a positive outcome of surgical correction with the ventricular remodeling technique. The case report contains full imaging documentation with cardiac magnetic resonance imaging and transesophageal echocardiography images.

   

  CASE REPORT

  A 59 year-old male patient suffered from hypertension and dyslipidemia. He was a smoker and had a positive family history for coronary artery disease. Following an acute myocardial infarction in February 2013, he underwent a circumflex coronary stent implantation. Twenty-five days after stent implantation, the patient presented with acute coronary symptoms, which were found to be due to stent occlusion; however, another angioplasty proved to be impossible due to technical difficulties.

  In August 2013, the patient suffered heart failure, functional class III (NYHA). A giant aneurysm of the left ventricle was present. Transesophageal echocardiography (TEE) and cardiac magnetic resonance imaging (MRI) were performed (ejection fraction: 19% [Simpson]; left-end diastolic volume: 402.7 cm3; left-end systolic volume: 324 cm3; ejection fraction: 19%; left-end diastolic volume: 490 ml; left-end systolic volume: 398 ml). Left ventricle weight was 144 gm2. The aneurysm was 7.3 x 6.4 x 7.5 cm with tapered walls towards the base of the left ventricle; a thrombus was present (Figures 1A and 1B).

  
    

    [image: Fig. 1 – A) Preoperative transesophageal echocardiography]

  

  The patient underwent repair surgery of the left ventricle with geometric correction through a median sternotomy (video 1). Cardiopulmonary bypass (CPB) from the aorta to the right atrium was established under normothermia (Figure 2A). Myocardial protection was held with anterograde and retrograde cardioplegia under continuous normothermic esmolol, potassium, and magnesium.

  
    

    [image: Fig. 2 – A) Giant aneurysm of the left ventricle after the establishment]

  

  After incising the aneurysm (video 2) and extracting a large thrombus (video 3) measuring 8 x 3 cm (Figure 2B), a 7 x 5 cm bovine pericardial patch was placed and anchored with Teflon wires (videos 4 and 5). A transition zone was established between the healthy myocardium and an area of fibrosis (video 6) using 2.0 ethibond thereby excluding the infarcted region and a geometric correction was performed (Figure 2C). The mitral valve was competent. Cardiopulmonary bypass time was 56 minutes and the aorta was clamped for 48 minutes. The patient was weaned from the CPB with a low dose of intravenous dobutamine, which was maintained until closure of the incision.

  A new transesophageal echocardiography was performed and revealed a 30% (Simpson) ejection fraction; left-end diastolic volume of 138.6 cm3, and left-end systolic volume of 96.87 cm3 (Figure 3A).

  
    

    [image: Fig. 3 – A) Postoperative transesophageal echocardiography]

  

  The patient was extubated in the operating room and transferred to the intensive care unit where he remained for 36 hours. Intraoperative blood loss was 450 ml. He was discharged 72 hours later with prescriptions for carvedilol 12.5 mg daily and acetylsalicylic acid 100 mg daily. At the one month follow-up examination, the patient was at functional class I (NYHA). He underwent an MRI that identified: ejection fraction of 41%, left-end diastolic volume of 198 ml, left ventricular systolic volume of 115 ml, and left ventricular weight of 144 gm2 (Figure 3B).

   

  DISCUSSION

  Although left ventricular aneurysm is a common complication following myocardial infarction, its incidence has declined, primarily due to the treatment of myocardial infarction with coronary angioplasty performed in the acute phase of the event. The condition can be classified as a true aneurysm when the aneurysm forms at the damaged wall of the myocardium and as a pseudoaneurysm when the cardiac rupture is contained by adherent pericardium or scar tissue[1,2].

  The main complications of a left ventricular aneurysm are heart failure, ventricular arrhythmias, systemic embolization, cerebrovascular accident, and ventricular rupture. The main surgical indications occur in patients with a true aneurysm; include intractable ventricular arrhythmias and heart failure not responsive to drug treatment. Other possible indications are refractory angina and systemic embolization in patients who cannot take oral anticoagulants. In cases of pseudoaneurysm, surgical treatment is the best option, given its high probability of symptom dissolution[2,3].

  Surgical techniques currently in use for correction of a left ventricular aneurysm are based on reconstruction of the left ventricle or a reduction of its volume with the goal of restoring the normal cardiac geometry[4-6]. This case exemplifies a positive outcome of surgical correction with the ventricular remodeling technique. When appropriate indications are present, the procedure can result in improved ejection fraction of the left ventricle and ventricular volume reduction.

  Video 1 - Giant left ventricular aneurysm before the  establishment of the cardiopulmonary bypass. The aneurysm  is clearly delimited by the surgeon fingers.

  Video 2 - The aneurysm wall is opened revealing its extension.

  Video 3 - A large thrombus measuring 8 x 3 cm is removed  from the aneurysm wall.

  Video 4 - After the thrombus removal, the bovine pericardial  patch was placed and anchored with Teflon wires in order to  reconstruct the geometry of the ventricular wall impaired by  the aneurysm formation.

  Video 5 - Bovine pericardial patch fully anchored to the wall.

  Video 6 - A transition zone was established with 2.0 Ethibond  between the healthy myocardium and an area of fibrosis,  excluding the infarcted region.
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  Comments on "Impact of type of procedure and surgeon on EuroSCORE operative risk validation"

  Dear Editor,

  We read with great interest the article by Atik et al.: "Impact of type of procedure and surgeon on EuroSCORE operative risk validation", published recently in the Brazilian Journal of Cardiovascular Surgery[1]. The issue is very relevant especially in the current era of continuous quality improvement and increasing societal demand for consistent performance assessment and monitoring. We would like to take the chance to add some thoughts about the use of risk stratification models for the prediction of hospital mortality after adult cardiac surgery.

  The EuroSCORE in its original version (ES I) firstly introduced in 1999[2] was a simple and easily applicable risk assessment tool adopted by many surgical units and cardiothoracic surgery societies worldwide. The system performance was highly successful for a decade, but it became less well calibrated, due to the evolution in the field of cardiac surgery, despite a constant adequate discriminatory power with an area under curve (AUC) of 0.75–0.80. To overcome this problem an updated model-version the EuroSCORE II (ES II) was presented in 2011[3]. This system resulted from a refinement and modification of some of the established risk factors and the way the model evaluates them.

  The series of Atik et al.[1] consists of 2,320 consecutive patients operated on between January 2006 and June 2011. Despite the fact that the study population seems to differ widely, as presented in Table 1, in crucial characteristics such as age, proportion of female patients, incidence of comorbidities, and spectrum of performed surgical procedures, from the EuroSCORE reference population, there is a certain amount of cases operated in a time period contemporary to the ES II development. However this last variable, namely the impact of the institutional cardiac surgical evolution on the EuroSCORE (including ES II), was not evaluated by the authors. In our eyes this specific study-collective structure justifies a validation of the ES II, as long as firstly there exist up to now only a few external model validation studies outside of Europe[4], and secondly the published European series partly posed concern about the predictive power of the new ES II version especially in high risk- or combined procedures patients[5].

  In general, Atik and coauthors confirm with their study, as the literature reported, ES I limitations. However, it seems that the cardiac surgical community put a lot of unfulfillable expectations in the use of scoring models. We should keep in mind, that those models evaluate only the risk and not the quality of care, meaning that a surgeon should not decide about an indication for surgery based on the scoring. In addition a scoring system should be adjusted on the specific institutional needs and features in order to achieve best possible calibration and discrimination. Nevertheless the individual clinical judgment of the patient based on clinical entities and symptoms, which potentially may affect the outcome, remains the cornerstone in decision making and cannot be totally replaced by a scoring model.

