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    30 years of trajectory: Many challenges but also many reasons to celebrate

  

   

   

  Domingo M. Braile

  Editor-in-Chief - BJCVS

   

   

  This historical issue kicks off celebrations after 30 years of continuous publication of the Revista Brasileira de Cirurgia Cardiovascular, known today as the Brazilian Journal of Cardiovascular Surgery (BJCVS).

  These 30 years represent the history of our Society.

  The journal was founded by idealists led by Dr. Adib Jatene, and they represent the pioneers  of cardiac surgery in Brazil and South America.

  Professor Adib was the Editor-in-Chief for the first 10 years, from 1986 to 1996.

  Our current President followed in his footsteps, showing his permanent dedication to the Brazilian Society of Cardiovascular Surgery (BSCVS).

  Prof. Fabio Jatene was the Editor-in-Chief during 6 years, from 1996 to 2002.

  In 2002, I put myself at disposal and I have been the Editorin-chief since then.

  Due to our growth and complexity, our Associated Editors currently play a bigger role, in which they are responsible for the entire process of dealing with the articles they are attributed. The Editor-in-Chief still has the final word.

  Space limitations do not allow me to name every single person that has worked, without pay or advantage, for the greater good of the BJCVS.

  I ask all the coleagues to access at the journal’s webpage at www.bjcvs.org, in the “Editorial Board” session to see the names of those who throughout our history have gone to great lengths to create and maintain the BJCVS and that is why they deserve to be praised by all.

  In addition, at the end of every issue, all our reviewers are listed, to whom I pay tribute for sacrificing their leisure time not only to review the manuscripts, but especially to guide the authors who show potential, helping them conform to scientific methods, to the guidelines of the journal and standard language, thereby acting as professors.

  This kind of attitude has gradually improved the level of our publications, though we still have to improve our work.

  Changing the name of the journal on its 30th anniversary was a difficult decision, but a necessary one in order to meet the needs of a new international reality.

  Nowadays, English is the lingua franca of scientific communication.

  We could not be tied down by nostalgia, remaining unread and not understood by the international community.

  You are witness to the care we took to make this transition.

  First, as required by SciELO, PubMed etc., the abstract was published in Portuguese and English.

  Then, for a long time, we became a bilingual publication, which was very interesting, but also a demanding job since for every issue we actually published two “journals”, one in Portuguese and the other in English.

  The titles of the articles continued in Portuguese for some time, until we decided to publish them in English to call the attention of readers who did not understand our language.

  We also modified our submission system, which became fully in English to make it easier for researchers from other countries.

  Such measures had some effect as we have received articles from Portugal, Colombia, United States, Canada, Germany, Iraq, Iran, Mexico (where we are in a Portal similar to SciELO), and many from China and Turkey, but not enough to increase our citations and Impact Factor, which is now our main goal.

  We are in almost all international databases, allowing easy access to our articles, which is essential to attract readers, especially because our journal is completely free, both for authors and readers.

  The change in our designation to English required several démarches, both in Brazil and abroad.

  Finally, it became a reality, primarily because we had had the designation in English as a subtitle for a long time!

  Another question arose: whether to completely change our identity and remove the word “Brazilian”, following in the footsteps of many other publications that do not identify their country of origin.

  Many people helped us with this task, Professor Abel Packer, Director of SciELO, being one of them, who insisted we should not lose our national identity.

  I believe it was a wise decision. Brazil is much greater than the crises it faces. It is essential to show what we are capable of in order to stand amidst other nations.

  Among the advantages of producing our issues in only one language, there was an important byproduct: we went from quarterly to bimonthly publication, that is, six issues per year.

  I would like to call your attention to an important fact: every economic sacrifice has been made, but the new changes will have been in vain unless we publish work of proven scientific value.

  Dear colleagues, I ask you to ponder these terms. We have a modern tool in accordance with global standards; however, we will not fall within the scope of leading publications if our articles are mediocre.

  Our constant obsession with having a better impact factor and, as a result, a Qualis ranking compatible with our specialty, will suffer another drawback: due to the change of name, the BJCVS citation will be only in English and thereby counted by Thomson and Scopus from now on. These are problems to be faced in order to improve for the future.

   

  ARTICLES

  In this issue, there are 13 articles, six originals, three reviews, one clinical-surgical correlation, one brief communication, one experimental work, and a letter to the editor.

  Among these articles, we have four international studies Transposition of Great Arteries with Intramural Coronary Artery: Experience with a Modified Surgical Technique (page 15), from India; Comparison of Transcatheter Aortic Valve Implantation versus Surgical Aortic Valve Replacement to Improve Quality of Life in Patients >70 Years of Age with Severe Aortic Stenosis (page 1), from Turkey; and Aberrant Origin of Vertebral Artery and its Clinical Implications (page 52) and Myocardial Bridging (page 60), from China.

   

  CME

  In this BJCVS issue, the following articles are available to test the Continuing Medical Education (CME): “Results of Open and Endovascular Abdominal Aortic Aneurysm Repair According to the E-PASS Score” (page 22); “Congenital Heart Disease and Impacts on Child Development” (page 31); and “Double Aortic Arch Associated with Pulmonary Atresia with Ventricular Septal Defect” (page 63)

   

  BJCVS 30 YEARS

  It is with great joy that we also publish reviews celebrating our 30th anniversary, written with warmth by the following colleagues:

  Marcela da Cunha Sales, “The Evolution of Cardiac Surgery in Brazil and the BJCVS” (page 74); Vinicius José da Silva Nina, “The 30th Anniversary of the Brazilian Journal of Cardiovascular Surgery” (page 75); Rubens Tofano de Barros, “BJCVS: A Success Story” (page 77); Milton de Miranda Santoro, “The Myth of Atlas” (page 78); and Luiz César Guarita-Souza, “The Thirty Years of the Brazilian Journal of Cardiovascular Surgery” (page 79).

  In the next issues, we wish to have many more descriptions of the history of the Brazilian cardiovascular surgery, including the BJCVS.

   

  ACKNOWLEDGEMENT

  Among all the changes we have been through, there is one more: the resignation of Ricardo Brandau Quitete, who throughout the last 13 years helped us shape the profile of the journal. That is how life is, things change and we have to change along. All BSCVS partners and I can only thank Brandau for his dedication and work and wish him success in the new challenges to come.

   

  43rd BRAZILIAN CONGRESS OF CARDIOVASCULAR SURGERY

  From April 7 to 9, the 43rd Brazilian Congress of Cardiovascular Surgery will take place at Centro de Eventos do Ceará in Fortaleza, CE.

  Besides the scientific program, containing innovations that make it an all-around event, on par with similar international events, this year the Congress will mark the celebration of the 30th anniversary of the BJCVS.

  This year’s theme is “Innovation, New Horizons in Cardiovascular Surgery”.

  At the same time, the 6th Symposium of Nursing in Cardiovascular Surgery, the 6th Symposium of Physiotherapy in Cardiovascular Surgery, the 5th Academic Congress in Cardiovascular Surgery, the 34th Brazilian Congress of Cardiopulmonary Bypass, the Female Surgeons Meeting, and the Residents Meeting will take place.

  With the purpose of discussing the most recent advances in surgical techniques and the incorporation of new technology, we will have important international guests.

  The presence of several international guests consolidates the growth and fundamental integration of BSCVS with international Societies and values the essential exchange of knowledge. In addition, participants will enjoy moments with colleagues and family as well as leisure time visiting the beautiful capital of Ceará.

  I congratulate the Board of the BSCVS and the Organizing Committee, coordinated by Dr. Glauco Lobo, on the effort made so that the scientific program was interesting for all the Congress participants.

  On April 8th, from 10am to 12pm in Auditorium 7, there will be a meeting of the Editorial Board of the BJCVS with Associate Editors and Editorial Board members, also open to all members. We will address very strongly the issues that I mentioned above and it will be of great importance to have all suggestions and criticisms in this transitional phase, so that we can improve the journal and make it in accordance with the requirements of all Databases and aspiration of our readers around the globe.

  Warm regards,

  
    Domingo M. Braile

      Editor-in-Chief - BJCVS
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    Intramural coronary artery course in jatene operation for transposition of great arteries: Still a challenge

  

   

   

  Marcelo Biscegli Jatene; Leonardo Augusto Miana

  MD, PhD. Instituto do Coração do Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo (InCor HC-FMUSP), São Paulo, SP, Brazil. E-mail: marcelo.jatene@incor.usp.br

   

   

  The surgical treatment of transposition of the great arteries (TGA) is a well-established and routine procedure nowadays, the Jatene operation (arterial switch operation – ASO) being the treatment of choice for almost all cases of simple TGA and all other presentations, including TGA with ventricular septal defects, pulmonary stenosis and aortic arch anomalies.

  In developing countries, issues like late presentation and lack of neonatal care infrastructure are problems faced on a daily basis. Certainly, that interferes with surgical results. It is also known that anatomical aspects impose morbidity for a child with TGA that requires an operation. Coronary artery anomalies are on the top of the list of anatomical abnormalities and can affect early and late results[1].

  Considering all of the coronary artery anomalies described, one of the most frightening types for surgical translocation are the coronaries with intramural course[2]. In this edition of the Brazilian Journal of Cardiovascular Surgery, Mishra et al.[3] report an alternative technique to deal with intramural coronaries in TGA patients.

  For a surgical team that is planning a Jatene operation, previous and detailed information about coronary arteries anatomy is essential for an adequate operative plan. Usually, transthoracic echocardiogram provides that information, but in some cases, the surgeon identifies the anomaly while operating, during the initial dissection of the great vessels or, more frequently, after opening and examining the aorta and the ostia.

  Identifying a coronary intramural course during the operation is not a desired situation. The surgeon has to decide the best correction and strategy under such a great and unexpected pressure. In their paper, Mishra et al had to deal with this situation in every case, which affords more importance and relevance to the surgical team, considering the adequate results achieved[3].

  There are many surgical techniques described in the literature to treat intramural coronary arteries during a Jatene operation[4]. Almost all of them follow the philosophy of using the unroofing procedure for the intramural course and, often, separation of the coronary ostia, particularly when they arise very close to each other[4]. Then, right and left coronaries (after being unroofed) are translocated to different spots at the neoaorta.

  The absence of preoperative diagnosis is not uncommon and may cause eventual lesion during coronary dissection in intramural cases[4], mainly when the left coronary is committed by the intramural course. When the surgeon begins the ostial excision with no information or suspicious of an intramural course, the coronary can be damaged, with unpredictable surgical maneuvers to fix it. The use of an instrument to explore the coronary route is necessary when there is a possibility of coronary anomaly. The external view and inspection of a possible intramural course must be completed with a meticulous internal inspection and adequate definition of the trajectory and length of the intramural course. It is also safer and better to separate the coronaries when they are very close to each other and then reallocate them separately in a more favorable anatomical position in the neoaorta, avoiding kinking, stretching and torsion.

  The technique described by Mishra et al.[3], using intracoronary shunts inside the intramural course of the coronary artery, seems to be very useful, providing more safety in the unroofing procedure. We agree with the authors that we should have intracoronary shunts of different sizes available during a Jatene operation to provide an additional strategy to deal with such a challenging situation.

  We shall emphasize that the Jatene operation in the presence of intramural coronary arteries is a high-risk operation[4] and must be considered by a very well trained surgeon and surgical team, in a hospital with adequate experience and structure, in order to achieve the best result expected.
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    ABSTRACT

    OBJECTIVE: Transcatheter aortic valve implantation has recently been used in the treatment of severe aortic valve stenosis, particularly in patients with high mortality and morbidity rates for open surgery. The purpose of this study was to compare quality of life in patients over 70 years of age undergoing surgical or transcatheter aortic valve implantation, before the procedure and in the early post-procedural period.

    METHODS: Seventy-nine patients were included in the study, 38 (48.1%) male and 41 (51.9%) female. Mean age of patients was 74.3±5.2 (70-91) years. The surgical aortic valve replacement group consisted of 51 (64.6%) patients and the transcatheter aortic valve replacement group of 28 (35.4%). Quality of life data before the procedure and at the 3rd month postoperatively in patients aged 70 years and older undergoing surgical or transcatheter aortic valve implantation were assessed using the 36-item Short Form Health Survey form.

    RESULTS: Positive increases in physical task difficulty (13.2±9.8 vs. 5.1±7.3) (P=0.001), emotional task difficulty (14.4±11.9 vs. 8.5±6.4) (P=0.035), and mental health (0.4±10.4 vs. 9.6±15.1) (P=0.001; P<0.01) scores in patients undergoing transcatheter aortic valve replacement were significantly higher compared to the surgical aortic valve replacement group. No statistically significant difference was determined between the groups in terms of pain, vitality, social function, physical function or general health scores in the preoperative and postoperative periods.

    CONCLUSION: The positive increase in quality of life parameters in the transcatheter aortic valve implantation group at the 3rd month postoperatively was significantly higher compared to the surgical aortic valve replacement group.

    Keywords: Aortic Valve, Surgery. Aortic Valve Stenosis. Quality of Life. Heart Valve Prosthesis Implantation.

  

   

   

  INTRODUCTION

  Aortic stenosis (AS) is a common valve disease and if left untreated, the prognosis of severe AS is poor. A surgical approach involving open heart surgery with low levels of mortality and acceptable long-term morbidity levels has been successfully applied in severe AS. Nonetheless, the risk of perioperative morbidity and mortality increases in elderly patients or those with accompanying diseases and they may be regarded as inoperable.

  Transcatheter aortic valve implantation (TAVI) was initially introduced by Cribier and colleagues and, currently, TAVI represents a valid therapeutic option for patients with severe aortic stenosis who are inoperable or are at very high risk for conventional surgery[1,2]. TAVI is performed using one of two different approaches: the retrograde transfemoral (TF) approach via the femoral artery or the antegrade transapical (TA)[3].

  Quality of life is a subjective perception regarding an individual’s state of well-being, depending on sociocultural structures[4]. Multidimensional evaluation of quality of life in terms of physical, psychological and social functioning is reported to be a good marker of an individual’s health status[5].

  Various scales can be employed in the evaluation of patients’ quality of life and health outcomes. One of the most widely used is the Medical Outcome Study Short Form-36 (SF-36). This is an easily applied test that provides important information about quality of life assessment in patients undergoing open heart surgery and percutaneous cardiac procedures[6]. SF-36 consists of 36 items, including 8 separate health-related dimensions. The form is divided into the following domains: physical function (10 items), social function (2 items), task restrictions due to physical problems (4 items), task restrictions due to emotional problems (3 items), mental health (5 items), vitality (4 items), pain (2 items), and general health (5 items). The items in SF-36 inquire into positive or negative status concerning health and are assessed based on the preceding 4 weeks. Item scores are coded for each dimension and converted into a scale from 0 (worst health status) to 100 (best health status). There have been limited data concerning the contribution to patients’ quality of life of TAVI.

  The purpose of this prospective study was to use the SF-36 test to assess quality of life in patients over 70 years of age undergoing aortic valve replacement (AVR) or TAVI due to AS in our hospital, before the procedure and at the 3rd postoperative month.

   

  METHODS

  AVR was planned on 79 patients aged over 70 diagnosed with advanced aortic stenosis between January and June 2014. Approval for the study was granted by the hospital’s research ethics committee. Participants were informed about the study and signed an informed consent form.

  All patients were assessed in terms of aortic structure, porcelain aorta, penetrating ulcer, and suitability of iliac arteries for catheter using computed tomography angiography. Patients were investigated in terms of age, sex, hypertension, diabetes mellitus (DM) and history of cigarette use, and parameters obtained from tests, analyses and examinations were scored using the European System for Cardiac Operative Risk Evaluation (EuroSCORE) risk scoring system. A hospital council, comprised of specialist cardiologists, anesthesiologists and radiologists, discussed every patient’s case and decided on the type of procedure to be performed.

  Only patients with advanced AS aged 70 or over were enrolled in the study. Patients with other cardiac procedures in the same session besides AVR were excluded.

  Severe AS was defined by the criteria used in the Placement of Aortic Transcatheter Valve (PARTNER) Trial[7]: an aortic valve area of <0.8 cm2 (or aortic valve area index <0.5 cm2/m2), a mean aortic gradient of >40 mmHg, or a peak aortic jet velocity of >4 m/s. All patients had a New York Heart Association (NYHA) functional class ≥2. The exclusion criteria included recent acute myocardial infarction (≤1 month), recent stroke or transient ischemic attack (within 6 months), congenital bicuspid aortic valves, preexisting prosthetic heart valve, severe ventricular dysfunction (left ventricular ejection fraction <20%), renal insufficiency (creatinine >3 mg/dL), and life expectancy of <12 months.

  Procedure

  Prior to both procedures, patients were informed about how the procedure would be performed and its possible risks. AVR using St. Jude Medical® Mechanical heart valve (St. Jude Medical Inc.; Minneapolis, MN, USA) and TAVI using the Edwards Sapien valve (Edwards Lifesciences, Irvine, CA, USA) were performed under general anesthesia and using standard procedures. Patients were taken to the intensive care unit after both procedures and remained there for at least one night. Patients with no complications and who improved on the first day were discharged.

  Quality of life assessment

  The SF-36 was used in the measurement and evaluation of quality of life. The SF-36 was administered to 51 patients scheduled for AVR and 28 patients scheduled for TAVI one day before and 3 months after the procedure, and quality of life status was recorded. Patients completed the form either alone or with the help of relatives.