  Kyriakos SpiliopoulosI; Oliver DeutschII; Walter EichingerII; Brigitte GanseraII
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  Reply to the editor on "Impact of type of procedure and surgeon on EuroSCORE operative risk validation"

  Dear Mr. Editor:

  We appreciated the thoughtful comments by Spiliopoulos et al. regarding the article entitled "Impact of type of procedure and surgeon on EuroSCORE operative risk validation", recently published in the Brazilian Journal of Cardiovascular Surgery[1].

  We agree with their comments on the relevance of this issue due to the public scrutiny and demand for increasingly better quality of care. Moreover, risk stratification models in cardiac surgery are important to adjust outcomes to certain clinical profiles, being therefore useful in patient consent, quality assurance programs, as well as being used in patient selection for controlled randomized trials.

  We recognized that an outdated risk model (EuroSCORE I) was used to assess hospital mortality in our study, because that was the most accepted and worldwide used system available at the time for most of the patients studied. As you stated in your letter, our study confirmed some of the limitations that have been previously shown. However, that was not our primary purpose to validate the EuroSCORE I in a Brazilian single cardiovascular surgery center, since other Brazilian cardiac surgery groups[2,3] had already done so. Certainly, we will commit to validate our results to the new EuroSCORE II system in the nearest future, in order to determine its performance on a non European population.

  On the other hand, the primary objective of our study was to demonstrate that, regardless of the risk stratification model used, there are unmeasured factors that significantly influence its validation and performance. Besides the fact that the patient population is different, hospital protocols may vary among different centers, diverse surgeon's background may influence patient's management, regardless of strict protocols. We proved that there is significant variability in outcomes in the same hospital, using a standardized patient care, adjusting to patient's severity.

  Since it is impossible to control all the issues of concern, all risk models tend to be imprecise, subject to error and less than perfect. We then totally agree with Spiliopoulos and colleagues that we, as clinicians, should be extremely careful on interpreting a patient's condition based on a scoring model that will never replace the good individual clinical judgment, which is the foundation of our profession.

  Fernando A. Atik; Claudio Ribeiro da Cunha

  MD. Instituto de Cardiologia do Distrito Federal, Brasília, DF, Brazil
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Fig. 2~ The arterial Inflow modes by in situ RITA (IRTG) and coronaro~coronary grafting (CRTG).

A-I: operative view of an ITRG with in situ RITA. A-IT" postoperative CT angiography showing the arterial inflow (arrow) and ICB (dashed
arrow). A-IIT:the postoperative CT-angiography of te lef-sided composite arterial graft (endarterctomized LAD with extensive arterial roofing).

B-I" operative view of CRTG: arrows and dashed arrows show the arterial inflow and ICB respectively. BII- postoperative CT angiography
of CRTG. The head of arrow shows the native RCA with in-stent stenosis. The arrow displays the artertal inflow and ICB at the level of their
composite anastomosts. B-III: operative view and postoperative control of the left-sided composite arterial graft.

C-I: preoperative coronary angiography displaying an occluded RCA and LAD in a patient with three vessel disease. The arrows show an
acute marginal branch and distal RCA. C-II” the post-operative CT angiography showing the patent CRTG (arrow: arterial inflow; dashed
arrow: ICB). [ICB: free LITA: Inflow mode: CRTG using radial artery].
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Fig. 2 - Kaplan-Meier analysis revealed that the pathological
changes of the left internal mammary graft artery were a risk factor
that negatively influenced the survival rate. The long-term survival
rate was 83.9%, 74.1% and 91.4% for overall and patients with and
without pathological changes of the left internal mammary artery.
LIMA=Left internal mammary artery; With=With pathological
changes; Without=Without pathological changes
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Fig. 3 - Kaplan-Meier analysis revealed that pathological changes
of the radial artery graft were not a significant risk factor affecting
the survival rate. The long-term survival rate was 83.6%, 82.9% and
85.0% for overall, patients with and without pathological changes
of the radial artery.

RA= Radial artery; With= With pathological changes; Without=
Without pathological changes
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Fig. I - Microspcopic views of the grafis: (4) saphenous vein grafis
with normal structures; (B) saphenous vein grafis showing medial
degenerative changes with intimal proliferation; (C) radial arterial
grafis with normal structures; (D) radial arterial grafis with medial
degenerative changes with intimal proliferation; (E) interna
mammary arteries with roughly normal structures; and (F) internal
mammary arteries with mild degeneration of the media with intimal
roliferation. Hematoxylin and Eosin staining
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Fig.1 - Cross-sectional area of the tube (4) demonstrates its outer
ring and inner cuff. Irem B corresponds to the format of the trachea
and its perimeter. (C) Cross-sectional area of the endotracheal tube
adapted to the tracheal lumen with redundancy channels formed,
which can allow the passage of fluids.
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Fig. 4 - Kaplan-Meier analysis revealed that the pathological
changes of the saphenous vein graft were not a significant risk
factor affecting the survival rate. The long-term survival rate
was §3.6%, 78.9% and 91.3% for overall, patients with and
without pathological changes of the saphenous vein.

SVG= Saphenous vein graft; With= With pathological
changes; Without= Without pathological changes
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CABG Coronary artery bypass grafting

eNOS ‘Endothelial nitric oxide synthase

™A Left internal mammary artery

LAD Left anterior descending coronary artery
RA Radial artery

SVG Saphenous vein graft
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Fig. 3 - Coronary artery arising from the noncoronary sinus: (4) left coronary artery arising
from the noncoronary sinus; and (B) both left and right coronary arteries arising from the
noncoronary sinus.





OPS/images/a25img03.png
Fig. 2 - Left coronary artery arising from the right coronary sinus">*I: (4) from a separate ostia
with the right coronary artery; (B) sharing a same ostia with the right coronary artery coursing
between the aorta and pulmonary artery; (C) sharing a same ostia with the right coronary artery
with a retroaortic course; (D) coursing via the right ventricular outflow tract; and (E) with an
anterior course of the left anterior descending coronary artery and a retroaortic course of the
left circumfiex artery.
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Fig. I - Right coronary artery arising from the left coronary sinus™: (4) from a separate
ostia with the left coronary artery; (B) from the left main stem coursing between the aorta and
pulmonary artery; and (C) from the left main stem with a refroaortic course.
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Table 1. Categories of the ectopic origin of coronary artery.

Ectopic origin sife
From the aorta

* Left main coronary artery arising from the right anterior sinus

« Right coronary artery originating from the left coronary sinus

« Left circumflex or left anterior descending coronary
artery arising from the right coronary sinus

- Asingle coronary artery arising from the right, left and/or
non-coronary sinus

- Ascending aorta (high aortic origin)

* Descending aorta

From the pulmonary artery

« Left coronary artery arising from the pulmonary artery
(Bland-White-Garland syndrome)

- Right coronary artery arising from the pulmonary artery

* Left anterior descending coronary artery arising from
the pulmonary artery

- Both left and right coronary arteries arising from
the pulmonary artery

As a branch of another coronary artery

« Left coronary artery from the proximal right coronary artery
* Left circumflex coronary artery from a right coronary artery
- Right coronary artery as a branch of the left circumflex
coronary artery

« Right coronary artery arising from the left anterior

descending artery

From other arteries

« Innominate artery
« Branchiocephalic trunk

* Left mammary artery
* Left subclavian artery

« Carotid artery
« Bronchial artery

From the left ventricle
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Fig. 1 - ROC curves (receiver operating characteristics) of age, time between hospital admission and surgery,
cardiopulmonary bypass time and creatinine peak-admission for death up to 30 days.
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Fig. 4 - Schematic representation of intraoperative blood recovery. The collected blood is mixed
with anticoagulant, filtered, washed, concentrated and returned to the patient.
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Fig. 3 - Schematic representation of acuite normovolemic hemodilution.