  Statistical analysis

  Statistical analysis was performed on IBM SPSS Statistics 22 (IBM SPSS, Turkey) software. The Shapiro Wilks test was used to determine normal distribution of data. Descriptive statistical techniques were used to analyze the study data (mean plus standard deviation). In addition, the Mann Whitney U test was used to compare parameters between the two groups and the Wilcoxon signed test for intragroup was used for pre- and postoperative comparisons. Chi square test, Fisher’s exact chi square test and Yates continuity correction were used in the comparison of qualitative data. A value of P<0.05 was considered statistically significant.

   

  RESULTS

  Seventy-nine patients were enrolled in the study, 38 (48.1%) of them were male and 41 (51.9%) were female. Mean age of patients was 74.3±5.2 years (70-91). The AVR group consisted of 51 (64.6%) patients and the TAVI group of 28 (35.4%). In-hospital mortality occurred in four patients in the AVR group and in one in the TAVI group. A further one patient in the AVR group and 3 in the TAVI group died in the second month after discharge. One patient in the AVR group was still being monitored in the chronic intensive care unit after 3 months.

  Mean ages were 79.6±5.7 years in the TAVI group and 71.4±1.2 in the AVR group (P=0.001). Mean EuroSCORE values were 9.75±1.2 in the TAVI group and 5.65±0.8 in the AVR group (P=0.001). No significant differences were determined between the two groups in terms of demographic findings other than age and EuroSCORE (P>0.05). (Table 1)
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  Although preoperative physical task difficulty scores in the AVR group were significantly higher than those in the TAVI group (35.3±6.1 vs. 30.7±3.4; P=0.001), no statistically significant difference was observed between postoperative physical task difficulty scores. The level of positive change in physical task difficulty scores in the TAVI group was significantly higher than that in the AVR group (13.2±9.8 vs. 5.1±7.3; P=0.001) (Table 2, Figure 1).
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  There was no difference between AVR and TAVI in terms  of emotional task restriction in the preoperative period, but  the level of positive change in the TAVI group was significantly  higher than that in the AVR group (14.4±11.9 vs. 8.5±6.4; P=0.035)  (Table 2, Figure 1).

  Preoperative mental health in the AVR group was significantly higher compared to the TAVI group (38.2±5.8 vs. 34.7±4; P=0.001). However, the level of positive change in mental health scores in the postoperative period in the TAVI group was significantly higher compared to the AVR group (0.4±10.4 vs. 9.6±15.1; P=0.001; P<0.01) (Table 2, Figure 1).

   

  DISCUSSION

  The positive improvement in this study of patients with advanced AS aged over 70 in post-procedural physical and emotional task restriction scores in the TAVI group was higher than that in the AVR group. Although preoperative mental health scores in the AVR group were higher than those of the TAVI group, there was a very high increase in post-procedural mental health scores in the TAVI group. No significant differences in quality of life improvements were determined between the two groups in the other parameters, including pre- and postoperative pain, vitality, social functioning, physical functioning, and general health scores. Improvement in both disease-specific symptoms and general health has been observed following TAVI and AVR in patients with advanced AS. The effect on quality of life of procedural techniques has also been investigated in patients undergoing TAVI. Shorter recovery and higher levels of improvement in quality of life have been reported in patients undergoing transfemoral TAVI compared to those undergoing transapical TAVI requiring thoracotomy[8].

  Levels of improvement in quality of life in the postoperative period in patients unsuitable for transfemoral procedures and undergoing transapical were not higher than those in patients undergoing AVR. While a small thoracotomy incision is performed in the transapical approach, the absence of a positive change in quality of life that might be expected in transapical TAVI compared to classic AVR, which involves median sternotomy and cardiopulmonary bypass, may be attributed to greater length and severity of thoracotomy-related postoperative pain compared to those in sternotomy, resulting in greater restriction of the patient[8].

  The greatest benefit in quality of life following TAVI was observed in patients’ physical functions, and the least in body pain. Bekeredjian et al.[9] reported that TAVI had positive effects on quality of life in mental terms in patients aged over 80.

  In our study, the greatest benefit observed in the TAVI group was in general health functions and the least was in body pain. TAVI was also observed to bestow significant positive benefits in terms of mental health.

  One prospective study determined that quality of life at the 3rd month following TAVI increased significantly compared to the preoperative period; it also showed an increase in patients’ NYHA functional capacities[10].

  Age-related activity restrictions occur in patients aged 70 years and over. One study comparing preoperative and 6th month postoperative quality of life using SF-36 in patients with a mean age of over 70 undergoing AVR reported positive changes at the 6th month in physical functioning, social functioning, physical health-related task restriction, vitality, and health status. That same study also stated that functional capacity decreased from NYHA class 3 to class 1 in 82% of patients[11].

  Another study of patients at more advanced ages (80 years old or more) undergoing AVR reported a particular increase in functional capacities independently of age in the postoperative period in the great majority of patients. Significant improvements were also observed in general and mental health, social functioning, emotional task, and pain[12].

  In our study, significant, positive changes were determined in all parameters, apart from pain and mental health, in all the patients in the AVR group following the procedure.

  No significant difference has been reported between mortality levels in the 1st month and in the 1st year due to cardiac or any other causes following TAVI or AVR in patients with advanced aortic stenosis and high comorbidity[13].

  One study comparing quality of life values following TAVI and AVR reported that although the TAVI group was generally ahead in the 1st month, quality of life was generally similar between the two groups at the 6th and 12th months, and that the AVR group caught up with the TAVI over time[14].

  We think that studies performed at the 1st month may not produce sound findings since this includes the time when patients undergoing AVR are still in recovery. Quality of life values have been shown to increase rapidly in patients undergoing AVR after a 2-month recovery period and with sternum stabilization. This was also confirmed in our study.

  In terms of limitations, our findings are limited to the early period in patients undergoing TAVI and AVR. Additionally, SF-36 was used in the measurement and evaluation of patients’ quality of life. We used this form because it is easy to apply, contains easily understood questions and, in particular, determines the degree of dependence on another person in patients’ daily lives. The fact that, apart from assessment of quality of life, other tests such as hospital anxiety and depression scales were not administered represents another limitation.

  Advanced AS is a mechanical problem that can severely affect the individual, both mentally and physically. Whether this mechanical problem is overcome with AVR or TAVI, the procedures in both groups allow patients’ symptoms to be resolved, life expectancy to be extended and quality of life to be improved.

   

  CONCLUSION

  The increase in quality of life parameters in the TAVI group at the end of the 3rd month was greater than that in the AVR group. This may best be attributed to TAVI being a non-invasive method and there being no need for cardiopulmonary bypass during the procedure.
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    ABSTRACT

    OBJECTIVE: Compare the prognosis and complications of diabetic and non-diabetic patients undergoing isolated coronary artery bypass surgery at a hospital with a high surgical volume.

    METHODS: Data of patients who underwent coronary artery bypass surgery from June 2009 to July 2010 were analyzed. We selected diabetic and non-diabetic patients and evaluated their postoperative and long-term prognosis based on clinical complications. To reduce the disparity within the sample, statistical analyses were performed using propensity scores.

    RESULTS: We included 2,688 patients who underwent coronary artery bypass surgery; 36% of them had diabetes, their mean age was 62.1±9.49 years and 70% (1,884) of them were men. Patients with diabetes were older (63±9 years vs. 61±10 years; P<0.001), more often obese (BMI>25 kg/m2: 70.7% vs. 64.5%; P<0.001), dyslipidemic (50.4% vs. 41.1%; P<0.001), hypertensive (89.2% vs. 78.7%; P<0.001), and presented chronic renal failure (8.3% vs. 3.8%; P<0.001). They also presented higher rates of acute renal failure (5.6% vs. 2.7%, P<0.001), infection (11.4% vs. 7.2%, P<0.001) and mortality after one year (9.1% vs. 5.6%, P<0.001). Pneumonia was more common among patients with diabetes (7.7% vs. 4.0%, P<0.001). According to propensity scoring, 430 patients (215 diabetics and 215 non-diabetics) had a mean age of 61.3±8.97 years, and 21.2% (91 of 430) were women. However, diabetes was not an independent factor for poor prognosis.

    CONCLUSION: Patients with diabetes were at higher risk for postoperative complications and mortality after undergoing coronary artery bypass surgery. However, diabetes did not explain the poor prognosis of these patients after pairing this factor with the propensity score.

    Keywords: Diabetes Mellitus. Coronary Artery Bypass. Diabetes Complications. Cardiac Surgical Procedures. Comparative Study.

  

   

   

  INTRODUCTION

  Diabetes mellitus (DM) is considered to be one of the most prevalent diseases in the western world, constituting a true epidemic in urbanized societies. Its importance is related not only to the increasing incidence of the disease, but also to its extremely close relationship with atherosclerotic disease, which has a great impact on morbidity and mortality worldwide. Estimates of the World Health Organization show that worldwide prevalence of this disease may have an increase of 114% during the next 20 years, leading to the emergence of 330 million new cases[1]. Brazil is following this global trend, and is included among the 10 countries with the highest absolute number of individuals with DM[2]. In this context, it is necessary to remember that one of the main causes of mortality related to DM is cardiovascular disease (CVD), especially coronary artery disease, accounting for 60% to 80% of deaths among adults.

  Patients diagnosed with DM represent approximately 25% of all patients undergoing surgical or percutaneous revascularization procedures. They have a worse prognosis in relation to coronary heart disease compared with patients who do not have DM, as well as different prognoses when treated by percutaneous intervention with catheters or surgery. Coronary artery bypass grafting (CABG) is nowadays the preferable revascularization treatment of diabetic patients[3,4].

  In relation to surgical treatment, several studies revealed higher morbidity and perioperative mortality rates among patients with DM undergoing CABG. This finding is probably related to the occurrence of perioperative myocardial infarction, infections, respiratory failure, renal and cerebral complications, all of which prolong hospitalization in these patients[5-7]. Moreover, the presence of DM is considered to be an independent risk factor for postoperative mortality after CABG, with an odds ratio of 1.73 for cardiovascular death and 2.94 for overall mortality[8,9]. In Brazil, a study shows mortality as high as 11.8% in diabetic patients[10]. But another one with octogenarian patients did not found differences in mortality[11].

  This study aims to compare the prognosis and complications of diabetic patients with non-diabetic undergoing isolated CABG at a hospital with a high surgical volume.

   

  METHODS

  Patient evaluation was performed by collecting prospective data on patients undergoing CABG at our hospital from June 2009 to July 2010. Three senior nurses at the hospital were trained to collect these data using prespecified settings. Patients were included in the database if they fulfilled the following inclusion criteria: they were consecutive patients aged 18 years or older (no restrictions on sex or race) and had undergone CABG. Patients were excluded if they had undergone any other surgery, including cardiac surgery, in which isolated CABG or congenital cardiac surgery was not performed.

  From this sample, patients who underwent isolated CABG were selected, and this population was then divided into those with DM and those without DM. For these groups, postoperative prognoses with clinical complications, as well as long-term outcomes, were evaluated by telephone interviews; these interviews were conducted from the 30th day after surgery to one year after surgery.

  Among the clinical complications that occurred following CABG, the following variables were analyzed: perioperative acute myocardial infarction (AMI), neurological complications, pulmonary complications, infectious complications, cardiac arrhythmias, and multiple organ failure occurring within 30 days after the surgery.

  Clinical complications were defined as follows:

  
    • Perioperative AMI was defined as: prolonged pain (> 20 minutes); typical pain not improved by nitrates; elevation of cardiac enzymes (CK-MB or troponin > 0.2 micrograms/ml); or a new alteration in cardiac mobility or electrocardiogram series (at least two) showing new changes in the ST/T segment or new Q waves of at least 0.03 seconds or more than one-third of QRS in at least two contiguous leads;

    • Stroke (cerebrovascular accident) was defined as the persistence of motor deficit for more than 72 hours or coma for more than 24 hours;

    • Acute renal failure was defined as serum creatinine level greater than 2.0 mg/dl, two times greater than the preoperative level, or the necessity of dialysis by any method;

    • Infectious processes were defined as: Mediastinitis (defined as deep infection involving muscles, bone and/or mediastinum, fulfilling the following conditions: 1. open wound with tissue excision, 2. positive cultures and 3. treatment with antibiotics); surface of thoracotomy (infection involving thoracotomy and parasternal region fulfilling the following conditions: 1. open wound with tissue excision, 2. positive cultures and 3. treatment with antibiotics); superficial leg incision (infection involving the site of dissection of mediastinal veins fulfilling the following conditions: 1. open wound with tissue excision, 2. positive cultures and 3. treatment with antibiotics); and infections related to venous catheters and the urinary tract.

    • Pulmonary complications were defined as prolonged mechanical ventilation (i.e., the need for ventilation for more than 48 hours in the postoperative period), acute respiratory distress syndrome, pulmonary embolism or pneumonia (diagnosed by the following criteria: positive cultures of sputum, blood or pleural fluid; empyema; or chest X-ray with new infiltrates);

    • Cardiac arrhythmias that required intervention comprised atrial fibrillation, atrial flutter, paroxysmal supraventricular tachycardia and bradyarrhythmias;

    • Failure of multiple organs was defined as two or more systems with compromised functioning.

  

  All the hospital’s cardiac surgery teams agreed to provide data for the development of the database. The logistic EuroSCORE was individually calculated for all patients (preoperative risk score) and expressed as the average of the groups.

  The project was submitted and approved by the Ethics Committee of the Institution with CAEE number 43817015.2.0000.5483. Because this was a retrospective database survey, an informed consent form was not given to the patients. The data obtained from the database were confidentially treated by the research center.

  Statistical considerations

  Initially, all variables were descriptively analyzed. For quantitative variables, analyses were carried out by observing minimum and maximum values and calculating the mean and standard deviation. For qualitative variables, absolute and relative frequencies were calculated.

  To compare the averages of the two groups, we used Student’s t test[12], and when the assumption of data normality was rejected, we used the nonparametric Mann-Whitney U test[12]. To test the homogeneity between proportions, we used the chi-square test or the Fisher’s exact test[12].

  Propensity Scoring

  To minimize the bias resulting from collecting data at different times and in a nonrandomized way, and to balance the characteristics of patients within the sample, patients in the DM groups were combined using a propensity score, defined as the conditional probability of belonging to a determined group. This procedure corresponds to selecting patients from the diabetic group who were similar to patients from the non-diabetic group.

  First, a logistic regression model[13] was created using the variable group as the dependent variable. The most relevant confounders [sex, body mass index (BMI in kg/m2), chronic kidney disease (CKD), hypertension (HTN), previous cerebrovascular accident, congestive heart failure (CHF), endotracheal reintubation, and cardiopulmonary bypass support] were used as predictive factors, and the corresponding tolerance margin was a 0.05 logit. Next, paired cases were selected based on the propensity logistic regression score. This model was built based on a sample of patients paired by a propensity of 01:01, without substitution or repetition. The significance level used for the tests was 5%.

   

  RESULTS

  The study included 2,688 diabetic and non-diabetic patients who underwent CABG, with an average age of 62.1 years and 70% (1,884) males (Table 1). Patients with DM accounted for 36% (990 of 2,688) of the total population. Patients with DM were older on average (63±9 years vs. 61±10 years for non-diabetics; P<0.001), more were men (64.6% diabetics vs. 73.3% non-diabetics; P<0.001), and more were overweight, with the majority having a BMI>25 kg/m2 (70.7% diabetics vs. 64.5% non-diabetics, P<0.001). In addition, patients with DM were more often former smokers (42.0% vs. 38.4% of non-diabetics; P<0.001), dyslipidemic (50.4% vs. 41.1% of non-diabetics; P<0.001) and presented CKD (8.3% vs. 3.8% non-diabetics, P<0.001). Of these, the majority of patients were being treated with dialysis (28.1% of patients with DM vs. 14.1% of non-diabetics; P<0.043), had HTN (89.2% of patients with DM vs. 78.7% of non-diabetics; P<0.001), more often had a history of cerebrovascular accident (7.4% of patients with DM vs. 4.0% of non-diabetics; P=0.001), peripheral arterial disease (6.0% of patients with DM vs. 4.0% non-diabetics; P=0.017) and were more likely to present CHF (3.3% of patients with DM vs. 1.2% non-diabetics; P<0.001). The expected mortality rate calculated by EuroSCORE was also higher in patients with DM: 2.6±2.4 compared with 2.2±2.0 in non-diabetics (P<0.001).
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  In relation to medical treatment, diabetics had the highest rates of previous use of medications such as calcium-channel blockers (22.8% of patients with DM vs. 18.1% of non-diabetic patients; P=0.003), angiotensin-converting enzyme inhibitors (50.5% of patients with DM vs. 46.5% of non-diabetic patients; P=0.046) and angiotensin II receptor blockers (20.2% of patients with DM vs. 16.0% of non-diabetic patients; P=0.005), as shown in Table 2.
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  Intraoperatively, diabetic patients underwent more procedures with the support of extracorporeal circulation (88.9% of patients with DM vs. 85.6% of non-diabetic patients; P=0.016), and a higher percentage of deaths occurred during surgery in patients with DM (0.5%) than in non-diabetic patients (0%; P=0.007) as can be observed in Table 3.
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  In the postoperative phase, patients with DM required greater use of transfused blood products (66.6% vs. 60.4% of non-diabetic patients; P=0.001) and had higher reintubation rates (IOT-Re) (6.5% of patients with DM vs. 3.4% of non-diabetic patients; P<0.001) (Table 4). Blood glucose was monitored during the first 24 hours after surgery. Patients with DM had higher average levels of blood glucose (197.2±36.6 vs. 166.9±26.1 mg/ dL for non-diabetic patients; P<0.001) and used intravenous insulin at higher rates (30.6% vs. 16.0% for non-diabetic patients; P<0.001).
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  In terms of complications, the DM patient group showed higher rates of CKD (5.6% vs. 2.7% for non-diabetic patients; P<0.001), greater dialysis rates (2.2% vs. 0.7% for non-diabetic patients; P<0.001) and more infections (11.4% vs. 7.2% for non-diabetic patients; P<0.001), with mediastinitis (2.7% vs. 1.5% for non-diabetic patients; P<0.031) and urinary tract infections (3.2% vs. 1.2% for non-diabetic patients; P<0.001) being the most common (Table 5). Pneumonia was the most common postoperative infection, though it was not grouped in this study with the other infections: 7.7% of patients with DM vs. 4.0% of non-diabetic patients (P<0.001). Patients with DM also showed higher rates of mortality after one year, with a death rate of 9.1% compared with 5.6% in the non-diabetic patient group (P<0.001).
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  To elucidate the role of DM in causing the complications found in this study, we performed a propensity score analysis, whose results are shown in Table 6. In this analysis, a total of 430 patients were analyzed (215 with DM and 215 without DM) with an average age of 61 years, of which 21.16% (91 of 430) were female. DM was not found to be a separate, independent risk factor for poor prognosis among these patients. In relation to postoperative complications, renal failure (occurring in 1.4% of DM patients vs. 0.9% of non-diabetic patients; P=1.0) was not found to be a significant factor after pairing. Infectious complications developed in 7.4% of patients with DM compared with 6.5% of non-diabetic patients (P=0.705). Finally, the mortality rates in patients with DM were evaluated after 30 days and found to be 1.4% diabetics vs. 2.3% for non-diabetic patients (P=0.724); after one year, mortality rates in patients with DM reached 3.3% vs. 5.6% in non-diabetic patients (P=0.245).
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  DISCUSSION

  In this study, patients with DM had higher rates of mortality and morbidity (mainly renal disease and infectious) after CABG. However, after performing propensity scoring, DM was not found to be an independent predictive factor for these findings.

  Patients with DM who underwent CABG more often suffered from acute renal failure (5.6%). These data were confirmed by Adalsteinsson et al.[14] performed in their retrospective study, which enrolled 1,626 patients who underwent CABG surgery in Iceland from 2001 to 2012. They compared 261 (16%) patients with DM with 1,365 non-diabetic patients, and 14% vs. 9% of these patients, respectively, developed acute renal failure (P=0.02). In other analyses, Kubal et al.[15] showed that insulin-dependent DM was associated with an increased incidence of acute renal failure (adjusted odds ratio, 4.15; P=0.002).

  The predisposition of patients with DM to infectious complications after cardiac surgery has frequently been suggested by different authors[16-21] but with some exceptions[6,14,17,22], in which no trend of incidence was detectable. The main reasons for the predisposition to the cited infections are due to the strong association between DM and angiopathy, neuropathy and hyperglycemia. Diabetic patients present an increased risk for postoperative infections due to depreciated host defense mechanisms, such as impaired as wound healing and granulocyte function, decreased cellular immunity, impaired complement function, and reduced immune response, which may be influenced by the glycemic control[20-24].

  In addition to increasing the risk for postoperative infections in CABG, DM was associated with a significantly higher incidence of late mortality (up to one year) and related cardiac events. In our study, intraoperative mortality was also higher in patients with DM compared with non-diabetic patients (0.5% vs. 0%; P=0.007). Recent studies by Szabo et al.[25] e Kubal et al.[15] concur with our findings, reporting an intrahospital mortality of 2.6% and 2.4% for their DM patient populations, respectively. However, Kubal et al.[15], after adjusting the propensity score, showed that there was no longer a significant association between DM and hospital mortality, as in our study. Therefore, the 30-day mortality rate in our study was 4.1% in patients with DM vs. 2.9% in non-diabetic patients (P=0.105). Similar findings were also obtained by Szabo et al.[25], who reported a mortality rate 2.6% for DM patients vs. 1.6% for non-diabetic patients (P=0.15).

  Our study did not assess subtypes of DM patients, because DM type I (DM1) may have a higher severity, as demonstrated in another study[26], in which patients with DM1 presented a two-fold increase in the risk of death compared to that in non-diabetic patients, and DM type 2 patients had a small but significant increased risk of death than that of the same population. Another possible explanation for the null association between DM and mortality may be the low number of patients used in the comparison.

  The mortality rate did not remain an independent risk factor after the propensity score analysis. In our analysis, patients with DM presented more comorbidities, such as more-severe atherosclerotic disease and more complications. Therefore, they had a more urgent indication for surgery and a significantly higher usage of extracorporeal circulation, which can contribute to a greater chance of complications after surgery.

  This study had several limitations. First, this was an observational study, and we can speak of causality only in terms of association. At the time of data collection, this analysis had not been planned, and for this reason, this study was not able to evaluate the outcomes for specific types of DM. The fact that the data were collected from medical records may have affected the quality and completeness of the data, which depended on notes from health professionals. In addition, this study used a database from a single institution (one center), and although compiled by different surgical teams, this method limits the generalizability of our results.

   

  CONCLUSION

  Finally, we found that patients with diabetes were at higher risk for postoperative complications and mortality after undergoing CABG, however, in our study, diabetes did not explain the poor prognosis of these patients after pairing this factor with the propensity score.
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    ABSTRACT

    OBJECTIVE: Transposition of the great arteries is a common congenital heart disease. Arterial switch is the gold standard operation for this complex heart disease. Arterial switch operation in the presence of intramural coronary artery is surgically the most demanding even for the most experienced hands. We are presenting our experience with a modified technique for intramural coronary arteries in arterial switch operation.

    METHODS: This prospective study involves 450 patients undergoing arterial switch operation at our institute from April 2006 to December 2013 (7.6 years). Eighteen patients underwent arterial switch operation with intramural coronary artery. The coronary patterns and technique used are detailed in the text.

    RESULTS: The overall mortality found in the subgroup of 18 patients having intramural coronary artery was 16% (n=3). Our first patient had an accidental injury to the left coronary artery and died in the operating room. A seven-day old newborn died from intractable ventricular arrhythmia fifteen hours after surgery. Another patient who had multiple ventricular septal defects with type B arch interruption died from residual apical ventricular septal defect and sepsis on the eleventh postoperative day. The remainder of the patients are doing well, showing a median follow-up duration of 1235.34±815.26 days (range 369 - 2730).

    CONCLUSION: Transposition of the great arteries with intramural coronary artery is demanding in a subset of patients undergoing arterial switch operation. We believe our technique of coronary button dissection in the presence of intramural coronary arteries using coronary shunt is simple and can be a good addition to the surgeons’ armamentarium.

    Keywords: Heart Defects, Congenital, Surgery. Transposition of Great Vessels. Coronary Artery Disease. Ventricular Function.

  

   

   

  INTRODUCTION

  Transposition of the great arteries (TGA) is a congenital cardiac anomaly in which the aorta arises entirely or largely from the right ventricle and the pulmonary trunk arises entirely or largely from the left ventricle, also known as discordant ventriculoarterial connection[1]. It is the most frequent cyanotic heart disease diagnosed in newborns and it accounts for 5% to 7% of all congenital heart defects (CHDs), with a prevalence rate of 0.2 per 1000 live births. Arterial switch operation (ASO) is the operation of choice for TGA.

  The term “intramural coronary artery” refers to the coronary patterns in which there is an intimate relationship between aortic and coronary arterial walls; histologically, the aortic and coronary medial walls are attached without interposed adventitia[2]. Intramural coronary arteries are rare in patients with normal ventriculoarterial connections, but they are proportionally more common in TGA, with a reported incidence of 3% to 5%. The intramural artery usually originates from the wrong sinus and runs between the great arteries. Sometimes the intramural artery originates from its normal sinus, but above the sinotubular junction. These abnormal coronary patterns might complicate coronary transfer during ASO[2]. We present our modified surgical technique with a prospective analysis of the data.

   

  METHODS

  This prospective study was conducted at U. N. Mehta Institute of Cardiology and Research Centre for 7.6 years. After receiving approval from the institutional ethics committee, a total of 450 patients who underwent ASO from April 2006 to December 2013 were included in the study (Table 1). All of the patients were diagnosed with two-dimensional echocardiography. Two hundred and seventy six patients had TGA with intact ventricular septum (IVS), 141 patients had TGA with ventricular septal defect (VSD) (six of them had multiple VSD), and 33 patients had Taussig-Bing anomaly (one had multiple VSD). Three patients in the TGA/VSD group and two with Taussig-Bing anomaly had type-B arch interruption. Eighteen patients (Table 2) had intramural coronary artery (Figure 1), eleven of which were from the TGA/VSD group and seven from the TGA/IVS group (one was on prostaglandin infusion and two underwent balloon atrial septostomy on the 4th and 6th day of life). None of the patients from the Taussig-Bing anomaly group had intramural coronary artery. Similarly, none of the eighteen patients had preoperative diagnosis/suspicion of intramural coronary pattern. Eight patients with intramural coronary arteries had both left and right coronary arteries having intramural course arising from a single ostium from Sinus 2 (one  of them had a separate opening with kissing edges). The patients  with intramural course were operated on by a single surgeon.  The technique of separation of coronaries into two buttons was  used in all eighteen patients.
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  Morphologic and demographic characteristics of the patients with intramural coronary artery are given in Figure 1 and Table 3.
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  Statistical analysis

  The statistical calculations were performed using SPSS software v.20.0 (Chicago, IL, USA) Quantitative data were expressed as mean±SD whereas qualitative data were expressed as percentage. Survival statistics were performed using Kaplan-Meier survival curve.

  Technique (Figure 2)

  The standard technique of cardiopulmonary bypass and cardioplegic arrest was used (aortic and single right atrial cannulation for TGA with IVS and bicaval cannulation for the TGA/VSD group; multiple dose ST Thomas cardioplegia was used in the first nine patients and Del nido cardioplegia in the other nine). The aorta was transected at the level of the pulmonary artery bifurcation and it was inspected from above (Figures 2A and 2B) in both sinuses for the presence of a separate origin of coronary arteries. Whenever the opening of the left coronary artery was not identified in Sinus 1, Sinus 2 was inspected for the opening of both coronaries. Usually, in cases of intramural coronary artery, the left coronary artery originates from Sinus 2 at the upper right side of the posterior commissure (Figure 1A). In eight patients, we found that both left and right coronary arteries had an intramural course, arising from Sinus 2 (Figure 2B) with a single opening; one patient had separate openings with kissing edges. The length of the intramural course of the right coronary was nearly 2-3 mm in all cases whereas the length of the intramural course of the left coronary was 4-6 mm (Figure 2C). We used coronary shunts (Synovis Life Technologies, Inc., St. Paul, MN, USA) to probe the coronary artery (Figure 2C) and to find its intramural course in the aortic wall. The posterior commissure was turned down and the stay stitch was placed with a 7-0/8-0 polypropylene suture at the opening of the intramural coronary artery, keeping the coronary shunt in situ (Figure 2D). The entire roof of the intramural coronary arteries was excised (Figure 2F) until the internal opening (Figure 2F) was identified. The bulbous end of the coronary shunt not only helped to identify the internal opening but also prevented any accidental injury to the coronary ostia. A similar procedure was done for the other (right) coronary artery (Figure 2E). Following unroofing, the aortic openings of the coronary ostia were identified in their respective sinuses (Figure 2F). The coronary buttons were excised in routine fashion (Figure 2G) and the proximal epicardial coronary artery was dissected for 2-3 mm to avoid any kink during relocation (Figure 2G). The margins of the coronary buttons were not smooth (Figure 2H) because of the tissue of the posterior commissure. In addition, the buttons of the left coronary were small, but could be comfortably relocated (Figure 2I) to the neo aorta. The left coronary artery was relocated using the punch hole technique in all patients. The right coronary artery was relocated using the trapdoor technique in sixteen patients while the punch hole technique was used for the remaining two patients. The posterior commissure was resuspended after proximal neo pulmonary artery reconstruction. A Lecompte maneuver was performed in all patients with intramural coronary artery. The redundant portion of the proximal neo aorta was plicated posteriorly to form a keel, if required, especially in patients in the TGA/VSD group. The neo aortic and neo pulmonary anastomosis were performed in routine fashion. All patients were weaned off bypass with a moderate dose of inotropes (Adrenaline 0.05 micrograms/kg/ minute and Milrinone 0.5 micrograms/kg/minute) without any difficulty. Mean bypass time was 148 minutes and mean cross-clamp time was 106 minutes in the TGA/IVS group. Mean bypass time was 166 minutes and mean cross-clamp time was 130 minutes in the TGA/VSD group. The chest was left open in eleven patients during the first operative day due to diffused bleeding and it was closed the next day. Postprocedure patients had stable hemodynamic course without any electrocardiogram (ECG) features of myocardial ischaemia.
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  RESULTS

  For the patient who had an accidental injury to the left coronary artery during dissection, though a 5 mm Gortex (W. L. Gore and Associates, Flagstaff, AZ) graft was used from the innominate artery to the single coronary button for coronary blood supply in a desperate attempt to save him, he died in the operating room secondary to bleeding and severe ventricular dysfunction. One seven-day-old newborn, who underwent TGA with IVS on Prostaglandin infusion and no intraoperative problems, had moderate left ventricular dysfunction on 2D echocardiography six hours after surgery, despite showing stable hemodynamic parameters without any ECG features of myocardial ischaemia. He died from intractable ventricular arrhythmia fifteen hours after surgery. Another patient who had multiple VSD with type-B arch interruption died from residual apical VSD and sepsis on the eleventh postoperative day. The rest of the patients did well in the immediate postoperative period. On every visit, the patients underwent ECG and 2D Doppler echocardiography. One patient had mild valvular pulmonary stenosis with a peak gradient of 20 mmHg and all other patients had patent coronary arteries without any evidence of regional wall motion abnormality, with good biventricular function and no valvular or supra valvular aortic/pulmonary stenosis or regurgitation. So far, none of our patients has undergone myocardial perfusion scan/angiography or any other intervention.

  Survival analysis

  The mean follow-up duration was 1235.34±815.26, whereas median was 1788.5 (4.9 years) (range 369 – 2730) days. Out of the 18 patients, overall mortality was observed in 3 (16.66%). The survival analysis was presented as Kaplan-Meier analysis and is shown in Figure 3.
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  DISCUSSION

  TGA is a common congenital heart disease seen in paediatric cardiac clinics. The ASO is the treatment of choice for patients with TGA. The term “intramural coronary artery” refers to the coronary patterns in which there is an intimate relationship between the aortic and coronary arterial walls; histologically, the aortic and coronary medial walls are attached without interposed adventitia[2]. The incidence of intramural coronary artery varies from 1.4% to 5% in various series[2,3]. Successful relocation of the coronary arteries is the most important step in ASO. Almost all kinds of coronary patterns can be relocated, however, the presence of an intramural coronary artery offers several surgical challenges and carries high mortality and morbidity[4-8]. A meta-analysis by Pasquali et al.[9] reported that the presence of an intramural coronary artery is associated with the highest mortality compared to any other coronary artery pattern, with more than a six-fold increase in mortality compared to the usual coronary arrangement.

  Diagnosis of intramural coronary artery in TGA using two-dimensional echocardiography is explained by Pasquini et al.[10]. In our experience, intramural coronary artery is always seen as an intraoperative surprise after aortic transection. However, the absence of conical projection of the coronary artery should always raise suspicion in the surgeon’s mind. Furthermore, if there is no left coronary artery ostium in sinus one after aortotomy, the surgeon should strongly suspect there is an intramural left coronary artery[11]. In our series of patients, we have come across eight patients with a single ostial opening from Sinus 2 (one of them had kissing edges) with intramural course of both left and right coronary arteries, which is very rare[2,12,13]. None of the patients in our series had supra commisural origin of intramural coronary artery.

  The single button aortocoronary flap technique for intramural coronary artery is associated with a high incidence of coronary complication, especially when the arrangement of the great arteries is anterior and posterior. In that case, the neo pulmonary artery may compress the coronary button and it can cause myocardial ischemia in the immediate postoperative period and, in the long term, there is a possibility of coronary arterial stenosis when the covering tissue does not grow or shrink[2,11]. We have no practical experience with the single button technique.

  We believe that the creation of two buttons and the transfer of the coronary button to the neo aorta in usual fashion is more physiological, preventing any early or late coronary artery compression and related complications.

  The successful surgical treatment for bilateral intramural coronary arteries has been reported earlier[12,13]. Our technique of creating two buttons and transferring them in usual fashion is a technical modification of the technique described by Asou et al.[14], and we believe that the incidence of accidental injury to coronary artery is least with our technique.