(4) Bags of blood being removed immediately before the initiation of surgery, along with the infusion
of volume expanders to maintain normovolemia.

(B) Bags of blood being re-infused during and/or immediately after the surgery is completed.
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Table 3. Mam strategies to improve anemua tolerance.
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Senay et al ™ Patient tolerates anemia in the perioperative period
Graffeo et al ) Patient tolerates anemia in the postoperative period

Salpeter et al *
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Rasmussen et al. %7
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Fig. §- Linear correlation analysis showed serum S1008 concentration

at T, correlated closely with cardiopulmonary bypass duration.
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Fig. 7- Linear correlation analysis between serum $100 concentration
at T, and cardiopulmonary bypass, crossclamp time and core
temperature.
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Fig. 2- Results of the histological analysis of the injury degree
of the intestinal mucosa of rats according to Chiu et al.'!
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Fig. 5 - An inter-subgroup comparison of serum 5100 at T, and T,.
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common carotid artery; Sbc=subclavian artery; RCC=Right
commom carotid artery
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Fig. 2 - Anchoring zones of the thoracic aneurysm according to
Ishimaru and Mitchell classification.

In diseases that affect the Zones 0-2, revascularization
procedures of the supra-aortic trunks are needed.
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Fig. 3 - Carotid-left subclavian graftwith prosthesis anchoring in Zone 2. A=Angiotomography in axial section
showing massive thoracic aneurysm without proximal landing zone. B=Three-dimensional reconstruction of
pre-implanted stents. C=Digital subiraction angiotomography with endoprosthesis anchoring in Zone 2 and
carotid-suclavian patent graft. D=Three-dimensional angiographic reconstruction after stent implantation
swithout leaks
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Fig. 1 - Dynamics of CSF 5100, serum S100 and CSF/serum S100
ratio. CSF=Cerebrospinal fluid
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Table 1. Demographics of patients with serum 5100 and serum S1005 detections.

Variable 5100 S1008
Report number 20 a5
Patient number 1741 2682
Gender (male/female) 1217/352 829/451
Age 51.8£26.1 (range, 3 days-77  47.7:27.8 (range, 8.6 days-
years; median, 68 years) 81 years; median, 62 years)
Operative conditions
CPB (min) 98.1+36.5 (range, 48-217;  116.5455.0 (range, 49-308;
median, 90.3) ‘median, 103.2)
Crossclamp time (min) 63.8+31.5 (range, 20-175;  64.9:29.9 (range, 28-164;
‘median, 56) ‘median, 60)
Hypothemic circulatory amrest time (min) 43.1224.2 (range, 26-60.2;  31.6+9.1 (range, 20-45;
‘median, 43.1) ‘median, 32)
Core temperature (°C) 30.1+4.4 (range, 18-345;  29.466.5 (range, 10.5-37;
‘median, 31.5) ‘median, 32)
Age group, 7 (%)
Neonate 25(1.4) 173 (6.5)
Tnfant 17(1.0) 69 (2.6)
Child 21(1.2) 18(0.7)
Adult 1678 (96.4) 2422 (90.3)
Core temperature, 7 (%)
Deep hypothermia 4426) 278 (10.4)
Mild-moderate hypothermia 1576 (93.9) 2250 (83.9)
‘Nommothermia 58(3.5) 154 (5.7)
Operation, 1 (%)
Aorta replacement 31(1.8) 192 (7.1)*
Valve replacement 14(08) 156 (5.8)
Congenital heart defect repair 64(3.7) 270 (10.0)
CABG 1335 (76.7) 1941 (72.2)
OPCAB 229 (132) 129 (4.8)
Not given 68 (3.9)
Cerebral damage, 7 (%) 23(13) 121 (4.5)
Organic cerebral damage 23 (100) 65(53.7)
Stroke 3(13.0) 58(80.2)
Transient ischemic attack 1(43) 0(0)
Spinal cord injury 3(13.0) 2030
Subclinical cerebral damage 16 (69.6) 5(7.7)
Functional cerebral damage 0(0) 56 (46.3)
Intervene (with modified filter, oxygenator 259 (14.9) 330 (12.3)
or anesthetic agents)
Assay, n (%)
Immunoradiometry 985 (56.6) 891(332)
Enzyme linked immunosorbent assay 163 (9.4) 235(8.8)
Immunoluminometry 161 (9.2) 668 (24.9)
Immunofiuorometry 500 (18.6)
Luminometry 128 (4.8)
Immunoassay 722.7)
Electrochemoluminescence immunoassay 21(0.8)
Not given 432 (24.8) 167 (6.2)

*at least 5 patients had concurrent procedures. CABG=coronary artery bypass grafing;

CPB:

ardiopulmonary bypass; OPCAB=off-pump coronary artery bypass
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Fig 4 - Carotid-carotid graft associated with transposition of the left subclavian artery and stent-graft
implantation in Zone 1. A: Angiotomography in sagittal section with thoracic aneurysm without proper

anchoring zone in Zone 2 due to exireme proximity between the left carotid and the left subclavian arteries.

B: Angiotomography in axial section showing massive thoracic aneurysm. C: Angiotomography with volume
reconsiruction. D: Supra-aortic runk revascularizatoins with carotid-carotid graft associated with ransposition
of the left subclavian artery. E: Aortography before stent implantation with patency of anatomical extra grafs.

F: Aortography after stent implantation demonstrating the aortic stent in Zone 1, no leaks and patency of
supra-aortic trunks.
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Fig. 3 - An inter-subgroup comparison of serum 45100 at T,and T,

CABG=Coronary artery bypass; CHD=Congenital heart defect;
DHCA= Deep hypothermia circulatory arrest; FCD=Functional
cerebral damage; MMH=Mild-moderate hypothermia;
NM=Normothermia; OCD=Organic cerebral damage; OPCAB=Off-
pump coronary artery bypass
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Fig. 5 - Brachiocephalic ascending aoria graft associated with carotid-carotid graft placement of vascular plug.
and aortic endoprosthesis implantation in Zone 0. Intentional occlusion of left subclavian artery.

A=Brachiocephalic ascending aorta surgical graft. B=Preoperative arteriography showing patency of
brachiocephalic trunk ascending aorta and right-left carotid-carotid artery. C=Stent implantation in Zone 0 and
subtraction arteriograph via right subclavian artery demonsirating type 2 leak coming from the brachiocephalic
trunkwith left subclavian artery filling. D=Implantation of 22 mm vascular plug in the ostium of the brachiocephalic
trunk. E=Arteriography control without type 2 leak F=Thoracic aortography without leaks and with disconnection

of native supra-aortic trunks






OPS/images/a26img03.png
. pe0gsa—

50000

S0

i =
L

oo o ot

Fig. 2 - An inter-subgroup comparison of serum $100 a T, and T,
CABG=Coronary artery bypass; CHD=Congenital heart defect;
DHCA=Deep hypothermia circulatory arrest; FCD=Functional
cerebral damage; MMH=Mild-moderate hypothermia;
NM=Normothermia; OCD=Organic cerebral damage; OPCAB=Off-
pump coronary artery bypass; T,=At the end of cardiopulmonary
bypass; T.=24 hours after cardiopulmonary bypass
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Fig. 2 - Ec ‘am. 4) Presence of a large aneur
of the left ventricular apex; B) Mild dilatation of the le
atrium with other cardiac chambers of normal si

al sha

after surgery).
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Table 2. Echocardiography data of five patients two years after surgery.

Patient ~ Dimension Dimension ~FLVDD FLVDD LVMI ~ LVMI ~ LVEF  LVEF
LA(re)  LA(post) (pre) (post) (pre)  (post) (pre) (post)
mm mm mm % %

mm mg/m’ __mg/n®
1)STZ 50 52 62 52 103 87 30 34
2) DQ 46 45 45 47 118 83 25 50
3) HM 50 47 64 62 147 158 42 47
4)EZ 42 42 48 42 96 88 44 42
5)T 53 46 63 63 185 154 17 25

La=Left amrium; FLVDD=Final left venticle diastilic diameter; LVMI=Left ventricle mass index; LVEF=Left
ventricle injection fraction
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Abbreviations, acronyms & symbols
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Abbreviations, acronyms & symbols

CoA Coarctation of the aorta
vsD Ventricular septal defect
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Table 1. Patient metadata of the ten operated patients.

Patient Age  Gender  Thrombi Myoc. Revasc. IABP  Outcome Funcional Class
1.CFC 69  Female Yes S-DPMLCX Yes 4 days Death
2.MSM 73 Female Yes - Yes 7 months Death
3.HM 58 Male No  SRCARLCX,MLDA No 8 years hid
4.AL 56 Male Yes  S-DP.S-DIAG,M-LDA  No 8 years hid
5.TGSS 49  Female No S-RCA,M-LDA Yes 8 years m
6.EZ 75 Male No S-DP, M-LDA No 8 years m
70T 62 Male Yes S-DP, M-LDA No 6 years 1

8. MDE 69  Female Yes  Mitral Prost, S-DP, SLDA  Yes 15 days Death
9.DQ 67 Female Yes S-LDA No 5 years 1
10.STZ, 74 Male Yes S-DP, S-LCX, M-LDA No 5 years 1

S=Saphenous vein, M=Mammary artery; Prost=Prosthesis; Myoc. Revast

=Myocardium Revascularization; LDA=Left

descending artery; LCX=Left circumflex, Diag=diagonalis; DP=descending posterior; IABP=Intra-aortic balloon pump
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Fig. 1 - A) First endocardial encircling suture around ihe
transitional zone between the scarred and normal ftissue; B)
Scar tissue plication using the same suture thread (this surgical
maneuver keeps the aneurysm neck occluded, preserving the
pyriform left ventricle shape); C) Second encircling suture
is tightened, completing the aneurysm occlusion; D) The

remaining scar tissue is oversewn with a running “out-out”
suture. to ensure hemostasis.
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Fig. 1- Complications and mortality in groups Before-CTA and CTA.
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Major complications 88.(26.5%) 52(33.1%) 36Q06%) 0007
ICULOS (days) 52282 64272 48284 0001
Hospital time (days) 147139 144:128 1482142 0651
Stroke 25(71.5%) 17(109%) 3(46%) 0045
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PO bleeding 57(172%) 32(204%) 25(143%) 0083
Acute kidney injury 7Q1%) 3(1.9%) 423%) 0560
tis 6(18%) 3(1.9%) 3(17%) 0605

AV block 824%) 2(13%) 6(3.4%) 0180
Amhytmia 37(111%) 15(96%) 2(126% 0243
Peumonia 24(72%) 1596%) 9(51%) 0090
Sepses 18 (54%) 1506%) 3(17%) 0001
Low cardiac output 17(51%) 8(5.1%) 9(5.1%) 0502
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Myocardial ischemia 2(06%) 0(0%) 2(11%) 0277

ICU=mtensive care unit; CTA=Canter for the treatment of aorta; AV=atrioventricular; LOS=lenght

of stay: PO=postoperative





OPS/images/a08img06.png
Authors' roles & responsibilities

FAA Data collection. statistical analysis. data interpretation and
witing of the manuscript
1aS Manuscript writing

CRC Manuscript feview






OPS/images/a09img01.png
ASN0C §_ ERSMCHNE CORACAS CHNICICNNICE. Sy RS- VASGs: SRXTIuSmg () S gpeny.

Overall Before CTA TR 7
NCe) 332 157 (473%) 75 G2.7%)
Age (vears) 5814 5613 6015 0013
Male gender n (%) 214 (64%) 105 (49%) 109 (51%) 024
Disease

Aneurysm 175 (52.7%) 65 (41.4%) 110 (62.9%)

Dissection 150 (45.2%) 91(58.0%) 59(337% <0001
Coarctation 3(09%) 1(0.6%) 2(11%)

Penetrating ulcer 3(09%) 0(0%) 3(1.7%)
Previous CV surgery 54(23.2%) 12(19.7%) 42(244%) 0285
High blood pressure: 197 (84.5%) 48 (78.7%) 149(866%) 0104
Diabetes 17 (73%) 0(0%) 17 (99%) 0005
Chronic kidney disease 40 (17.2%) 13213%) 27(15.7%) 0209
Myocardial infarction 16(69%) 6(98%) 10(58%) 0215
Cerebrovascular disease 23 0.9%) 8(13.1%) 15 (87%) 0226
Smoking 97 (41.6%) 31(50.8%) 66 (38.4%) 0062
corD 48 20.6%) 18 29.5%) 30(174%) 0037
Carotid disease 8(4%) 0(0%) 8(47%) 0084
Heart failure 71 (3L7%) 28.(45.9%) 43 (264%) 0005
Hemoglobin (mg/dl) 12620 12521 12619 0636
Creatinine (mg/d)) 144114 14212 14411 0938
Glucose (mg/dl) 104220 9420 110:31 <0.001
Body mass index (kg/nr’) 25746 255235 257:48 0777
Aortic size (mm) 6055161 669142 5865162 0006
Urgent surgery 85 (25.6%) 56 (35.7%) 20(166% <0001
Bypass time (min) 147:56 1451 148262 0532
Ischemia time (min) 82:36 7837 85235 0110
Circulatory arrest (min) 20175 3814 18214 <0.001
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Fig. 2 - Gross cross sectional examination of the area of
coarctation and aneurysm formation (left side) (black arrows
indicate the area of coarctation and white arrow heads indicate
the area of aneurysm formation). Hematoxylin eosin stained
section revealing the zone of transition between the area of
coarctation and aneurysm (right side) (x40 magnification)
(black arrow indicates the area of coarctation and white arrow
head indicates the area of aneurysm formation. Basophilic
degeneration and vacuole formation were remarkable
indicated with white arrow).
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mortality after aortic surgery.
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Aneurysm location
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Thoracoabdominal 15 (134) 2459  3.11-1941 0002
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Independent predictors of n-hospital death inmultivariable analysis
are marked inbold leters. Logistic regression model was adjusted for
the following covariates: period (CTA), aneuwrysm location, disease,
typeafdissection, reintervention, hemoglobin, aortic sizeand bypass
time. OR=odds ratio: 95%CI=95% confidence interval.
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Fig. 1 - Coarctation and saccular aneurysm formation in the
descending aorta in cardiac catheterization (left side - arrow).
Saccular aneurysm embracing the segment of coarctation in the
descending aorta, operative view (right side - arrow)
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Fig. 2 - Mortality according to urgency and to disease subgroups.
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Abbreviations, acronyms & symbols

CABG. ‘Coronary Artery Bypass Grafting

ccs 3 Canadian Cardiovascular Society Angina
Classification.

copD. Chronic obstructive pulmonary disease

CPB Cardiopulmonary by-pass.

LVEDD Left ventricular end diastolic diameter

NYEA ‘New York Heart Association

TEE Transesophageal echocardiography
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Abbreviations, acronyms & symbols

CPB. Cardiopulmonary bypass.
14D Left anterior descending artery
A Left internal mammary artery






OPS/images/a30img04.png





OPS/images/a30img07.png





OPS/images/a30img06.png
 Authors’ roles & respons

ISC

B

“Final approval of he mamuscript conception and stdy
design, performed procedures, and/or experiments, writing
of the mamuseriptor review of fs content.

‘Final approval of manuscript conception and sty design.
‘performed procedures, and/or experiments, writing of the.

‘manuscript or review of ifs content.