  Our technique of using coronary shunts for identifying the course of the intramural coronary artery and its unroofing is very useful, especially when there is stenosis of the ostium of the left intramural coronary artery. The color of the shunt (usually blue) can be seen (Figure 2C) through the aortic intima and the entire course of the intramural portion of the coronary artery can be delineated. The stay stitch (Figure 2D) provides full control over intimal tissue flap and helps in the unroofing up to the distal portion of the intramural segment. As the coronary shunts are atraumatic and are easily available in various sizes, probing of the intramural coronary artery with metallic coronary probes should be avoided since they may cause trauma to intima as well as dissection and the possibility of late ostial stenosis. In the past, we have also reported the use of coronary shunts for giving ostial cardioplegia[15]. The bulbous end of the shunt obliterates the internal opening of the coronary artery and prevents it from any accidental trauma during unroofing while the entire length of the coronary shunt prevents any accidental injury to the tissue around the coronary ostia. We have observed that, with our modified technique, the distal portion of the intramural segment (where the coronary artery actually leaves the aortic wall) can also be opened, which remains potentially stenotic.

   

  CONCLUSION

  ASO is a preferred operation for TGA. However, performing arterial switch in the presence of intramural coronary artery is still challenging in pediatric cardiac surgery, even in experienced hands. Our technique is simple, atraumatic, and it helps to outline the course of intramural coronary arteries, to unroof the intramural coronary artery and to create two buttons. We have observed that, with our technique, ASO in the presence of intramural coronary artery can be performed in routine fashion with acceptable results.
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    ABSTRACT

    INTRODUCTION: Endovascular repair (EVAR) of abdominal aortic aneurysm has become the standard of care due to a lower 30-day mortality, a lower morbidity, shorter hospital stay and a quicker recovery. The role of open repair (OR) and to whom this type of operation should be offered is subject to discussion.

    OBJECTIVE: To present a single center experience on the repair of abdominal aortic aneurysm, comparing the results of open and endovascular repairs.

    METHODS: Retrospective cross-sectional observational study including 286 patients submitted to OR and 91 patients submitted to EVAR. The mean follow-up for the OR group was 66 months and for the EVAR group was 39 months.

    RESULTS: The overall mortality was 11.89% for OR and 7.69% for EVAR (P=0.263), EVAR presented a death relative risk of 0.647. It was also found a lower intraoperative bleeding for EVAR (OR=1417.48±1180.42 mL versus EVAR=597.80±488.81 mL, P<0.0002) and a shorter operative time for endovascular repair (OR=4.40±1.08 hours versus EVAR=3.58±1.26 hours, P<0.003). The postoperative complications presented no statistical difference between groups (OR=29.03% versus EVAR=25.27%, P=0.35).

    CONCLUSION: EVAR presents a better short term outcome than OR in all classes of physiologic risk. In order to train future vascular surgeons on OR, only young and healthy patients, who carry a very low risk of adverse events, should be selected, aiming at the long term durability of the procedure.

    Keywords: Postoperative complications. Surgical Procedures, Operative. Aortic aneurysm, abdominal. Endovascular Procedures.

  

   

   

  INTRODUCTION

  Recently, Silva[1] published an editorial reflecting on the cost/benefit and technical aspects in order to choose the best option between open (OR) and endovascular (EVAR) procedures in the repair of abdominal aortic aneurysms (AAA). Case series and randomized clinical trials comparing the results between OR and EVAR demonstrate that there is a reduction in the 30-day mortality associated with the less invasive technique[2-6]. Firwana et al.[7] reviewed six randomized clinical trials and concluded that the risk of death from the procedure is reduced to one third (RR 0.35 95% CI 0.19-0.64) using the endovascular technique. In the most recent Cochrane Library review[8] the same results were found with a relative risk of death of 0.33 (95% CI 0.20-0.55) using the endovascular technique. Nonetheless, OR presents good long-term results and lower incidence of reinterventions[9-13]. The objective of this paper is to review the morbidity and mortality associated with the repair of the AAA in two series of patients submitted to OR, and EVAR, in a public university hospital. For a better evaluation of the clinical benefit, the patients were classified according to the physiologic risk component of the E-PASS (Estimation of Physiologic and Surgical Stress)[9] score. Based on the results, the authors present their opinion regarding the actual indications for OR.

   

  METHODS

  This is a retrospective cross-sectional observational study with data extracted from the patients' hospital charts submitted to AAA repair in a public university hospital located in the countryside of the State of Sao Paulo. The patients were submitted to open AAA repair (OR) from February 2000 to September 2013 and to endovascular AAA repair (EVAR) from June 2005 to June 2013, when this technique was introduced into the hospital practice. Patients with a diagnosis of ruptured abdominal aneurysm or inflammatory abdominal aneurysms were excluded from the study because they cannot be evaluated by the adopted risk score. All patients whose hospital charts data were not complete were also excluded from the study, resulting in the inclusion of a total of 286 patients submitted to OR and 91 patients submitted to EVAR. The mean time of follow-up for the OR group was 66 months and for the EVAR group was 39 months.

  Table 1 presents the demographic data of the study groups. A significant difference was found between groups regarding age (68.3 years old in the OR group versus 73.8 years old in the EVAR group, P<0.0001), pulmonary risk (8.74% risk present in the OR group versus 47.25% risk present in the EVAR group, P<0.001), and presence of renal disease (17.55% risk present in the OR group versus 30.77% risk present in the EVAR group, P=0.0035). Patients submitted to EVAR also had a higher American Anesthesiology Society (ASA) risk classification (16.78% of patients with ASA 4 in the OR group versus 40.66% of patients with ASA 4 in the EVAR group, P<0.0001).
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  The physiologic risk classification (Physiologic Risk Score – PRS) was done by adopting the same criteria previously published by Menezes and Souza[9], using the E-PASS score originally published by Haga et al.[15]. This risk score varies from zero to a value of 1.2. Higher values correspond to a higher risk of postoperative complications. For OR, the value of 0.4 is considered low risk. Figure 1 presents the distribution of patients according to surgical technique and PRS classification. There was a significant difference between the two groups, with the EVAR group presenting a higher risk (mean PRS 0.54±0.21 for OR versus 0.69±0.25 for EVAR, P<0.0004).

  Surgical morbidity was evaluated based on the classification proposed by Tang et al.[16]. According to their classification, zero represents no postoperative complications. The value of one represents a minor complication limited to the incision or that does not need medical intervention. The value of two represents complications that require medical intervention but does not need artificial support. The value of three represents complications that require artificial support to maintain vital organ function (lung, kidney or cardiac). The value of four represents the in-hospital death of the patient, even if it happens after the 30th postoperative day. The duration of the surgical procedure, the intraoperative blood loss and the length of the hospital stay were also tabulated.

  All data was inserted into a data bank (Microsoft Accesss 2003) and submitted to statistical analysis by the Institution’s Statistical Support Group. The exploratory data was presented as frequency, percentage, mean, standard deviation, minimum and maximum values. The comparison between groups for the numeric data was performed with the Mann-Whitney test and for the categorical data the Qui-Square or the Exact Test of Fisher were used. Sensibility and specificity of the PRS were evaluated with Receiver Operating Characteristic (ROC) curves. A 5% significance level was adopted. This work was approved by the Institution’s Ethics Committee on July 23rd 2013, receiving the identification number 343.087.

   

  RESULTS

  Table 2 presents the results of the intraoperative blood loss, surgical procedure and hospital stay duration, PRS value, global mortality (category 4), major complications (category 2) and the need of artificial mechanical support (category 3) for the OR and EVAR groups, all values achieved statistical significance, when compared between groups.
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  EVAR presented a smaller intraoperative blood loss (597.8 mL for EVAR versus 1,417.5 mL for OR, P<0.001), a shorter operation time (3.6 hours for EVAR versus 4.4 hours for OR, P<0.001) and a higher physiologic risk classification (0.69 EVAR versus 0.54 OR, P<0.001). Hospitalization time could be considered equal for the two groups, (9.4±10.7 days for the EVAR group versus 8.7±10.6 days for the OR group) even though there was statistical difference among them (P=0.0244).

  Global mortality was 11.89% for the OR and 7.69% for EVAR (P=0.263). Even though there was no statistical difference, the mortality of the EVAR group was 35.3% lower than the mortality of the OR group (RR=0.647). It is important to note that the EVAR group presented a higher percentage of patients in the higher physiologic classification risk (30% in the OR group versus 57% in the EVAR group). There was no statistical difference between the groups regarding complications that required medical intervention (value of 2 according to Tang et al.[16]). All patients submitted to EVAR that required artificial support in this casuistry died, resulting in no patients in this category (value of 3 according to Tang et al.[16]). In the OR group 12 (4.2%) patients were in this category.

  Table 3 presents the results of morbidity according to the classification of the physiologic risk of the patients, comparing the OR and EVAR groups. For the OR group 69.6% of the patients were included in low risk groups 0.2 to 0.6 of PRS, and only 42.6% of the patients submitted to EVAR were in these risk groups.
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  Value zero represents no postoperative complication, value one represents a minor complication limited to the incision or that did not need medical intervention, value two represents complications that required medical intervention but did not need artificial support, value three represents complications that required artificial support to maintain vital organ function (lung. kidney or heart), value four represents the in-hospital death of the patient, even if it happened after the 30th postoperative day[16].

  Figure 2 presents the results of surgical mortality according to physiologic risk (PRS). In the lower surgical risk group (PRS<0.6) the mortality in the EVAR group was 46% of the mortality in the OR group. As the physiologic risk increases, there is an exponential elevation of mortality in the OR group. In the EVAR group an elevation of mortality also occurs, but it is kept between 33% and 46% of the mortality in the OR group. There was no mortality in the EVAR group for the patients with a very high physiologic risk (PRS > or = to 1), where the surgical mortality in the OR group is approximately 70%.
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  Figures 3 and 4 demonstrate respectively the percentage of patients that did not present a surgical complication and the percentage of patients that presented complications that required medical intervention and artificial mechanical support. As the physiologic risk increases the percentage of patients in the OR group that does not present any complication decreases proportionally, which is not seen in the EVAR group, probably related to the low seriousness type of complication found in the EVAR group, such as access site hematomas. Both groups presented an increase in complications that required medical intervention as the physiologic risk became greater, demonstrating that both groups represent patients that carry important co-morbidities besides the AAA. Figure 4 shows a lower complication rate of the OR group at the higher physiologic scores because most of the patients did not survive the procedure.
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  Mortality ROC curve (Table 4 and Figures 5 and 6) were generated for the PRS values in order to establish a value with a higher probability of discriminating patients that would not survive the AAA repair if submitted to either technique. The cut value for the EVAR group was higher (0.754 for the EVAR group versus 0.631 for the OR group), demonstrating a less invasive nature of EVAR.
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  DISCUSSION

  The E-PASS score was chosen because it is simple and easy to PRS. to use, when compared to other risk scores, and presents a good capacity to anticipate the mortality of open AAA repair, as previously demonstrated[9,15-20].

  Compared to other studies, a higher than expected mortality for the OR and EVAR groups was found in the present study. Goshima et al.[21] state that the standard result for OR should be 3.1% and in their study, the EVAR mortality was null. But the same authors, when presenting the complex cases, relate a hospital mortality of 14.1%. Jackson et al.[22] have found in the Medicare population a mortality of 3.13% for the OR group and 0.7% for the EVAR group; a result that is very similar to the subgroup of very low physiologic risk in this study, in which the mortality of the OR group was 3.49% and absent in the EVAR group. Egorova et al.[23], also presenting results related to the Medicare population, show that a small group of patients, with high surgical risk factors, such as congestive heart failure and advanced renal insufficiency, presents a mortality as high as 11%, which is also compatible with our results for the group with a higher physiologic risk score. In the EVAR-2 study[24,25], patients unsuitable for open repair were randomized to EVAR or clinical follow-up, the 30-day mortality of the operated group was 9% (95% CI 5-15%). The above literature reinforces the concept that the surgical result, even in the EVAR cases, is dependent on the preoperative physiologic status of the patient, as it is clearly seen in this study. Since a large proportion of patients in this cohort was considered high risk, this could have contributed to the unexpected higher mortality rate in the EVAR group.

  Another factor to be considered is the variation in surgical result dependent on the anatomical configuration of the aorta and access arteries. A shorter, tortuous, dilated proximal neck has a negative influence on the results, as tortuous and narrow iliac vessels also do. In the present study, these data were not collected and therefore it is not possible to reach a conclusion and it may be subject of a future study.

  A third factor to be considered in relation to a higher mortality is the learning curve of the surgical staff. Cohnert et al.[26] when describing their initial experience with EVAR presented a 30-day mortality of 18.9%, while having a 10.9% mortality in the OR group operated in the same time frame. Our hospital is a tertiary teaching center, with intense participation of training residents in the operations, for whom the learning curve is always in the beginning, since the group renovates every year. Even though under strict supervision of the hospital teaching staff, this may certainly have an influence on the final results, specially because this learning curve is also seen in the anesthesia performance, as well as on the postoperative intensive care unit performance.

  It can be seen as a rule in the literature, that the mortality of the EVAR technique is one third the mortality of the OR technique. Recently it was published that the risk of any adverse events during EVAR is 42% less than for OR[27]. This study has observed that during the time frame of 2003 and 2010 the global mortality of AAA repair (including EVAR and OR) fell from 7.4% to 4.4%. In the same period the percentage of patients receiving EVAR increased from 41.1% to 75.3%. In the present study the EVAR mortality was approximately half of the OR mortality, which is within the upper limits of the 95% CI of the decrease in mortality described for EVAR in most series (0.55-0.64). Nonetheless, this gain represents a significant improvement in surgical mortality, especially in the higher physiologic risk patients. In the Brazilian literature, Saadi et al.[28] presented very good results in their initial experience with EVAR with no mortality in 25 patients operated for AAA, while Mendonça et al.[29] found a operative mortality of 5.45% for OR and 6.55% for EVAR.

  There were several risk scores proposed for EVAR in order to forecast postoperative complications[30-32]. In these studies the authors agree that even though the nature of the procedure is less invasive, the physiologic risk of the patients play an important role in the final results, besides the above mentioned anatomical factors.

  The Society for Vascular Surgery[33] proposes that AAA patients with a good operative risk should be submitted to OR, seeking a durable procedure. In order for this to be true the operative mortality of OR should be equivalent to EVAR. This can not be expected if all AAA patients, encompassing all classes of physiological risk, are seen as a single group. In this study, it was found that for patients with a low physiologic risk score (PRS < or=0.6) the operative mortality is equal to the recommended international standards, which is lower than a 6% mortality. Even for these low risk patients, EVAR presented a better result and may justify the use of this technique as first choice, if patients are conscious of the necessity of a rigorous follow up to identify and treat future complications[8,10,11]. For the subgroup of patients with a higher physiologic risk score, the 30-day OR operative mortality increases exponentially with the risk, rendering EVAR the only choice. In much selected high risk cases, only clinical observation may be the most appropriate choice.

  This study corroborates the findings of a shorter operative time, lesser bleeding and a smaller incidence of severe adverse events that required artificial support of vital organ function in the EVAR group, as seen in Table 2.

  The authors acknowledge the weakness of a retrospective study, because of the expected deficiencies of gathering information from hospital charts. Nonetheless, the objectiveness of the collected data makes it trustable information, which is usually correctly annotated in the files validating the results presented.

  This local data analysis may represent the clinical picture found in the public university hospitals of Southeast Brazil, which are focused in offering government financed health services to a low socio-economical population and serve as the main training centers of future peripheral vascular surgeons. It may also contribute to a more solid decision on which is the best operative technique, and how to continually improve the surgical results.

  One of the main concerns today of the teaching hospitals, all over the world, is how to teach the OR technique to future generations of vascular surgeons[34-36]; since EVAR presents a series of advantages that restrict the indications of OR to a few cases of complex anatomy, which usually do not present a low operative risk, and for whom the training physician has a low chance of performing as the main surgeon. One area for future research is how to implement simulated OR for training, increasing the exposure of the young surgeons to open procedures[35].

  Another important concern is the bias created when a young surgeon needs to decide on which technique to offer, taking into account that they have been exposed exclusively to EVAR during their formative years[37-39]. The economical aspect should also be considered because of the higher costs associated with EVAR. Another hindrance could be the pre-acquired concepts on modern surgical techniques that patients bring from the electronic media, which generates a layperson preference[1,40,41], and also the manner both techniques are offered to patients by the attending physician[42].

   

  CONCLUSION

  As reported by the present study, the short term results of EVAR are superior to OR in all classes of physiologic risk. When selecting patients for the training of new vascular surgeons on OR, teaching hospitals should carefully select young and healthy patients, who carry a favorable anatomy and a very low risk of postoperative adverse events, considering the fact that these patients could benefit from the good long-term durability of OR.
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    ABSTRACT

    OBJECTIVE: To evaluate the child development and evaluate a possible association with the commitment by biopsychosocial factors of children with and without congenital heart disease.

    METHODS: Observational study of case-control with three groups: Group 1 - children with congenital heart disease without surgical correction; Group 2 - children with congenital heart disease who underwent surgery; and Group 3 - healthy children. Children were assessed by socio-demographic and clinical questionnaire and the Denver II Screening Test.

    RESULTS: One hundred and twenty eight children were evaluated, 29 in Group 1, 43 in Group 2 and 56 in Group 3. Of the total, 51.56% are girls and ages ranged from two months to six years (median 24.5 months). Regarding the Denver II, the children with heart disease had more “suspicious” and “suspect/abnormal” ratings and in the group of healthy children 53.6% were considered with “normal” development (P<0.0001). The biopsychosocial variables that were related to a possible developmental delay were gender (P=0.042), child’s age (P=0.001) and income per capita (P=0.019).