OPS/images/a09img09.png
Abbreviations, acronyms & symbols

Aaa Abdominal aortic aneurysms
Amr Acute myocardial infarction
ARF Acute renal failure

CABG Coronary artery bypass grafting
CAD Coronary artery disease

coPp Chronic obstructive pulmonary disease
cPB Circulatory bypass

CRF Chronic renal failure

CTA Center for Aortic Surgery

cva Cerebrovascular accident

DM Diabetes mellitus

cU Tntensive Care Unit
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Fig. 2 - The route of the continuous cotton thread that is
placed around the surgical incision before opening the chest
in the G2 rats.

* Group 2 (G2), Skin (A), latissimus dorsal muscle (B),

pectoral muscle (C), skin (D), skin (E) of the other incision
edge, pectoral muscle (F), latissimus dorsal muscle (G), and
skin (H), 4™ intercostal space (I)
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two groups of rats in whom an acute myocardial infarction (AMI) was created.

Amaesthesia Protocol Group 2 (a=40)
Tahafation Anaesthesia Talothane (facial mask)
Dissociative Anaesthesia not given
Muscle Relaxant not given
Intraoperative Analgesic Meperidine Sme/kg IM
Postoperative Analgesics ‘Morphine 1mg/kg SC,
three times per day
for 48 hours
Flunixin 2 Sme/ke SC.
once a day for 48 hours
Antibiotic Enrofioxacin 10mgkg IM,
‘once daily for 4 days
Anticholinergic* Atropine 40pg/kg IM
Diuretic* Furosemide 1-4me/kg IM
Positive Inotrope™ Adrenaline 0.04-0 2mg/kg IM

IM=mtramuscular route of administration; IP= intraperitoneal route of administration; SC=subcutaneous route
of administration; n=sample size. (*) Rats which developed adverse cardio-respiratory and renal effects following
the creation of an AMI were treated with atropine, furosemide and adrenaline, if necessary
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Fig. 1 - Nasal respirator for manual ventilation of the G2 rats during

the thoracotomy and occlusion of the left anterior descending branch
of the left coronary artery
*Group 2 (G2)
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Abbreviations, acronyms & symbols

AMr Acute myocardial infarction
EDA End diastolic area

EDV End diastolic volume

EsA End systolic area

ESV ‘End systolic volume.

G1 Group 1

G2 Group2

HR Heart rate

™ Intramuscular

® Intraperitoneal

LADCA Left anterior descending coronary artery
LVEF Left ventricular ejection fraction
sD Standard deviation

SHAM Control group
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Variables IVEF(%) _ ESV(ml) EDV(uL)  ESA(a) EDA(w)  HR (bpm)
Gl @) 280 054 074 9] 123 584
=02 =012 0,09 =035 =01 =16
G2 (06) 265 055 074 101 123 2552
=61 =012 =013 012 =011 =02
SHAM(-14) 616 023 059 059 10 273
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LVEF=gjection fraction of the left ventricle; ESV=end systolic volume; EDV=end diastolic volume; ESA=end
systolic area; EDA=end diastolic area; HR=heart rates; bpm=beats per minute. Different letters between rows:

significant difference (P<0.05)
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Fig. 3 - Panoramic photomicrographs of the cross-sections of the heart from a SHAM rat
(4), a GI rat (B), and a G2 rat (C).

*Inthe G1 and G2 rats, a transmural infarct is observed on the free wall of the leftventricle.
Haematoxylin and eosin staining of cardiac tissue from a SHAM rat (41) in which no
myocardial infarct was observed, the myocardium is preserved and no histological alterations
in cardiac microarchitecture were found. Haematoxylin and eosin staining of cardiac fissue
ina GI rat (B1) and a G2 rat (C1) shows an organized area of cicatricial collagen (Coll)
in the transmural infarct of remanescent muscle fibres (F). Masson trichrome siaining of
cardiac fissue from a SHAM rat (42), a Gl rat (B2), and a G2 rat (C2) in which the muscle
fibres are stained red and the collagen is stained blue
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fable 1. Indications for carotid endarterectomy (125 procedures).

Signs and symptoms N %
Transient ischemic attack. o) 336
Cerebral infarction 14 2
Monocular blindness B 104
‘Transient (amaurosis fugax) 10
Permanent visual field defect 3

Asymptomatic carotid stenosis 56 48
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Dr: Adib Jatene and wife Aurice, companion of every hour for
more than half a century.
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1able 2. Climc data of the groups.

Group 1 Growp2  Pvalue

(a=269) (@=55)

Graft Count (mean) 2608 22208 0002
Preoperative Het 42745 419542 025
Postoperative Het 28321 28322 0852
Blood transfusion (Unit) ~ 0.9<1.1 1111 0319
Inotropic support 129@8%)  2006%) 0155
Ventilatory support (br) 38514 3817 0978
Chest tube drainage (ml) 443174 420178 0378
ICU stay (days) 114203 11803 0489

In-hospital stay (days) 43204 42204 0.600

Het=Hematocrit- ICU-

ternsive care unit
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Dr. Adib Jatene and their children, cardiac surgeons like him,
Fabio, Ieda and Marcelo.
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Group 1 (=269)  Group2 (n=55) P value

Age (mean) 313233 71638 02
BMI 262:47 277251 004
Smoking 161 (59.9%) 22 (40%) 001
LDL 175442 158417 0912
EF (%) 533272 527281 0701
DM 59 (22%) 29 (53%) 00001
HT 50 (19%) 16 (29%) 0098
corD 11¢%) 102%) 0698

DM=Diabetes Mellitus; EF=Ejection fraction; HT=Hypertension;
COPD=Chronic Obstructive Pubmonary Disease; LDL=Low Density
Lipoprotein: BMI=Body mass index
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Abbreviations, acronyms & symbols

Acc Aortic cross-clamping

BMI Levels, body mass index

CABG Coronary artery bypass graft

cap Atherosclerotic coronary artery disease
CoPD Chronic obstructive pulmonary disease
CPB Cardiopulmonary bypass

DM Diabetes mellitus

HT Hypertension

Hic ‘Pre- and postoperative hematocrit

1cu Intensive care unit

LDL Low-density lipoprotein

LIMA Left internal mammarian artery
LMCA Left main coronary artery

M Myocardial infarction
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Professor Adib Jatene personally operated
more than 20,000 patients
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Graft Count Group 1 (@=269) Group 2 (1=55)
One vessel 26(10%) 10 (18%)
Towo vessels 84 (31%) 25 (45%)
Three vessels 126 (47%) 17G1%)
Four vessels 30 (11%) 365%)
Five vessels 3(1%) 0

ACC time (mins) 37715 3332134
CPB time (mins) 6752236 6052225
IABP 0 1(18%)
LIMA 238 (88%) 42.(76%)

ACC=Aortic cross-clamping; CPB=Cardio-pulmonary
bypass; IABP=Intra-aortic balloon pump; LIMA=Left internal

mammarian artery
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The children Ieda, Marcelo and Fabio (doctors) and Iara
(architect).
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Age range MP o Pecemr  Medan (D)
1401—360 250 4 1333%  400(3.0000)
360/—580 470 6 2000% __ 400(22500)
30/—800 600 O  3000%  400(25000)
8001020 910 11 3667%  5.00(17500)

MP=Midpoint of the sample; n=Frequency; ID=Interqualitic
deviation (DIQ) of the sample
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ventricle groups.

Groups Sepment N Mean __ Standard deviation __ Minimum __ Maxinum
“Equatorial 5] 0812 60038 3936 74290
idDCM
Basal 1B 23330 2003743 19058 28734
‘Equatorial 1B 11266 2058366 748 17
NORMAL
Basal 13 17338 2452283 12359 21654

idDCM: Idiopathic dilated cardiomyopathy
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‘Table 2. Distribution of the valves in relation to sex.

Gender
Gsv. Male Female Pvalue
Average (ID) Average (ID)

e 5,00 (3.0000) 700 (3.0000) 323
Right 5,00 (2.0000) 5,00 2.0000) 095

'GSV=Great saphenous vein; ID=Interqualitic Deviation
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Authors’ roles & responsibilities

BMP

LR

CFSR

ACR

Participation in all phases of the experiment, since the
dissection fo the writing of article
Participation in all phases of the experiment, since the
dissection fo the writing of article
Participation in all phases of the experiment, since the
dissection fo the writing of article
Participation in all phases of the experiment, since the
dissection fo the writing of article
Participation in all phases of the experiment, since the
dissection fo the writing of article
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Abbreviations, acronyms & symbols

cPB Cardiopulmonary bypass
DM Mean diameter

Gsv Great Saphenous Vein

Lcs Left coronary system
LITA Left internal thoracic artery
MAA ‘Without ascending aorta

UNCISAL State University of Health Sciences of Alagoas
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Groups N Mean  Standard deviation _ Minium __ Maxioum
[dDCM jv) 083233 T3.76880 3735 T80T
NORMAL 13 972723 1640091 69.02 11800

RVR=Right ventricular ring. idDCM: Idiopathic dilated cardiomyopathy
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left ventricle groups.

Groups Segment N Mean __ Standard deviation __ Minimum __ Maxinum
“Apical &) T01.5862 332554 5639 8079

idDCM ‘Equatorial 13 1913458 3037638 14681 25445
Basal 13 1819777 3520137 14039 26137
Apical 13 5093 1870348 2362 8657

NORMAL  Equatorial 13 1203235 17.89946 9317 148
Basal 13 1166919 1500732 9342 1435

idDCM: Tdiopathic dilated cardiomyopathy
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Groups N Mean __ Standard deviation __ Minium __ Maxioum
[dDCM e 01915 1533305 9485 LTS
NORMAL 13 104.0046 1388195 75.77 12889

RVR=Right ventricular ring. idDCM: Idiopathic dilated cardiomyopathy
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e

Gropl  Group2  Pvalue

Nebivolol _Metoprolol
Requirement for lnotropes 11 (11%) 22 (22%)  0.057
IABP 00% 1% 1000
Ventilation time (hours) 73225 72229 0794
ICU stay (days) 26207 25209 0559
Surgical site infection 1%  10%) 1000
Re-exploration forbleeding ~ 3(3%)  1(1%) 0.6
or tamponade

Pleural effusion 36%  00% 024
DVT 1%  10%) 1000
Atrial Fibrillation 20Q0% 13(18%) 0718
Inotrope fequirementin  12(12%)  18(18%) 032
1cU

Hospital Stay (days) 71:14 74222 0388

IABP=Intra-aortic Balloon Pump, ICU-

tensive Care Unit;
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NE

MK

KD

oMD

BB

“Analysis and/or interpretation of data, statistical analysis, final
approval of manuscript

Final approval of manuseript, conception and study design,
conduct of operations, and/or experiments

Study design, conduct of operations, and/or experiments
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final approval of the manuscript, conception and study design,
conduct of operations, and/or experiments
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Abbreviations, acronyms & symbols

AF Atrial fibrillation

cPB Cardiopulmonary bypass

DVT Deep vein thrombosis

ECG Electrocardiogram

EuroSCORE (European) System For Cardiac Operative Risk
‘Evaluation Score

€U Intensive care unit

LMCA Left main coronary artery

™I Myocardial infarction

POAF Postoperative atrial fibrillation
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Groups N Mean  Standard deviation __ Minimum __ Maxinum
idDCM e 195032 133865 25 54
NORMAL 13 175873 1342513 029 4346

RVR=Right ventricular ring. idDCM: Idiopathic dilated cardiomyopathy
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Group 1 Growp2  PValue
Nebivolol __Metoprolol
00

N 00

Mean Age 67276 68458 021
Gender (Female) Q1) #(G4%) 036
Previous MI B@%)  46@6%) 067
Diabetes Mellitus 3161% — 8@8% 064
Hypertension 3%  BE% 021
Smoking 52(52%)  45@%) 039
CoPD 14 (14%) 8 (8%) 025
Hypercholesterolemia 58 (58%) ~ 66(66%) 024
Obesity BQ5%)  24(4%) 09

Renal Dysfunction 0(0%) 20%) 049
BMI 26041 266:44 0574
EuroSCORE 3552200 412228 0072
BSA 178016 175:016 0274

COPD=Chronic Obstructive Pulmonary Disease; BMI=Body Mass
Index: BSA=Body Surface Area
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Groups N Mean  Standard deviation _ Minimum __ Maximum
[dDCM e 210929 TL16968 73 B
NORMAL 13 18.1184 13.63213 126 50.78

LVR=Left ventricular ring- idDCM- Idiopathic dilated cardiomyopathy
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Sudy design, analysis and interpretation of data, approval of |
final version of the manuscript

study design, analysis and interpretation of dafa, approval of |
final version of the manuscript

Study design, analysis and interpretation of data, approval of |
final version of the manuscript

Data collection, analysis and interpretation of data; approval
of the final version of the manuscript
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of the final version of the manuscript
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Groups N Mean _ Standard deviation _ Mimimum __ Maxinum
[dDCM e 92332 419502 31 6073
NORMAL 13 38.5756 2151783 1343 88.89

RVR=Right ventricular ring. idDCM: Idiopathic dilated cardiomyopathy
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Growp1  Group2  Pvalue
Nebivolol _Metoprolol
N 00 00
Preoperative Mortality 4 0 1
Complete arterial
revascularization 36%  10% 062
LIMA usage 96(96%) 95(95%) 0733
Radial Artery usage 7% 4@%) 0352
Mean distal bypass number 240067 238069 0835
Cross-clamp fime (min) ~ 646=165 626+157 0423
Perfusion time (tmin) TAT=176 742+169 0838

LIMA=Left Internal Mammarian artery
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1able 6. Descnptive measures of vanables collagen fibers of LVK m 1dDCM and NOKMAL groups (percentage).

Groups N Mean  Standard deviation _ Minium __ Maximum
[dDCM e 22,0962 285746 T3 5955
NORMAL 13 33.4603 1475041 1485 50.55

L VR=Left ventricular ring- idDCM- Idiopathic dilated cardiomyopathy
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Group 1 Group2  PValue
Nebivolol _ Metoprolol

Nuniber of Diseased Vessels

One Vessel 38%) 8% 1000
Towo Vessel BET% S0S0%) 0479
Three Vessel @%@ 0477
LMCA disease 6(6%) 8E% 078
Right Coronary Disease 66 (66%) ~ 71(71%) 044
Carotid artery disease 10 (10%) 5G% 028
Previous PTCA B% 2% 013
Ejection fraction 50281 50986 0533
New M 6(6%) 17(17%) 0027
Unstable Angina 1B%)  21Q1%) 019

LMCA=Laft Main coronary Artery Disease; PTCA=Percutancous
Transluminal Coronary Angioplasty: MI=Myocardial Infarction
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cardiovascular surgery.
‘Atheromatosis Control P

(N=68) N=1974)

Demographics

Age (years) 658297 54315 <0.0001

Male 45 (66.2%) 1123 (56.9%) [3¥)

Weight (kg) 701128 6325142 031

Height (cm) 16410 170227 087

Previous cardiac surgery 229%) 219 (11.1%) 003

Functional class (NYHA)

] 48 (70.6%) 1015 (51.6%)

I 13 (19.1%) 570 (29%) 003

m 6(88%) 327(166%)

v 1(15%) 56.(2.8%)