    CONCLUSION: The results suggest that children with congenital heart disease are likely to have a developmental delay with significant difference between children who have undergone surgery and those awaiting surgery under clinical follow-up.

    Keywords: Child Development. Heart Defects, Congenital. Behavioral Medicine. Psychology, Child.

  

   

   

  INTRODUCTION

  Child development is the result of the interaction of various aspects, including biological, psychological and social factors. The acquisition of new skills is related to the child’s age and experienced interactions with other individuals of their social environment[1]. Studies have shown that assess environmental conditions and stimuli that are offered to children by their families can provide important data for the development of preventive and promotional health interventions[2].

  Considering the biological aspects, it can identify the many chronic diseases that affect the pediatric population, as in the case of congenital heart disease (CHD), for example. CHD covers a wide variety of anatomical and functional cardiac malformations. It is currently the most common in newborns alive, reaching 1% of the Brazilian population[3,4]. The presence of this disease is also linked to symptoms such as dyspnea, fatigue, dizziness, low weight, frequent respiratory infections, arrhythmia, and cyanosis that depending on the degree, can cause physical and motor inhibition constraints that directly affect the emotional and cognitive development[5]. In adittion to this, cultural factors can alter the development of the brain and should be considered as a dependent variable that influences and is influenced by environmental factors. Such factor is the socioeconomic level that includes education, nutritional status, quantity and stimulation of quality medical care, perinatal risks, occupation, family and social interaction and housing conditions styles[2].

  Children with CHD may show changes in their psychomotor development by pathophysiological factors such as low birth weight, cyanosis, among others, but also for chronic disease that impose numerous hospitalizations, repeated examinations, physical constraints and consequently, school and social withdrawal. Considering all this context, children with CHD, depending on the severity of the disease, can obtain significantly lower scores compared to children without disease with regard to changing child development[6]. This study aims to evaluate child development and verify a possible association with the commitment by biopsychosocial factors of children with and without CHD. Children were assessed by the Denver II Screening Test, published in 1992 and is configured as one of the most widely used instruments in the evaluation of children aged zero to six years old and is the result of an update and comprehensive review of the Denver Developmental Screening Test (DDST) published by Frankenburg et al.[7] in 1967. The participants were children systematically treated by the Pediatric Service of INCOR/ Natal - Brasil and AMICO - Friends Association for Children’s Heart Institutions that provide support for children with heart disease across the state of Rio Grande do Norte, in Brazil.

   

  METHODS

  Study design and participants

  This research is an observational case-control study comparing the development of children with and without heart disease. They were included in Group 1 (G1) - children 0-6 years, of both genders, CHD, the waiting list for surgery, assisted by Brazilian National Health Care System (SUS); Group 2 (G2) - children aged 0-6 years old, of both genders, assisted by SUS, who have undergone at least one surgical procedure for CHD correction up to one year prior to application of the instruments of this study; and Group 3 (G3) - children 0-6 years, healthy, both genders, SUS users. The time between the surgery and the administration of the instruments was set from one month to one year after the completion of the first surgery because before one month the child is still in the immediate recovery of the procedure and after one year the evaluation of development of the benefits of the procedure can suffer interference from other variables. Children from G1 and G2 were recruited and selected in specialized services in cardiology Natal/RN and the children from G3 were recruited and selected in a Municipal Center for Child Education in the same city. Children with syndromes, with no neurological problems resulting from heart disease or children whose mothers or main caregivers was not present in the administration of the instruments were not included in the ratings in the three groups.

  Instruments

  As instruments we used an biopsychosocial data questionnaire specifically developed  for this research that includes social, demographic, psychological and clinical factors and the DENVER II Development Screening Test, which consists of 125 items, divided into four fields of functions: personal-social, fine-motor-adaptive, language and gross motor. Each of the 125 items is represented by a bar that contains the ages at which 25%, 50%, 75% and 90% of the children presented the suggested skills. To test administration, it was calculated the child’s age in years and months and we drew a vertical line at the corresponding age. The amount of items varied according to the age of the child, and all administered items were cut by the vertical line and at least three items completely left of the line. Published in 1992, DENVER II is currently one of the instruments used in the evaluation of children aged zero to six years old and is the result of an update and comprehensive review of the DDST published by Frankenburg et al.[7].

  Statistical analysis

  In order to analyze the data and sample characterization, descriptive statistics and central tendency (frequency and percentage, median and percentiles, mean and standard deviation) were used.

  In order to verify the mean differences between groups, the study sample did not show a normal distribution, non-parametric tests were performed. Pearson’s Chi-square was employed for independent and categorical samples and the Kruskal-Wallis and Mann-Whitney Test to compare continuous variables. The paternal participation was assessed by the Shapiro-Wilk Normality Test to determine if this set of data were a normal distribution and after the Chi-square analysis for comparison between groups. The one-way Analysis of Variance ANOVA was performed to compare the average age of parents between groups.

  The associations between biopsychosocial variables and the Denver II were analyzed by the Fisher’s Exact Test considering the sample size. This statistical analysis excluded 17 participants who received review “impossible to test” in the Denver II, considering that this variable could be a confounding bias.

  Ethical aspects

  The study was approved by the Ethics Research Committee of the Onofre Lopes Hospital/Natal-RN (CAAE No. 01120112.1.0000.5292) in July 2013. Before the administration of the instruments, the mother or the person responsible for the child was instructed about the research procedures and invited to sign the Informed Consent.

   

  RESULTS

  The results of the 128 children were collected, 29 (22.66%) belonging to the G1 (preoperative children with heart disease), 43 (33.59%) from G2 (postoperative children with heart disease) and 56 (43.75%) belonging to the G3 (healthy children). Of the total, 66 (51.56%) were female, and the ages ranged from two months to six years (median 24.5 months). The characterization of the three groups is shown in Table 1.
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  Table 2 presents an overview of the children with heart disease who composed the G1 and G2.
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  In G3, 15 (26.5%) of the children have undergone hospitalization, 8 of them (14.4%) were  due to respiratory problems. The number of admissions ranged from none to five hospitalizations, of which, 10.6% had a hospitalization and 7.2% had two or more hospitalizations.

  A development review by Denver II Screening Test of the three groups is shown in Table 3.
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  By linking the biopsychosocial variables with Denver II assessments, the variables gender, age and income per capita, shown in Table 4, presented significant difference (P=0.042, P=0.001, P=0.019). Inferential statistics were performed with 111 participants, since 17 children were characterized as “impossible to test”, thus they were excluded for not being a confounding bias.
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  Age and education of the parents showed no significant difference in relation to Denver II classification. The variables that did not show statistically significant differences were: variables related to prenatal and postpartum (planned pregnancy had problems in pregnancy, mode of delivery, premature baby). Complications after birth showed a trend towards significance (P=0.065), and 44% of children who had complications were classified as “suspect/abnormal”.

  In the analyzes carried out in the G1 and G2 there were no significant differences in the psychosocial variables, age at diagnosis, parents have received information about the disease, understanding disease and the child’s treatment, limit activities and change of behavior after diagnosis.

  In G3 50% of children who were hospitalized at least once had their Denver II characterized as “suspect” (P=0.025). It was found that the more the child spent admitted to the hospital, higher the frequency of “suspicious” and “suspect/abnormal” ratings (P=0.023).

   

  DISCUSSION

  Sampling feature

  The per capita income have presented statistical difference among the three groups which may be related to the mothers of children with chronic disease that mostly do not have a job to devote themselves to child care. The family member when become the caretaker of a child with chronic illness has their life affected in many ways, as interference in work and personal life. In most cases, the family member who takes care is the mother and, in that sense, the employment disruption is not unusual which entails a change in family economic organization[8].

  The fact that the G1 and G2 babies have more complications at birth is due to cardiovascular disorders such as dyspnea, cyanosis, irregular heartbeats that are one of the main symptoms that appear soon after birth signaling changes[3,9].

  In G1 and G2, the most common heart disease were: tetralogy of Fallot, patent ductus arteriosus, ventricular septal defect, atrial septal defect and atrial septal defect associated with pulmonary stenosis. These results are consistent with findings in the literature that state that these diseases are among the most common ones[3,10].

  Unlike other studies that classify the groups of children with heart disease by disease severity or hemodynamic compromise, this study proposed a separate action related to the surgical procedure, regardless of diagnosis. In a study to assess the psychomotor development after repair or palliative procedure with 243 five-year-old children with heart disease, patients were divided into two groups: those with biventricular repair and single ventricle repair[11]. In another study, the patients were divided by the authors into two groups: the ones with hemodynamic consequences and without hemodynamic effect[12]. As the present study aimed to verify psychosocial factors linked to illness and not biological or physiological factors of heart disease classification, we divided the children into two categories: children before and after heart surgeries.

  Regarding the age, most of the patients had their disease discovered in the first month of life until the child is one year old. However, it is noteworthy that only in G2 (postoperative children) we found mothers who discovered the disease during pregnancy (9.3%). This may be related to the fact that the intrauterine diagnosis is more related to serious heart disease and need immediate surgical intervention, as in the case of hypoplastic left heart that the rough decreased left ventricular cavity allows easy viewing even for professional who is not an expert in the field[13].

  The mothers of children who had undergone surgery indicated that they had received more information than those who were on the list of preoperative patients. In a  literature review study on the need for information and parents to support children with CHD, the authors, after analysis of items, consider that the parents’ knowledge is incomplete and that this knowledge is affected by the severity of heart disease. It is important to note that knowledge is a broad field that involves knowing from information on diagnosis to the clinical consequences[14].

  Information from health professionals are usually restricted to the physical aspects of treatment such as food, observation of signs related to pathology and notions of hygiene to prevent infection. These guidelines leave mothers/caregivers restricted to physical symptoms increasing attention and care, imposing a number of limitations, overprotecting the child[15]. Lack of adequate or appropriate information can be related to the large number of mothers that limit the child’s activities, and in this study most mothers of G1 and G2 does not let the child cry, crawl, walk or run, as well as to changes in behavior after diagnosis (87% in G2). Although the majority of mothers have shown positive changes, a significant number reported negative changes.

  Developmental profile

  The Denver II tracks possible developmental delays. Considering that the child development is a broad and complex process, the developmental delay should be confirmed, through instruments that can provide a proper study, ensuring the diagnosis[7]. The choice of this instrument was made from the realization that there are no available tools for psychologists to assess the development of children under 5 years of age. As long as the population of CHD suffers from the interference of the disease from birth, it is advisable for development studies to assess these children before the first year of life[16,17]. 

  Based on the results, we can say that children with CHD have probable developmental delay, with a significant difference between children who underwent surgery for correction of cardiac malformation and those awaiting surgery, under clinical follow-up. The results obtained are compatible with other studies, though the division criterion of the groups was different regarding the researches. In a study on the development of children with CHD held in New York, 64 children were assessed using the Denver II, divided into: CHD which required surgical or catheter intervention and CHD without hemodynamic repercussions. As a result it was observed that 54% of the most serious children were classified as “abnormal, doubtful or untestable” and in the group of children without hemodynamic repercussion, 86% were characterized as “normal”. It was concluded that children with complex CHD are more likely to delay risk than children with CHD who are not hemodynamically impaired[12].

  Similar work aimed to evaluate physical and neurological growth parameters in infants and children with CHD and the effect of hemodynamic status on these aspects through the Denver II. By comparing healthy children to those with heart disease, the authors found that children with cardiac problems hemodynamically impaired had more “abnormal” ratings than those in the group without hemodynamic impairment (P<0.0001) and that the latter group resembled the results with the control group[18]. A longitudinal study using the Denver II evaluated 20 infants with CHD at three different times: 24 hours prior to heart surgery, the intensive care unit discharge and 3-6 months after surgery. Of the 20 infants evaluated, 15 had altered neurological examination and developmental delay before surgery, whose normalization was observed only six months after the procedure in six participants. The authors concluded that after five months on average, the frequency of surgery was reduced among children with Denver II “suspect” delay from 75% to 55%[19].

  This study points to a possible interference resulting from surgical procedures and convalescence in child development, regardless of the hemodynamic status or disease severity. Regarding the possible consequences of hospitalization and invasive procedures (catheterization, anesthesia and surgery) may subject the patient and family to a series of disturbing situations added to the previously adverse experiences, can cause great damage[3].

  Biopsychosocial variables and child development

  When comparing biopsychosocial variables to the results of the Denver II, we could find some aspects that are significantly linked to possible delay in development and other evidence in this study showed no statistical association.

  Two factors that were associated with developmental delay were gender (P=0.042) and age (P=0.001). It is observed that most boys focused on the classification of “suspicious” and “suspect/ abnormal”. Regarding gender, studies show that girls tend to do better in school than boys and that the differences become more apparent after the age of three, but on average, boys and girls are more alike than different[1]. In a survey that evaluated children in Feira de Santana (Bahia, Brazil) by the Denver II, an association between male and a worse performance in the test was found[20].

  The difference between the ages can be seen from some concepts related to childhood development. Biological factors predominate over social ones early in life. As soon as the interactions are established, primarily through language, this becomes a major role in the development of a child. Another aspect is that the relationship and interaction with adults make the child develop cognitive skills through shared experiences[1]. Relying on these theories is possible to think that as the child grows, they will develop skills and competencies that will interfere with their performance.

  Family income is configured as an important determining factor in child development. Evidently, the lower per capita family income is related to higher frequency of developmental delay. This finding seems to be almost a consensus among scholars theme[2,20-22]. The socioeconomic status affects the processes and outcomes of development indirectly through the types of homes and neighborhoods in which people live and the quality of nutrition, medical care and schooling available[1].

  Aspects related to age and educational level of the parents, number of children per family and care before and after delivery were not significantly associated with the results of the development test. Other variables that did not show a significant relationship with developmental delays were: breastfeeding, mother’s health problems and use of controlled medication or use of substances such as alcohol, tobacco and drugs during pregnancy. These factors may not have been shown to be associated with changes in development for mitigating characteristics of the environment, aspects of development that contained the difficulties, and also the population. Thus, it can be considered that in this population the most important risk factor was the presence of the disease, since the three groups were homogenous regarding the variables mentioned above.

  However, one factor that showed a tendency to be related to child development was the baby having experienced complications after birth (P=0.065). It is believed that this issue is more associated with children with CHD, which disease characteristics may be showing cardiorespiratory changes within the first hours of life[3,9].

  When dealing with variables that only made up the group of children with heart disease (G1 and G2), different from what was imagined in the early phase of the study, aspects such as age at diagnosis, type of heart disease, having undergone hemodynamic procedures or not, information to parents about heart disease, understanding the disease and treatment, limitation of activities for children and the child with changes in behavior were not associated with changes in development. The fact that these variables do not affect the development of children with CHD may be related to protective factors and resilience.

  Protective factors may be linked to individual features that reduce the effect of risk, since resilience is related to individual protective factors that predict positive consequences in individuals exposed to a risk context[23]. In a study of chronic adult patients where the resilience was measured through a scale, patients show high levels of resiliency and personal abilities and skills to handle the health status[24]. Although it is very difficult to measure resilience in children, it is possible to say that the initial experience of a child is important, but children can be remarkably resilient[1]. The own evolutionary/sociobiological theory states that humans possess adaptive mechanisms to survive and this may be related to protective factors[1].

  However, the survey shows that healthy children (G3) who were hospitalized for health care tend to exhibit behaviors suggestive of a developmental delay and more, the greater the number of hospitalizations that children faced, the they were characterized as “suspect“ and ”suspect/abnormal”. Hospitalization in children is a matter studied since the 60’s and 70’s[9]. The immature thought process of a child leads them to understand the staff, equipment and procedures they are submitted during the hospitalization period in a wrong way. The different reactions, depending on the age, will be influenced by the personal characteristics of the child’s relationship with parents and the approach to hospital situation[9]. In a study that assessed the impact of hospitalization in children 1-5 years old, it was found that both in the group of children with or without someone accompanying them, the most observed behaviors were crying, loss of appetite, rapid heartbeat, vomiting, insomnia and hyperthermia[25]. What in fact is represented here is that a process of illness and hospitalization has strong influences on the daily life of a child, and may cause damage depending on how these issues have been experienced.

   

  CONCLUSION

  It was found that surgery is a traumatic event and brings changes in the routines of children and their families, with significantly influence on their psychomotor development. The results showed that despite the development being influenced by biological conditions of disease and treatment, children with heart disease studied showed that social and psychological factors were not able to interfere significantly in the development. This question suggests that children with heart disease, although it is a vulnerable group from the biological point of view, may prove resilient to those who experienced disorders. Family support is important, but  the parents need to receive anticipated guidance on know how to deal appropriately with these situations, in order to deal with their child’s growth and development, as well as to improve their care and to detect problems early.

  As possible limitations identifies the sample size resulting from logistics, operating characteristics of the sampling sites in addition to the development assessment process. Characterize with certainty the assessment of the development in a single moment could compromise the understanding of behavioral expressions.

  Based on the presented issues, identifies the need for further investigations as early assessment, systematic, longitudinal development of the fields with a view to evidence appropriate initial support and psychological preparation of the nuclear family and the child. It is important to have the realization of development monitoring studies of children with heart disease in other realities, such as patients with more differentiated, assisted by health plans and other states, characterizing the expression or absence of intervening variables.