Coronary artery disease 59 (86.8%) 1103 (55.9%) <0001

Acute coronary syndrome 16(235%) 371 (188%) 034

Myocardial infarction <304, 9(132%) 253 (128%) 092

Trunk lesion LC 1725%) 200 (10.1%) <0.0001

Number of affected vessels

1 3@4%) 96 (4.9%)

2 16(235%) 208 (10.5%) 008

3 40 (58.8%) 799 (40.5%)

LV ejection fraction 5774117 5882132 053

Pulmonary hypertension 0 157 (8%) 001

Carotid disease 3@4%) 34(17%) o1

Risk factors

Arterial hypertension 59 (86.8%) 1185 (602%) <0.0001

Diabetes mellitus 26(382%) 460 (234%) 0004

Dyslipidemia 33 (48.5%) 675 (343%) 001

Smoking 11(162%) 145 (74%) 0007

Comorbidities

Prior stroke 5(13%) 103 (52%) 044

Atrial fibrillation 2029%) 226 (11.5%) 002

Peripheral vascular disease 4G.9%) 25 (13%) 0.001

Endocarditis [ 582.9%) 015

Creatinine 100209 1321 008

Serum hemoglobin 133218 135210 052
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Fig. 3 - Example of cholesterol plague removed from the internal
carotid artery.
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surgery.
Variable Estimate=SE P OR CI95%
Atheromatosis
Tntercept 3242033 <00001

279 243-315
Age > 61 years 0512013 <0.0001

31 28-344
DAC 0572019 0002

226 182-27
SAH 0412019 003

315 283-346
Peripheral vascular disease 0572028 004

 Hosmer-Lemeshow test, P=0.09; C-statistic 0.77, CAD=coronary artery disease, Hypertension.
CAD=coronary artery disease; SH=systemic arterial hypertension
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Abbreviations, acronyms and symbols
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CAPPesq
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idDCM
iscDCM
DistAV-AP
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INCOR
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MAGPs
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SPSS
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WHO

Right veniricular ring
Left ventricular ring

‘Ethics Committee for Research Project Analysis
Dilated cardiomyopathy

Idiopathic dilated cardiomyopathy

Ischemic dilated cardiomyopathy

Distance of afrioventricular groove to the left
ventricular apex

Standard deviation

University of Sio Paulo

Clinics Hospital of the Faculty of Medicine,
University of Sio Paulo

hematoxylin-cosin

congestive heart failure

Heart Institute

Interational Society and Federation of Cardiology
Microfibrils associated with glycoproteins
Metalloproteinases

‘Weigert Resorcin-fuchsin with previous oxidation
by oxone

Statiscal package for the social sciences
Coroner’s Service of Sio Paulo

United States of America

‘World Health Organization
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Abbreviations, acronyms & symbols

Cvas Cerebrovascular accidents
ECG Electrocardiogram
EEG Electroencephalography

MAP Mean arterial pressure
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cardiovascular surgery.

“Atheromatosis Control ?
(N=68) (N=1974)

Hospital mortality 12(17.6%) TEG %) <0000
Stroke 7(104%) 4422%) <0.0001
Myocardial infarction 10(14.7%) 96 (4.8%) 00003
Sepsis 13.(19.1%) 136 (6.9%) 0.0001
Acute renal failure 12(17.6%) 81(41%) <0.0001
Prolonged mechanical ventilation 6(3.9%) 4422%) 00005
Intensive care unit stay (days) 3@:3) 20:4) 024

Length of stay (days) 15(8: 25) 11(7:19) 003
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Variable EstimatesSE P OR CI95%
AtheromatosisT
Tntercept 0312065 064

346 318-376
Atheromatosis 0.62:024 001

942 198-426
Ejection fraction 284:099 0004

38  193-535
Functional class TV 135204 00007

+ Hosmer-Lemeshow test, P=0.9; C-statistic 0.7
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1able 3. Distnbution of the occurrence of thrombosis in children of ASA and ACO groups, second phase.

ASA OAC Total
Preoperative period (Wistory of hrombus) % N % 0 %
present 4 267% 2 133% 6 200%
absent il 733% 3 86.7% 24 800%
Total 15 1000% 15 1000% 30 1000%
Immediate postoperative period.

present 4 267% 2 133% 6 200%
absent il 733% 13 86.7% 24 300%
Total 15 1000% 15 1000% 30 1000%
3 months after surgery

absent n 733% 2 80.0% 23 767%
death - - 1 67% 1 33%
Total 15 1000% 15 1000% 30 1000%
6 months after surgery

absent n 733% 2 80.0% 23 767%
death - - 1 67% 1 33%
Total 15 1000% 15 1000% 30 1000%
12 months after surgery

present 2 133% 1 67% 3 100%
absent ° 600% 10 667% 19 633%
death - - 2 133% 2 67%
Total 15 1000% 15 1000% 30 1000%
24 months after surgery

present 1 67% - - 1 33%
absent 8 533% 10 667% 18 60.0%
death - - 2 133% 2 67%
Total 15 100.0% 15 100.0% 30 100.0%
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1able 2. Surgical procedure performed on total cavopulmonary
anastomosis.

Surgical Procedure OACGrowp:  GrupoIT:
%) %)
Tsolated ECC T(33%)  DE0%)
Fenestrated ECC 1(666%)  3(20%)
ECC and Damus-Kaye-Stansel 2(13.33%) 0
ECC and Glenn Anastomosis 1(666%) 0
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Abbreviations, acronyms & symbols

CABG Coronary artery bypass graft

CoPD Chronic obstructive pulmonary disease
FEVI Forced expiratory volume in 1 second
FVC Forced Vital Capacity

A Tnternal thoracic artery

OPCAB Off-pump coronary artery bypass grafting

POD ‘Postoperative day






OPS/images/a23img01.png
1able 1. Drstribution of the general charactenstics of children of ASA and OAC groups.

ASa(@-15) __ OAC(-15) Total (a=30) P
8 533% 5 333% 1B 483% 0269
7 467% 10 66.7% 17 567%
48 58 53 0330
37 41 40
20 27 20
156 156 156
33 38 35
4267% 5 333% 9 300% 0026
8 533% 1 67% 9 300%
3 200% 8 533% 1 367%
- - 167% 133%
149 167 158 0102
150 160 155
1.0 20 20
190 230 230
23 36 31

“Chi-square test, *Mann-Whimey test, “Fisher s Exact test or its extension, Student’s “-test for ndependent
samples
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Fig. 1 - Flow diagram of the progress through the phases of a
ramdomized frial.
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Table 1. Chronic obstructive pulmonary disease stage classification
according to GOLD Guidelines

Stage T

mild COPD FEV,/CVF < 70% andFEV, > 80%

Stage IT

moderate COPD  FEV,/CVE < 70% and 50% < FEV,< 80%
Stage IIT

severe COPD FEV,/CVF < 70% and 30% < FEV,< 50%
Stage IV:
very severe COPD FEV,/CVF < 70% and FEV,< 30%

COPD = Chronic obstructive pulmonary disease; FEV,=Forced
expiratory volume in 1 second; FVC=forced vital capacity;
GOLD =Global Initiative for Chronic Obstructive Lung Disease
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Fig. 2 - Pulmonary function test values on the PODI, 3 and 5, in
percentage considering 100% preoperative baseline value.

Data are shown as mean = standard deviation. BMI=body mass
index; FEVI=Forced expiratory volume in 1 second; FVC=forced vital
intercostal insertion; SI=subxyphoid insertion.
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Table 2. Baselme patient characteristics.