  The development process is broad and complex and investigate these issues in a risk population such as patients with CHD involves a number of variables that through further research need to be developed to provide advance in the understanding of this issue.
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    ABSTRACT

    OBJECTIVE: To evaluate heart rate variability during an inspiratory muscle endurance protocol at three different load levels [30%, 60% and 80% of maximal inspiratory pressure], in patients who had previously undergone coronary artery bypass grafting.

    METHODS: Nineteen late postoperative myocardial revascularization patients participating in a cardiovascular rehabilitation program were studied. Maximal inspiratory pressure maneuvers were performed. An inspiratory muscle endurance protocol at 30%, 60% and 80% of maximal inspiratory pressure was applied for four minutes each, in random order. Heart rate and RR intervals were recorded and heart rate variability was analyzed by time (RMSSD-the mean of the standard deviations for all R-R intervals, and RMSM-root-mean square differences of successive R-R intervals) and frequency domains indices (high and low frequency) in normalized units. ANOVA for repeated measurements was used to compare heart rate variability indices and Student t-test was used to compare the maximal inspiratory pressure and maximal expiratory pressure values.

    RESULTS: Heart rate increased during performance of maximal respiratory pressures maneuvers, and the maximal inspiratory pressure and maximal expiratory pressure mean values were significantly lower than predicted values (P<0.05). RMSSD increased significantly at 80% in relation to rest and 30% of maximal inspiratory pressure and RMSM decreased at 30% and 60% of maximal inspiratory pressure in relation to rest (P<0.05). Additionally, there was significant and progressive decrease in low frequency and increase in high frequency at 30%, 60% and 80% of maximal inspiratory pressure in relation to the resting condition.

    CONCLUSION: These results suggest that respiratory muscle training at high intensities can promote greater parasympathetic activity and it may confer important benefits during a rehabilitation program in post-coronary artery bypass grafting.

    Keywords: Autonomic Nervous System. Respiratory Muscles. Heart Rate. Physical Therapy Modalities. Coronary Artery Bypass.

  

   

   

  INTRODUCTION

  The evaluation of autonomic cardiac function by heart rate variability (HRV) in patients with coronary artery disease (CAD) has been widely used for risk stratification[1-3]. Studies have been developed to evaluate HRV in patients with CAD who have undergone coronary artery bypass grafting (CABG) surgery[4,5]; the benefits being HRV assessment is non-invasive, low cost and predicts cardiovascular morbidity and mortality in early and late phases of surgery procedure[2,6,7].

  Respiratory muscle strength (RMS) evaluation by maximal respiratory pressure (MRP) is used as an important diagnostic and prognostic measure in patients with neuromuscular[8], pulmonary[9] and cardiovascular disease[10]. Moreover, respiratory muscle training (RMT) have proven to be a valuable treatment approach in preventing pulmonary complications after CABG[11]. Collectively, the simultaneous evaluation of autonomic cardiac function and RMS may play an important role in the evaluation of cardiorespiratory integrity in patients following CABG[12].

  CABG produces an important negative impact on autonomic cardiac function[13,14] and RMS[15]. Previous studies have reported that return of RMS takes several months following CABG[16]. Participation in cardiac rehabilitation induces a host of benefits, including improved cardiac autonomic function[17] and RMS[18].

  To our knowledge, no previous study has assessed the cardiac autonomic system by HRV during different loads resistance loads imposed upon the respiratory musculature in patients post-CABG; this has important implications for establishing RMT intensities that optimally improve HRV[19-21]. Therefore, the aim of this study was to assess HRV during an inspiratory muscle endurance protocol at three different levels of effort [30%, 60% and 80% of maximal inspiratory pressure (MIP)] in patients post-CABG. We hypothesized that the application of a high-intensity inspiratory muscle endurance protocol may induce greater changes in HRV when contrasted to moderate and low loads.

   

  METHODS

  Subjects

  Twenty eight patients who had previously undergone CABG were recruited to participate in the present study and 19 male patients satisfied all inclusion criteria. All subjects participated in a cardiovascular physical therapy program [60 minute sessions three times a week for at least 6 months at 70-85% of maximum heart rate (HR)]. Exclusion criteria were emergent or concomitant surgery, implanted pacemaker, unstable angina, recent myocardial infarction (less than 6 months), chronic disturbances in heart rhythm that could compromise HRV analysis, chronic obstructive pulmonary disease (COPD), valvular heart disease, severe non-cardiac diseases, and the inability to perform the study protocol. Patients who were obese [body mass index (BMI) > 30 kg/m2], active smokers, had evidence of left ventricular dysfunction, neurological and respiratory disturbances, visible alterations in thoracic and/or abdominal mobility, or accentuated structural deviations in the spine that might alter the respiratory dynamic were excluded.

  Time from completion of surgery to the entry in the study protocol was 180±12 days. All subjects were oriented to the experimental procedures to be performed and they signed a written informed consent agreement in accordance with resolution 196/96 of the National Health Council. This study was reviewed and approved by the Ethics Committee for Human Research (number 109/2006).

  Experimental Design

  The study procedures were performed in the cardiopulmonary laboratory of our institution, in the morning to avoid any circadian variations, with a room temperature controlled at 22 to 24°C and at a relative air humidity of 50% to 60%.

  The patients were instructed to not ingest alcohol or other stimulants the night before and day of the experimental procedures, to not do any heavy physical exercise, to avoid heavy meals for two hours before the experimental procedures and to get a good night’s sleep the night before.

  Clinical Evaluation

  All patients underwent clinical evaluation which consisted of: 1) anamneses; 2) past medical and surgical history; 3) family medical history; 4) risk factor profile; 5) lifestyle habits; 6) visual inspection to identify possible alterations in the thoracic and abdominal regions such as cutaneous folds and accentuated structural deviations in the spine that might alter respiratory dynamics; 7) anthropometric evaluation measuring height and body mass by stadiometer and scale (Welmy, São Paulo, SP, Brazil); 8) 12-lead standard electrocardiogram (ECG) measurement of HR (cardiac monitor - Ecafix TC 500, São Paulo, SP, Brazil); 9) arterial blood pressure (sphygmomanometer BD, São Paulo, SP, Brazil); 10) maximum dynamic physical effort test; and 11) laboratory exams (fasting glycemia, total and fractions cholesterol, triglycerides, uric acid, creatine and type 1 urine).

  Respiratory Muscle Strength

  To obtain values for MIP and maximal expiratory pressure (MEP), an aneroid type manovacuometer (GER-AR, São Paulo, SP, Brazil) with an operational interval of ± 300 cmH2O was used. A plastic mouthpiece was coupled with a tube attached to the manovacuometer. This mouthpiece had a leak[22] with a diameter of approximately 2 mm that permitted a small amount of air to escape to avoid any elevation of pressure within the oral cavity by contraction of the facial muscles[23]. Each individual used a rubber mouthpiece with a diameter of 32 mm over the plastic mouthpiece.

  Before the measurements were taken, patients remained seated while being familiarized with the equipment and instructed on how to perform the maneuvers. Immediately following, the HR and R-R intervals were registered for three periods: 1) during the first minute at rest; 2) for approximately three seconds of the maneuver; and 3) during the final minute of the procedure.

  The MIP and MEP maneuvers were performed a minimum of three times with two minute intervals between repetitions. During rest periods (first and last) between each maneuver, the patient was oriented to remain seated, quiet and still to avoid interference with the ECG signal being recorded. Ten seconds before the maneuver was performed, a nasal clip was placed on the patient (to not allow air to escape from the nostrils), and the patient was instructed to keep their lips tightly closed over the mouth while performing the forced inspiration maneuver from residual volume (RV) and the forced expiration maneuver from total pulmonary capacity (TPC) to maintain maximum respiratory effort for approximately one second[23].

  The greatest values obtained from three correctly performed repetitions (with a 10% or less difference between values) for each maneuver were registered. It is important to emphasize that a single evaluator performed the manovacuometry for all individuals and verbal encouragement was given to all patients during the maneuvers to reach the maximal effort of the patient. The MIP and MEP measurement were compared to the predicted values for Brazilian population according to Simões et al.[23].

  Inspiratory Muscle Endurance Protocol

  The inspiratory muscle endurance protocol consisted of maneuvers at three pressure levels: 30%, 60% and 80% of MIP. The loads were applied in a random order by drawing of shuffled, opaque, coded envelopes that were opened by one investigator. First, the subjects were maintained at rest for 10 minutes and the HR data was obtained while subjects rested quietly, breathing spontaneously in the seated position.

  During the protocol, the patient remained seated in a chair, using a nose clip and performed inspiratory efforts using the manovacuometer which had previously shown to the value that corresponded to the individual’s pressure percentage of MIP (30%, 60% or 80%). Each effort level was performed for four minutes and the patient was oriented to make an inspiratory effort and maintain the equipment indicator on the demarcated line, which corresponded to the percentage being tested, for two seconds followed by expiration through the mouth for three seconds; this corresponded to a total of 12 respiratory cycles per minute[24]. To ensure that the maneuver was performed correctly and at the correct times for inspiration and expiration as previously instructed, one of the evaluators used a chronometer to give verbal commands to the patient[24].

  The HR was continually registered one minute before the beginning of effort, during four minutes at each effort of intensity, and during the first minute after the effort. During this period, the ECG signal and HR were observed in real time on the computer monitor to verify signal quality.

  Heart Rate and R-R Intervals Data Collection

  The ECG signal, R-R intervals and the HR were obtained on a beat to beat basis in real time through a cardiac monitor registering the derivation of the CM5 lead, using disposable self adhesive activated carbon electrodes (red electrode positioned on the esternal manubrium, yellow electrode in the 5th left intercostals space on the anterior axillary line, and black electrode in the 5th right intercostals space).

  The ECG signal was transferred to a microcomputer (PC-AT 486 DX-4, 100MHz) through an analog-digital converter (Lab. PC + National Instruments, Co.), that constituted an interface between the cardiac monitor and the microcomputer. The analog signals taken from the ECG were converted into binary values and processed by software specifically designed to capture ECG and calculate the R-R intervals[25].

  Data Analysis

  The HRV was analyzed by the time and frequency domain methods. In the time domain, the R-R intervals were analyzed by the root-mean square differences of successive R-R intervals (RMSM) and mean of the standard deviations for all R-R intervals (RMSSD) indices. The RMSM index corresponded to the square root of the sum of the square of the differences of the individual values in relation to the mean value, divided by the number of R-R intervals in a specified time period[26]. The RMSSD corresponded to the square root of the sum of the square of the differences between the R-R intervals registered, divided by the number of R-R intervals in a specified time period less one[26]. To the frequency domain analysis, 256 points of the four minutes (endurance protocol) was selected as the criterion required for application of the spectral methods (i.e., Fast Fourier Transforming). Then, the power spectral components were obtained at low and high frequencies in normalized units [low frequency in normalized units (LFnu) and high frequency in normalized units (HFnu), respectively].

  Statistical Analysis

  On the basis of the results of the pilot study (n=8), we estimated that a sample size of 15 individuals would have a power >80% to detect a 5 ms difference in the RMSSD index (main outcome) amongst the imposed inspiratory loads. The level of significance was set at 5%. The data distribution was verified by the Shapiro-Wilk test, and when normality was confirmed the data were expressed in mean and standard deviation. Analysis of variance (ANOVA) for repeated measurements was used to compare the indexes of HRV (RMSM, RMSSD, LFnu and HFnu) obtained during the endurance protocol at four different situations: rest (pre-effort), 30%, 60% and 80% of MIP. The Student t-test for dependent samples was used to compare the MIP and MEP values obtained by the manovacuometer to the predicted values[23] and to compare the HR and R-R intervals values obtained during rest (pre-effort) with peak values achieved during MIP. The probability of a type I error was established at 5% for all tests (α=0.05). The data was analyzed using the STATISTICA for Windows software program (Stat Soft Inc, 2000).

   

  RESULTS

  During the recruitment 11 patients were excluded due to follow reasons: 1) 3 patients presented complexes arrhythmias; 2) 2 patients underwent concomitant CABG and valvular surgery; 3) 1 patient had a COPD diagnosis; 4) 3 patients presented with left ventricle dysfunction; and 5) 2 had difficulty comprehending the protocol due to previous stroke. All 19 participants included in the study completed the endurance protocols and had no clinically relevant adverse events throughout the study. All participants underwent elective CABG with cardiopulmonary bypass, median sternotomy incision and interposition of a saphenous vein or radial artery graft. All participants received internal mammary artery grafting. None of the subjects presented with pulmonary or hemodynamic complications in the perioperative period. Mean of cardiopulmonary bypass time was 78±22 min, time of surgery procedure was 178±60 min, time to mechanical ventilation was 10±5.8 h, intensive care unit stay was 2.3±1.2 days and total time in the hospital was 7±2 days. All patients underwent grafting with mammary artery.

  Table 1 lists the anthropometric characteristics of the patients studied in relation to age, weight, height and BMI, as well as risk factors and number and type of grafts used in CABG. The medications taken by the patients during the evaluation period and the respective number of patients were: 1) acetyl salicylic acid (12 patients); 2) anti-arrhythmic (2 patients); 3) angiotensin converting enzyme (15 patients); 4) β–blockers (12 patients); 5) calcium-channel blockers (5 patients); 6) nitrates (7 patients); 7) angiotensin II receptor antagonists (2 patients); 8) antihypercolesterolemics (9 patients); and 9) diuretics (5 patients).

  
    

    [image: Table 1]

  

  Subjects presented with significantly lower MIP and MEP values (P<0.05) when compared to predicted values (Table 2). In relation to HR during the MIP and MEP maneuvers, a significant increase was found at peak when compared to rest. This fact can be confirmed by the reduction in R-R intervals during the MIP and MEP, in comparison to the pre-effort rest period (Table 2).
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  The HRV evaluated during the endurance protocol at the different MIP percentages showed a significant increase in the RMSSD at 80% (Figure 1A) and significant decrease in the RMSM index at 30% and 60% of MIP in relation to rest (Figure 1B), and significant decrease and increase in the LFnu and HFnu, respectively, at 30%, 60% and 80% of MIP in relation to the resting condition (Figures 1C and 1D). However, only the 80% MIP maneuver demonstrated a significant increase in RMSSD and high frequency as well as reduced low frequency when contrasted with the 30% MIP maneuver.
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  DISCUSSION

  The main findings of the present study showed that after 6 months of CABG, reductions in MIP and MEP compared to predicted values were observed. In addition, we observed that the increase in inspiratory muscle workload (% of MIP) produced higher parasympathetic and lower sympathetic cardiac modulation when contrasted with moderate and low loads. These findings may have important implications for establishing RMT strategies following CABG.

  Our results showed a significant increase in the RMSSD and HFnu index was observed (Figures 1A and 1D, respectively), indicating an increase in parasympathetic activity when the protocol was performed at a higher load. There was also a decrease in sympathetic activity with the increase of workload, as indicated by LFnu behavior (Figure 1C). In relation to the RMSSD, this index reflects both sympathetic and parasympathetic activity, therefore reduced values observed at 30% and 60% of MIP could be explained by a decrease in sympathetic modulation. Additionally, it was possible to observe an increase in the values of this index at 80% of MIP, this fact revealed a predominance of parasympathetic modulation at this load in the present study cohort.

  A possible explanation for the increase in parasympathetic and decrease sympathetic modulation during a higher inspiratory workload is the increase in tidal volume, as well as the increase in inspiratory effort. In this context, some studies have demonstrated that the magnitude of autonomic responses of HR during respiratory sinus arrhythmia (RSA) maneuver is directly proportional to the tidal volume[19].

  The endurance protocol applied in the current study has a certain similarity to the RSA maneuver in which it was performed with controlled inspiratory and expiratory times. On the other hand, the protocol offers resistance to the inspiratory muscles. Also, a greater accentuation of the RSA is achieved because the maneuver performed at a higher frequency (i.e., 12 cycles per minute). However, we believe that the mechanisms involved in cardiac autonomic control with the respiratory maneuver are the same, and we base this on the probability of tidal volume having increased with the increase in workload, which in turn influenced the autonomic cardiac responses. Kautzner[27] verified that there is evidence that the variations in tidal volume can potentially interfere with the reproducibility of RSA and in the capacity of the test to measure differences in vagal control.

  Several experimental studies[28,29] have shown that an increase in ventilation through an increase in tidal volume may cause fluctuations in autonomic cardiac modulation. For this reason, one speculates whether a RMT program in humans can influence total HRV. Laoutaris et al.[30] verified in their study with chronic heart failure patients undergoing RMT at 60% of MIP that HR at rest was significantly reduced after 10 weeks of respiratory training (three times a week). According to these authors[30], these findings may reflect a relation between the improvement in respiratory function and the changes in autonomic balance, favoring an increase in vagal activity. Another hypothesis is the relative attenuation of HR due to RMT would be related to the reflex mediated by the diaphragm muscle, that may influence the sympathetic tone; recent research[31,32] has demonstrated that when muscle fatigue is induced in healthy individuals, a decrease in blood flow and increase in vascular resistance to the lower limbs is observed, resulting from sympathetic responses to diaphragmatic stress.

  As to the MRP, the lower values for MIP as well as MEP in comparison to the predicted values indicate that the RMS in these patients is still reduced, suggesting that despite myocardial revascularization and participation in a cardiovascular rehabilitation program for 6 months, a decrease in respiratory muscle performance persists. Several studies[33-37] have demonstrated that the reduction in RMS after myocardial revascularization surgery. These authors[34-37] attribute this fact to the damage caused by mechanical respiration with thoracic incision, reducing the capacity of the respiratory muscles to generate sufficient tension to perform respiratory work imposed due to a mechanical disadvantage. Borghi-Silva et al.[34] found that RMS suffers a significant reduction after CABG and that the pressure values verified on the day of hospital discharge remain lower than preoperative values. KristjAnsdottir et al.[37] found that thoracic mobility is reduced even one year after surgical intervention. For this reason, we believe that these alterations in respiratory mechanics caused by thoracic incision could reduce the respiratory muscle efficiency of the patients evaluated. However, some authors[36] have demonstrated that pulmonary function returns to normal values after six months of surgery.

  In this context, an important aspect to note is that RMT has not been commonly employed in cardiovascular rehabilitation programs. However, based on the results of the present study, we believe that RMT should be applied not only in late phase post-CABG, but also in the immediate postoperative phase[33] aiming at re-establishing RMS. In this context, RMT applied at higher intensities could be an important strategy to enhance vagal tone in parallel to aerobic exercise training programs in these patients. In particular, the positive effects of RMT on vagal tone could produce a cardioprotective effect, reducing risks to arrhythmias and fatal events.

  Some limitations in this study should be taken into consideration. Although the patients were in a stable postoperative phase after surgical intervention, the sample was relatively small. However, the sample size to answer the main outcome was powered >80%. In addition, it was not possible to perform tidal volume measurement at the different percentages of MIP during the endurance protocol and it also was not possible to compare thoracic mobility during the protocol, aspects that would establish a more solid foundation for the findings observed in this study. Finally, the results of the present study are restricted to patients in the late phase of cardiac surgery. In this context, the impact of high intensity MIP maneuvers to produce a marked parasympathetic modulation during the early postoperative phase, when RMS is more profoundly impacted, requires further investigation.

   

  CONCLUSION

  In conclusion, we found that after 6 months post-CABG reductions in MIP and MEP were persisted. In addition a high-intensity inspiratory protocol promoted a greater parasympathetic modulation in comparison to maneuvers at lower loads. These results provide important implications for rehabilitation procedures following CABG, in particular including a RMT component as a standard of care.
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    ABSTRACT

    Experimental models of human pathology are useful guides to new approaches towards improving clinical and surgical treatments. A systematic search through PubMed using the syntax (shock) AND (trauma) AND (animal model) AND (cardiovascular) AND (“2010/01/01”[PDat]: “2015/12/31”[PDat]) found 88 articles, which were reduced by manual inspection to 43 entries. These were divided into themes and each theme is subsequently narrated and discussed conjointly. Taken together, these articles indicate that valuable information has been developed over the past 5 years concerning endothelial stability, mesenteric lymph, vascular reactivity, traumatic injuries, burn and sepsis. A surviving interest in hypertonic saline resuscitation still exists.
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  INTRODUCTION

  It is a truth universally acknowledged that experimental models of human pathology are useful guides to new approaches towards improving clinical and surgical treatments, even though transposition is rarely perfect and often unacceptable. It is the author’s experience after a long life in this field of research that many of the procedures routinely used in the evaluation and treatment of shock stem from work initially performed in the framework of carefully experiments. This review intends to cover reports from experimental models relating to the effects of shock and trauma upon the cardiovascular system published during a five-year period which ended on December 31, 2014. I have found that data published during these five years cover some classic areas of investigation (e.g., hemorrhagic shock, aortic occlusion, trauma, traumatic brain injury and sepsis), but also a number of new lines, such as endothelial integrity and vascular reactivity. The concept behind this critical review is to examine these contributions and the manner in which they contribute to our contemporary understanding of shock. I was also glad to note that hypertonic resuscitation, to which I contributed during my active research life, is still a subject of interest.

   

  METHODS

  Articles were selected from pubmed.gov using the following search syntax: (shock) AND (trauma) AND (animal model) AND (cardiovascular) AND (“2010/01/01”[PDat]: “2015/12/31”[PDat]). The search yielded 88 articles; the abstracts were subsequently examined manually, leading to a final collection of 55 entries. A careful examination of the texts further reduced this number to 43; four other articles[1-4] published previously to the time window covered in this review period are cited in order to clarify items discussed herein[3]. The 43 contemporary articles were then divided into themes and each theme is subsequently narrated and discussed conjointly.

   

  RESULTS AND DISCUSSION

  Classic physiological characteristics of shock were studied in four reports. Jonker et al.[5] examined the impact of hypovolemic shock on the aortic diameter in a porcine model to determine its implications for the endovascular management of hypovolemic patients with traumatic thoracic aortic injury. The aortic diameter was significantly decreased during blood loss. This very basic anatomical/physiological study may have implications for thoracic endovascular aortic repair because endografts should either be made oversize, or additional imaging after fluid resuscitation may be required for the production of an adequate graft. Transcapillary refill was evaluated in dogs submitted to uncontrolled hemorrhage by Sallum et al.[6] I am a co-author of this paper and we found that rebleeding occurred irrespective of whether the condition was treated with isotonic or hypertonic saline. However, as might be expected from some strictly physical considerations, hypertonic saline treatment induced transcapillary refill whereas isotonic saline resuscitation led to capillary extravasation. This was one piece of research undertaken at the Heart Institute Research Division in response to claims that hypertonic saline resuscitation should be avoided due to its capacity to increase bleeding[3]. Chao et al.[7] studied temporary vascular shunts, because the procedure is frequently relied upon in current military scenarios: pigs were submitted to 40% of blood loss and the study aimed at establishing the time to failure of short proximally placed vascular shunts and to examine histological changes in shunted arteries. These shunts remained functional for at least 48–72 hours. This piece of information may aid in the establishment of combat and mass disaster evacuation patterns. Pasupuleti et al.[8] examined the effects of beta-1 blockers in a rat model of lung contusion and hemorrhagic shock; they claim that its use was ineffective in protecting the bone marrow cellularity. Even though this is a negative result and I feel that its presence here is justified in order to prevent would-be researchers from repeating it.

  Hemorrhage

  The most frequently reported studies refer to animal models in which a single hemorrhagic stroke was imposed upon the experimental model.

  Endothelial integrity and protection

  The endothelium is the first line of defense of end-organs against external aggression. Research around this theme indicates that the deleterious effects of hemorrhagic shock can be prevented through endothelial protection. Causey et al.[9] reports on data obtained from experiments in swine, in which a supraceliac cross clamp was applied simultaneously with a hemorrhagic stroke; valproic acid was administered simultaneously. Valproic acid reduced resuscitative requirements, and led to improved hemodynamics; evaluation of gene expression for specific growth factors showed that the treatment also minimized pathologic endothelial cell dysfunction through the expression of genes regulating endothelial transforming growth factors. They conclude that these genes were involved in the preservation of endothelial function, which was enhanced by valproic acid. In a second study[10], using a similar model, Causey et al.[9] formulated a concept that valproic acid confers relevant metabolic, cardiovascular and pathologic protection to individuals submitted to hemorrhagic hypotension. Still on the theme of valproic acid, Dekker et al.[11] used a swine model in which traumatic brain injury combined with hemorrhage was treated with fresh frozen plasma and valproic acid. In this clinically relevant large animal model of combined brain trauma and hemorrhage, the addition of valproic acid to fresh frozen plasma resulted in an early upregulation of platelet activation in the circulation and in the brain. I definitely believe that this is a theme that encourages future research. Endothelial integrity is the object of a study by Torres et al.[12], who evaluated the effects of hetastarch, lactated Ringer’s or fresh frozen plasma on endothelial glycocalyx, venular blood flow and coagulation in hemorrhaged rats. I believe it is useful to interrupt the narrative of the Torres et al.[12] findings with a note on glycocalyx: this is a glycoprotein-polysaccharide covering endothelial cell membranes which acts as an identifier capable of distinguishing between its own healthy cells, transplanted tissues, diseased cells, or invading organisms. Torres et al.[12] claim that their findings support the concept of cardiovascular and microvascular stabilization by infused fresh frozen plasma, in which the increase in microvascular perfusion associated with restored endothelial glycocalyx is essential for an optimal resuscitation strategy. The concept of glycocalyx integrity is further discussed in a situation of traumatic brain injury. Using a rat model, Jepsen et al.[13] examined the hypothesis that severe isolated traumatic brain injury causes shedding of endothelial glycocalyx as a consequence of the injury, and that this shedding is enhanced by valproic acid, which diminished the size of the brain lesion caused by the injury. Thus, rather paradoxically, it appears that the shedding of glycocalyx may be beneficial to the response of the brain to trauma. More research is clearly required to resolve these antagonistic reports. The role of endothelial integrity is also the object of a study by Johnson et al.[14], who report that, in a rat model of severe hemorrhage, arginase, an enzyme that competes for l-arginine with nitric oxide synthase, plays an essential role in the development of endothelial dysfunction in resistance vessels. In contrast, the ministration of exogenous nitric oxide to hamsters submitted to hemorrhagic shock by Nachuraju et al.[15] preserved microvascular perfusion and reduced hemorrhagic shock sequelae. The relevance, stability, and efficacy of exogenous, NO therapy in the form of NO-nanoparticles will potentially facilitate its intended use in trauma situations. Pati et al.[16] showed that the protective effects of fresh frozen plasma on endothelial permeability after hemorrhagic shock is time dependent and diminishes from day 1 to day 5 after the plasma is thawed. Deitch et al.[17] tested the hypothesis that trauma and hemorrhage are capable of inducing erythrocyte-endothelial adhesion. They show that erythrocytes obtained from rats subjected to trauma-hemorrhage can be used to determine the role of endothelial receptors in the increased adhesive response. It is known that red blood cells normally express the CD36 adhesion molecule, which normally binds to endothelial cell receptors. In conditions of trauma-hemorrhage mesenteric lymph carries gut derived factors, which induce enhanced CD36 expression. These findings may explain the microvascular dysfunction occurring after trauma-hemorrhagic shock, sepsis, and other stress states.

  Vascular reactivity

  Vascular reactivity is an obviously significant element in the natural history of shock and has been frequently examined during this period. Zhu et al.[18] describe the role of adenosine A2A receptors in organ specific vascular reactivity following hemorrhagic shock in rats. They studied the thoracic aorta, and samples of femoral, renal, superior mesenteric, pulmonary and middle cerebral arteries. Interestingly, the reactivity of the femoral, mesenteric, renal and middle cerebral arteries increased during early shock and decreased thereafter, whereas that of aorta end pulmonary artery decreased throughout the period. The interesting point is that the rate of loss of vascular reactivity in the different vessels was negatively correlated with adenosine A2A receptors expression levels in normal and shock conditions. They conclude that the expression of these receptors may have beneficial effects on shock by improving vascular reactivity and hemodynamic parameters. The problem of vascular reactivity was also studied by Yang et al.[19], who claim that mitogenactivated protein kinases are essential for the regulation of mesenteric arteries following shock.

  Xu et al.[20] have likewise connected protein Kinase C to hemorrhagic shock; they reported experiments performed in superior mesenteric arteries of rats which show that the kinase is involved in the regulation of calcium sensitivity after hemorrhagic shock; the use of antagonists of this signaling molecule decrease and aggravate calcium desensitization induced by shock. In the same line, Hu et al.[21] report on the effect of the BK Ca++ activated potassium channel activator NS1619 against shock induced vascular hyporeactivity. They found that if rats were pretreated with the channel molecule, then submitted to hemorrhagic shock, their 72 hours survival rate was increased and suggest the BK Ca++ channel may be a target for the treatment of shock induced vascular hyporeactivity. This is probably a line of research that may add essential tools for the treatment of the more pernicious shock conditions.

  Mesenteric lymph and shock

  Shock has been long recognized as an essential factor in the breakdown of the gut-blood defense barrier. It would thus be obvious to expect that mesenteric lymph might be an essential culprit in the development of organ dysfunction in this condition. In a previous study, Sambol et al.[2] had noted that the myocardial dysfunction which follows trauma and/or hemorrhage can be prevented by mesenteric lymph duct ligation; in their present study[22] they show that mesenteric lymph collected from rats submitted to trauma plus hemorrhage and applied to isolated cardiac myocytes induced an immediate increase in the amplitude of cell shortening followed by a complete block of contraction, concomitant with a similar dual positive - negative effect on Ca++ transients. It thus appears that T/HS lymph directly causes negative inotropic effects on the myocardium and that lymph from trauma/hemorrhaged rats induced changes in myocyte function that are likely to contribute to the development of myocardial dysfunction. I see this as a classic type of evidence that was first developed as the postulate on chemical mediation proposed in 1934 by Nobel laureate Sir Henry Dale[4]. Morishita et al.[23] studied the effects of post-hemorrhagic shock mesenteric lymph collected from rats on isolated human neutrophils and conclude that this lymph contains biologically active lipids, which may be involved in the pathogenesis of acute lung injury and/or multiple-organ dysfunction syndrome. More recently, Zhao et al.[24] induced shock in rats by superior mesenteric artery occlusion and studied the effect of mesenteric lymph reperfusion. The mesenteric lymph duct was occluded for one hour. The occlusion induced increased levels of the endotoxin-lipopolysaccharide receptor, of the lipopolysaccharide-binding protein, of the intercellular adhesion molecule-1 and of tumor necrosis factor-α. Concurrently, mesenteric lymph reperfusion after superior mesenteric artery occlusion further aggravated these deleterious effects. Thus, lymph reperfusion exacerbated the endotoxin translocation in brain; thereby an increased inflammatory response occurred, suggesting that the intestinal lymph pathway plays an important role in the brain injury after superior mesenteric artery occlusion shock.

  Aortic occlusion

  Two papers analyzed the potential therapeutic effect of aortic occlusion after severe blood loss. Avaro et al.[25] described the feasibility of aortic balloon catheter occlusion in intra-abdominal hemorrhage in pigs and found that the occlusion, followed by surgical damage control improved survival in this animal model of uncontrolled hemorrhagic shock caused by abdominal trauma. Thus, aortic balloon occlusion could be considered for the management of severe abdominal trauma. Along the same line, Markov et al.[26] employed a porcine model to test the effects of resuscitative endovascular balloon occlusion of the aorta. Their results indicate that shock improves mean central aortic pressure, but is associated with a greater lactate burden; however, this lactate burden returned to control levels within the study period. They claim that the procedure is ultimately survivable and potentially life-saving. This is still a very precarious concept requiring further examination before being even considered for clinical use. Rocha et al.[27] analyzed pulse pressure variation in anesthetized male pigs under four different respiratory regimens: I) normovolemia and spontaneous breathing; II) hypovolemia and spontaneous breathing; III) hypovolemia under mechanical ventilation; and IV) after volume replacement, under mechanical ventilation. Cardiac output, pulmonary artery occlusion pressure, systolic pressure variation, mean arterial pressure, and heart rate were measured at all stages; red blood cell count was determined at stages I, II, and IV. Pulse pressure variation values were higher during spontaneous breathing than during mechanical ventilation. This may be a useful model for the assessment of fluid volume, with baseline values as a starting point to which serial measurements should be compared after the institution of specific therapies.

  Trauma

  A number of animal trials have been performed on the combined effects of hemorrhage and trauma. Here we deal only with trauma not affecting the brain, which will be the object of the next section. Nöt et al.[28] studied the effects of glucosamine (to increase O-GlcNAc synthesis) or O-(2-acetamido-2-deoxy-D-glucopyranosylidene) amino N-phenyl carbamate – PUGNAc (to inhibit O-GlcNAc removal) in rats subjected to a trauma-hemorrhage protocol. By way of clarifying concepts I have allowed myself to note that O-GlcNAc is a special type of protein glycosylation factor that acts exclusively within the nuclear and cytoplasmic compartments of the cell. The maintenance of O-GlcNAc synthesis (through glucosamine or PUGNAC) was shown to increase survival of hemorrhage/traumatized rats. However, only PUGNAc treatment attenuated significantly the subsequent tissue injury and inflammatory responses, suggesting that inhibition of O-GlcNAc removal may represent a new therapeutic approach for the treatment of hypovolemic shock. Kim et al.[29] evaluated the effect of 17β-estradiol administration on cardiovascular parameters in male rats after trauma-hemorrhage for an extended period (3 hours) of severe hypotension; this study was based on single photon emission computed tomography imaging performed on the blood-pool. They found a significantly larger blood volume in heart, kidney, and liver of rats after therapy, which supports the notion that 17β-estradiol produces salutary effects on the cardiovascular system after trauma-hemorrhage. Chai et al.[30] studied the effect of exogenous hydrogen sodium sulfide (NaHS) on the evolution of trauma + hemorrhage in rats resuscitated with Ringer lactate, with/without the addition of hydrogen sulfide. NaHS resulted in an increase in mean arterial blood pressure, positive and negative left ventricular pressure [dP/dt(max)]. Aspartate aminotransferase, alanine aminotransferase, blood urea nitrogen, and serum creatinine were reduced in the NaHStreated group. NaHS also significantly reduced the mortality rate at 24h. The study demonstrates that exogenous NaHS confers protective effects after trauma-hemorrhage and resuscitation, by preventing a decrease in the antioxidant defense system. Once again, it is a study that requires more research but such research is certainly justified by results so far expounded.