Group T Group ST P
Variables ™=27) ™=29)

Age (years) 5922+11.73 56.66 1033 032
Gender (n)

Male/ Female 18/9 20/9 042
BMI (kg/m?) 2452356 26.12+4.61 024
Pulmonary function

FVC (L) 327+026 351=045 039
% predicted 98.2+21.70 101.25+2524

FEV, (L) 140£035 137+022 032
% predicted 4032+722 3821+9.07
Pulmonary shunt 0.03+0.03 0.04£0.02 0.10
fraction (%)

Surgery time (min) 3148+2978 309.4+2198 033
Grafts per patient (n) 271+042 262+0.77 039

Data are shown as mean = standard deviation. BMI = body mass
index; FEV, = Forced expiratory volume in 1 second; FVC = forced
vital capaci intercostal insertion; SI = subxyphoid insertion.
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STRATEGIES TO MINIMIZE ALLOGENEIC BLOOD TRANSFUSIONS PRE, INTRA AND POSTOPERATIVE

OPTIMIZE THE ERYTHROCYTE
MASS/COAGULATION STATUS

Diagnose and treat anemia
Iron, folic acid, vitamin B12
r-Hu-EPO (300-600 IU/kg weekly,
preferably IV)

Diagnose and treat thrombocytopenia
r-Hu-TPO: 300 IU/kg/day
Eltrombopag: 50-100 mg/day
Oprelvekin: 50 pg/kg/day
Human immunoglobulin: 200-400

mg/kg/day

Suspend anticoagulants and
antiplatelet agents

Selective laboratory evaluation

CBC with differentiation, erritin,
reticulocytes, vitamin B12, folate,
complete coagulogram, fibrinogen,
renal, hepatic and thyroid function
tests, and platelet function and
aggregation tests

Minimize diagnostic phlebotomies
Order tests or procedures that
‘would probably alter the treatment

Early nutrition

Protein supplementation
(oral/enteral/parenteral) to support
erythropoiesis

Additional preoperative planning

Consider combinations of intra and
postoperative blood conservation
methods if the surgery would result
in severe anemia

MINIMIZE THE BLOOD LOSS

Reduce routine phlebotomies
Perform only essential tests

Blood microsampling
Pediatric tubes for blood sample
collection in adults

Less traumatic surgical techniques
with moderate hypothermia and
meticulous hemostasis

Allow for moderate hypotension during
bleeding

MAP 50-65 mmHg or SBP 80-50
mmHg n normotensive patient

Hemostatic surgical instruments

Electrocaulery/eleclrosurgery, argon beaim
coagulator, bipolar orceps,radiofrequency
thermal ablation, laser

Systemic hemostatic agents
Tranexamic acid: 25 me/kg
EACA: 150 mg/kg (loading dose) and
10mg/ke/hr (maintenance 4to 5 hrs)
Vasopressin: 0.2-0.4 U/min (12 hrs)
Conjugated estrogens: 20mg IV

Agents that increase the coagulation
factors activity

Desmopressin: 0.3 ug/kg

Vitamin K: 10-20 mg (up to 50 mg/day)

Factor Vlla: 40-90 pg/ke

Factor XIlI: 20-35 U/kg/day

PCC:20-40 1U/kg.

HFC: 25-50 mg/kg

Topical hemostatic agents

Oxidized cellulose hemostat; tissues
adhesives/fibrin glue/sealants; fibringel; hemostatic
collagen; gelatin foam/sponge; plant based
polysaccharides; calcium alginate

Acute normovolemic hemodilution

Intraoperative blood recovery (cell
saver)/Autotransfusion

ANEMIA TOLERANCE

Individualize anemia tolerance:
principal strategy
The patient tolerates anemia
The doctor cooperates with the
patient in tolerating anemia

Optimization of oxygen delivery

Assess tissue perfusion and
oxygenation (regional and global)

Oliguria, decreased sensorium, lactic acidosis,
base deficit or excess, tachycardia, myocardial
ischemia, renal dysfunction

Increase the cardiac output
Optimize circulating volume
Volume expanders:

Crystalloids: 3 ml crystalloidsfor each
1ml of blood lost
Colloids: 1mi colloid for each

1ml of blood lost (maximum

1,500 to 2,000 mi/day)

Early oxygenotherapy:
hyperoxic ventilation, ventilatory
support and/or hyperbaric chamber

Minimization of oxygen consumption

Administer the lowest effective
dose for the lowest duration of analgesia
and sedation

Mechanical ventilation
Ventilate the patient with a high
fraction of inspired oxygen

Maintain normothermia
‘Warm hypothermic patients and
cool downfebrile patients

Fig. 2 - Flowchart with strategies to minimize allogeneic blood ransfusions and their adverse effects.
CBC - Complete blood count; EACA - epsilon aminocaproic acid; Factor VIIa - Recombinant activated factor VII; HFC - Human fibrinogen
concentrate; IV - Intravenous; MAP - Mean arterial pressure; PCC - Prothrombin complex concentrate; r-Hu-EPO - Recombinant human

erythropoietin; r-Hu-TPO - Recombinant human thrombopoietin; SBP - Systolic blood pressure
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Table 2. Main strategies to minimize surgical blood loss.

Research study Main strategies to minimize surgical blood loss
Chu et al® To eliminate daily roufine phlebotomies

Dech et al ® To minimize blood volumes withdrawn for diagnostic test (use small tubes)
Lamy et al 7 To avoid or reduce as much as possible the time of CPB

Zangillo et al 59 Mini-circuit systems in CPB reduce blood transfusions

Boodhwani et al &7
Van der Linden et al 5%
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Milas et al B
Abrishami et al 9
Menkis et al.

Carless et al ¥

Lin et al ¥

Nienaber et al 1
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Ferraris et al !
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Carless et al. 5%

Ultrafiltration reduces hemorrhage and blood transfusions
Moderate hypotermia (temperature during CPB between 30 and 32°C)

Arterial blood pressure at the lowest possible level that mantains tissue perfusion (MAP of 50-65 mmHg)
Meticulous hemostasis (fast and extremaly careful control of hemorrhages)

Topics hemostatics agents to control local bleeding

Pharmacological hemostasis with tranexamic acid or epsilon animocaproic acid

Desmopressin increases platelet adhesion and improves hemostasis

-FVIIa to control hemorrhages associated with thrombocytopenia, disorders of platelet function and pre-
existent or drug-induced coagulopaties

PCC to rapidly restore the clotting factors and to control major bleeding

Human fibrogen concentrate to replace fibrinogen and to control major bleeding

Human recombinant factor XIII to control major bleedings, when others hemostatic agents have not
‘produced satisfactory results

Acut normovolemic hemodilution is safe and cost-effective in reducing allogenic blood transfusion in

surgeriess
Intraoperative blood recovery (cell saver) in surgeries for autologous blood conservation

CPB=Cardiopulmonary bypass, MAP=Mean arterial pressure, PCC=Prothrombin complex concentrate, r-FVIIa=Recombinant activated

factor VIT
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Table 1. Mam estrategies to optumize the erythrocyte mass and coagulation status.

Research study Main estrategies to optimize the erythrocyte mass and coagulation
Drews(l To identify anemia, thrombocytopenia and coagulopathy

Goodnought's To treat iron deficiencies

Weltert et al 2 -Hu-EPO in the preoperative period for anemic patients

Corwin et al 2! Dose of 40,000 Ulweek reduces blood transfusions

Silverberg et al &4 Anabolic androgenic therapy can optimize the responses to r-Hu-EPO
Bussel et al. ] Eltrombopag stimulates trombocytopoiesis and reduces platelets transfusion
Wang et al £9 -Hu-TPO stimulates trombocytopoiesis and reduces platelets transfussion

r-Hu-EPO=Recombinant human erythropoietin, r-Hu-TPO=Recombinant human thrombopoietin
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HLHS Hypoplastic Left Heart Syndrome
PO Immediate postoperative.

PTE ‘Pulmonary thromboembolism
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