  Resveratrol has been shown to have protective effects for patients in shock-like states, and protein kinase B is known to play a role in pro-inflammatory events in response to injury. Tsai et al.[31] endeavored to determine whether resveratrol provides cardio-protection mediated via an protein kinase B -dependent pathway in rats submitted to trauma plus hemorrhage. Their results suggest that resveratrol attenuates cardiac injury following trauma-hemorrhage, which is, at least in part, due to its anti-inflammatory effects via the protein kinase B - dependent pathway. Pulathan et al.[32] evaluated the effect of ethyl pyruvate on the systemic inflammatory response and lung injury in an experimental rat model of ruptured abdominal aortic aneurysm. Compared to untreated animals, rats treated with ethylpyruvate presented reduced levels of serum myeloperoxydase, malondialdehyde, and tumor necrosis factor-a. They conclude that ethyl pyruvate reduces systemic inflammatory response and lung injury resulting from trauma and shock. Taghavi et al.[33] note that patients suffering from penetrating trauma and severe hemorrhagic shock are at risk of receiving positive pressure ventilation during transport to definitive care. They claim that this mode of ventilation has harmful physiologic effects in severe low-flow states and that a different regimem, termed permissive hypoventilation would result in better outcomes. Therefore they set up a swine model to test the concept that “permissive hypoventilation,” where manual breaths are not given and oxygen is administrated passively via facemask. They found that although permissive hypoventilation leads to respiratory acidosis, it results in less hemodynamic suppression and better perfusion of vital organs. They suggest that in severely injured patients, with penetrating trauma, consideration should be given to immediate transportation, rather than to positive pressure breathing procedures. This is part of a rather controversial concept according to which rapid transport to an emergency care unit is more essential than pre-hospital interventions. It is quite obvious that trauma, in itself defies concepts of simple unilateral solutions. The same will apply to the reports under the next three headings, namely traumatic brain injury, burn and sepsis.

  Traumatic brain injury

  Seven papers analyzed animal models of traumatic brain injury. The lingering controversy on whether hypertonic saline or mannitol is more effective in the treatment of traumatic brain injury was revisited by Marks et al.[34] they find that the two formulae are undistinguishable in terms of the activation of the neutrophil-endothelial interaction in the brain. However, additional studies may be needed to determine whether either type of osmotherapy has more subtle effects on the interaction in terms of a potential clinical advantage. Chen et al.[35] note that traumatic brain injury may influence the physiological response to acute blood loss and endeavored to determine if the combination of severe hemorrhage and standardized brain trauma may influence the dynamics of the microcirculation. This study was performed in rats; the effects of hemorrhage vs. traumatic brain injury upon red blood cell velocity and blood flow in arterioles and venules were compared. Venular dynamics was similar in both groups, arteriolar velocity and blood flow decreased to a similar extent in both groups; however, 60 min after the insult an overshoot of velocity and flow was observed exclusively in the combined insult group. It thus appears that the brain insult modulated arteriolar responses to hemorrhage in third-order vessels, but further research is necessary to precisely define the role of brain insult on the microcirculation in tissues vulnerable to hemorrhage. Skotak et al.[36] describe a new model of graded neurotrauma by varying the helium pressure in a trauma tube applied to rats. The immunostaining for immunoglobulin G of brain sections of these rats sacrificed 24 hours afer exposure showed a diffuse breakdown of the blood-brain barrier in the cerebral parenchyma. A non-linear function of acute response and of mortality vs. peak helium pressure is reported. Abdul-Muneer et al.[37] induced mild traumatic head injury in rats and found that brain injury is initiated by the induction of the free radical-generating enzymes NADPH oxidase-1 and inducible nitric oxide synthase. This hypothesis was further confirmed by the activation of caspase-3 and cell apoptosis mostly around the perivascular region. As discussed earlier, Jepsen et al.[13] examined the hypothesis that severe isolated traumatic brain injury causes shedding of endothelial glycocalyx. Also as previously noted, the interaction of valproic acid with traumatic brain injury was reported by Dekker et al.[11] in a clinically relevant large animal model of combined brain trauma and hemorrhage. Dekker et al.[38] examined the interaction of traumatic brain injury and hemorrhage in swine treated with normal saline, hypertonic saline + hetastarch or fresh frozen plasma. The main object of this investigation was to determine the effects of the alternative treatments on coagulation and endothelial function. Normal saline was associated with an early activation of coagulation, anticoagulation and endothelial function. Thus, normal saline may be considered to be a superior form of treatment in terms of coagulation. However it is pertinent to ask whether this response is ultimately beneficial.

  Burn

  Two papers analyzed experimental burn models. Hernekamp et al.[39] analyzed the effects of plasma obtained from rats submitted to thermal burn and transferred to healthy unburnt rats. Cinanserin, a specific 5-HT2 receptor-blocking agent was administered to determine whether burn induced systemic edema can be reduced. Intravital microscopy was performed in mesenteric venules to determine systemic edema by FITC-albumin extravasation. Additionally, leukocyte activation (cells/ mm2) was observed. Burn-plasma-transfer results in systemic capillary leakage leading to systemic burn edema. However, intraveneous application of Cinanserin abolished this response. They conclude that this specific 5-HT2 antagonism reduces systemic burn edema and leukocyte activation after plasma transfer. Reduction of capillary leakage may be partially mediated by leukocyte dependent as well as independent mechanisms. The entire subject of vascular permeability in burn injury has been expertly reviewed by Huang et al.[40] covering a large amount of scientific information in many instances published in Chinese periodicals and infrequently cited in the western scientific press. Very detailed data from these publications are reproduced and should be carefully analyzed by readers interested in the theme.

  Sepsis

  This is not a comprehensive examination of published work on sepsis, but  exclusively about articles on sepsis accompanying experimental shock procedures. Maybauer et al.[41] used a well established ovine model of septic shock following severe smoke inhalation injury to perform a prospective, randomized, controlled experimental study; the object of this study was to determine the effects of the peroxynitrite decomposition catalyst WW-85 on global hemodynamics and regional microvascular blood flow. The untreated control group developed a hypotensive, hyperdynamic circulation condition and increased plasma levels of nitrate and nitrite. All hemodynamic variables were significantly improved in the treatment group. Cerebral blood flow deteriorated in controls, but was significantly improved in cerebral cortex, cerebellum, pons, medulla oblongata, and thalamus by WW-85. These results provide evidence that WW-85 blocks NO production, thereby improving cardiovascular function and microcirculation. Miranda et al.[42] investigated the effects of heparin on endotoxemia-related microcirculatory changes and compared them to those observed with the use of recombinant human activated protein C. Heparin decreased lipopolysaccharide-induced leukocyte rolling and arteriolar vasoconstriction; survival increased in treated vs. non-treated animals. Administration of heparin plus recombinant human activated protein C was associated with a significant attenuation of lipopolysaccharide-induced capillary perfusion deficits. They claim that heparin yields protective effects on endotoxemic animals' microcirculation. Those benefits were potentiated when heparin was administered in conjunction with recombinant human activated protein C.

  Small volume hypertonic resuscitation

  No review on shock and/or trauma by this writer would be complete without reference to this final theme. It became a theme of intense basic and clinical research in the seventies and eighties as a consequence of research in which this writer played a role and is still present in current reports. A comprehensive review on the subject has been published elsewhere[43], but a number of new reports have appeared. Gong et al.[44] evaluated the effect of 5% hypertonic saline on the interaction of neutrophils and endothelial cells in the blood brain microcirculation. They find that at this unique endothelial barrier neutrophil-endothelial crosstalk is activated in contrast to what occurs in other locations. Granfeldt et al.[45] combined 7.5% NaCl with adenosine, lidocaine and magnesium (Mg2+) and found significant improvements in cardiac index and oxygen delivery vs. conventional 7.5% NaCl. The increase in cardiac index was due to a twofold increase in cerebrovascular accident volume. It is obvious that adenosine and Mg may have been instrumental in this response; the role played by lidocaine requires further investigation. Dubick et al.[46] report that hypertonic acetate resuscitation from aortic cross-clamping offered only minor advantages over hypertonic bicarbonate in terms of blood flow and anti-oxidant status. This observation should be coupled with a previously reported one[1] showing that hypertonic acetate induces significant pulmonary vasoconstriction. It is consequently safe to state that hypertonic acetate is not an adequate resuscitative solution. In the only report cited in this review which is not an animal model, Mola et al.[47] tested the safety and efficacy of hypertonic saline vs isotonic saline in off-pump coronary artery bypass grafting and found that the solution is safe and raised venous pressure return during the critical period of arterial anastomosis. As reported above, Dekker et al.[38] found that treatment of traumatic brain injury plus hemorrhage with hypertonic saline + hydroxyethylstarch is less effective that normal saline treatment. Also as reported above, Marks et al.[34] revisited the theme of hypertonic saline vs. mannitol for the treatment of traumatic brain injury. Taken together, these reports indicate a general shrinkage of interest surrounding small volume hypertonic resuscitation, which may eventually turn out to be useful in different scenarios, as for instance in cardiac surgery.

   

  CONCLUSION

  This provocative collection of articles describing experimental models of the effects of shock and trauma upon the cardiovascular system indicate that valuable information drawn from experimental models has been developed over the past 5 years concerning endothelial stability, mesenteric lymph, vascular reactivity, traumatic injuries, burn and sepsis. The author is obviously very glad to note that a surviving interest in hypertonic saline still persists.
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    ABSTRACT

    Aberrant origin of vertebral artery is rare. The anatomical features and clinical significance of this lesion remain to be clarified. A comprehensive collection of the pertinent literature resulted in a cohort of 1286 cases involving 955 patients and 331 cadavers. There were more left than right and more unilateral than bilateral aberrant vertebral arteries. Patients with aberrant origin of vertebral artery were often asymptomatic and in only 5.5% of the patients their symptoms were probably related to the aberrant origin of vertebral artery. The acquired cardiovascular lesions were present in 9.5% of the patients, 20.9% of which were vertebral artery-associated lesions. Eight (0.8%) patients had a vertebral artery dissection. Logistic regression analysis showed significant regressions between bovine trunk and left vertebral artery (P=0.000), between the dual origins of vertebral artery and cerebral infarct/thrombus (P=0.041), between associated alternative congenital vascular variants and cervical/aortic dissection/atherosclerosis (P=0.008). Multiple logistic regression demonstrated that side of the aberrant origin of vertebral artery (left vertebral artery) (P=0.014), arch branch pattern (direct arch origin) (P=0.019), presence of the common trunk (P=0.019), associated acquired vascular disorder (P=0.034) and the patients who warranted management (P=0.000) were significant risk predictors for neurological sequelea. The patients with neurological symptoms and those for neck and chest operations/interventions should be carefully screened for the possibility of an aberrant origin of vertebral artery. The results from the cadaver metrology study are very helpful in the design of the aortic stent. The arch branch pattern has to be taken into consideration before any maneuver in the local region so as to avoid unexpected events in relation to aberrant vertebral artery.

    Keywords: Neurologic Manifestations. Vertebral Artery. Vertebral Artery Dissection.

  

   

   

  INTRODUCTION

  The vertebral artery (VA), which usually arises from the posterosuperior aspect of the first part of the subclavian artery and enters into the intracranial space via the dura mater at first cervical vertebra (C) and reaches C6 after traveling through the foramen transversarium, is an important blood supply of the brainstem and cerebellum[1]. VA pathologies, including anomalous origin and course, dual arteries, duplication, fenestration, tortuosity, elongation, kinking, arachnoid cysts, aneurysmal formation and associated hereditary connective tissue disorder, implicate typically in cerebrovascular events as a source of blood supply of posterior circulation[2]. Steal syndromes can be present in the condition of certain situations characterized by VA flow inversion[3]. Aberrant origin of VA is a rare variant of VA pathologies implicating in not only cerebrovascular events, but also VA dissection[4] and surgical anatomy of local regions in particular in the operation of the carotid artery[5] or aortic arch[6]. The ‘‘vertebral arteria lusoria’’, although even more rarely seen, should be considered in the patients undergoing esophageal surgery, and unawareness of such an aberrant VA may cause life-threatening events[7]. Moreover, dual origins of VA should be recognized in preoperative evaluation of patients with extracranial vascular disease[8]. This article aims to highlight the clinical importance and surgical anatomy of the aberrant origin of VA.

   

  METHODS

  Publications in English language reporting on aberrant VA until February 2015 were retrieved in MEDLINE, Highwire Press and Google search engines. The search terms “aberrant origin”, “dual/duplicated/bifid origins”, “vertebral artery” and  “aortic arch branching” were searched.

  Primary exclusion criteria included articles describing aberrant origin of VA without giving patient number, other types of lesions of VA than aberrant origin. Studies with no complete data were excluded for the pertinent statistical analyses. Data were carefully extracted for details of the patient population, demographics, clinical symptoms, characteristics of VA, aortic branching pattern, common trunk of the artery, entry of VA into the foramen transversarium, associated congenital/acquired vascular disorders, associated otherwise disorders and cerebral events, etc. This rare condition was mostly reported in sporadic single cases or small series while a few with larger patient population. Accordingly, the qualitative analysis of the collective data from the retrieved articles constituted a systematic review, as suggested in the Quality of Reporting of Meta-Analyses (QUOROM) recommendations.

  The study subjects were divided into two groups, cadaver and patient groups. The anatomy study involved both groups; while the clinical study was performed solely in the patient group.

  Quantitative data were presented as mean ± standard deviation along with range and median values, and intergroup differences were compared by unpaired t-test. Comparisons of frequencies were performed by Fisher’s exact test. P<0.05 was considered statistically significant.

   

  RESULTS

  The literature retrieval generated a total of 214 articles with 1286 cases involving 955 (74.3%) patients and 331 (25.7%) cadavers.

  There were 345 (58.5%) males and 245 (41.5%) females of the studying subjects whose gender was given. The gender ratio was 1.41. The patients’ age was 48.2±21.0 (range, 0-89; median, 51) years (n=130) and the cadaver’s’ age was 57.4±23.4 (range, 0-94; median, 61) years (n=46).

  The presenting symptoms or causes for presentation were described in 168 (17.6%) individuals of the patient group. Five (3.0%) patients were asymptomatic and 163 (97.0%) were symptomatic. Of the latter, the symptoms were associated probably with the lesions of the aberrant VA in 9 (5.5%) (Table 1), and due to lesions other than aberrant VA (including cerebral hemorrhage, cervical arterial disorder, post-traumatic syndrome, or aortic dissection) in the remaining 154 (94.5%) patients.
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  There were more left than right and more unilateral than bilateral aberrant VAs (Table 2).
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  The single aberrant origin and dual origins of VAs were depicted in Tables 3 and 4. Hypoplastic VAs were found in 28 (2.2%) cases. Abnormal course of the aortic arch branches was found in 31 (2.4%) cases, with aberrant right VA being the most common (60%). The fusion level of the dual origins of the VAs was reported in 20 (1.6%) patients for 21 pairs of VAs, of which the left VAs fused most frequently at C5-6 (33.3%). Level of entry of the VAs into the foramen transversarium were expressed for 100 left and 33 right VAs with most of the left VAs entering into C5 (43%) and most of the right entering into C7 (21.2%).
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  Aortic arch branching was stated in 1270 (98.7%) cases, including 1 (0.1%) 2-vessel, 236 (18.6%) 3-vessel, 1011 (79.7%) 4-vessel and 21 (1.7%) 5-vessel aortic arch branching patterns. The brachiocephalic trunk-left common carotid artery-left VA-left subclavian artery pattern was the most common 4-vessel arch branching pattern accounting for 84.8% (Figure 1). Two hundred and eleven common trunks of the arteries were found in 207 (16.1%) cases with one common trunk in 203 (98.1%) patients and two common trunks in 4 (1.9%). The bovine trunk (i.e., the common trunk of the brachiocephalic trunk and left common carotid artery) was the most frequent arterial trunk seen in this cohort.
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  A total of 115 (12.0%) patients had one or more congenital cardiovascular anomalies, where aberrant right subclavian artery was the most common (55.7%). In the patient group, 89 (9.3%) patients had one or more acquired vascular associations, including aneurysms, obstructions, stenosis, thrombus formation and dissection, etc., 18 (20.2%) of which were VA-associated lesions and 8 (0.8%) having a VA dissection.

  There were 43 (4.5%) patients with cerebrovascular lesions, including cerebral infarcts[9-24] in 17 (39.5%), cerebral vascular aneurysms without cerebral hemorrhage[14,23,25,26] in 4 (9.3%) and cerebral hemorrhage in 18 (41.9%), and ischemic cerebrovascular disease[25], transient ischemic attack[14], partial thrombus detected in the left internal jugular vein and sigmoid sinus[27], and vertebrobasilar insufficiency[28] in 1 (2.3%) patient each. The 18 cerebral hemorrhages were subarachnoid hemorrhage in 14 (77.8%)[29-39] (8 were associated with an aneurysm of the cerebral artery[29-31,33,35-37,39]), intraventricular hemorrhage in 2 (11.1%)[40,41] and intracerebral hemorrhage[42] and subarachnoid and intraventricular hemorrhages[43] in 1 (5.6%) patient each.

  The cardiovascular, cerebrovascular, or orthopedic complications, accounting for 84.8% (78/92), 13.7% (13/95) and 4.2% (4/95), respectively, were described along with their management in 95 (9.9%) patients. There were no significant differences in the curative ratio and mortality between the cardiovascular and cerebrovascular groups (curative ratio: 84% vs. 63.6%, χ2=1.8, P=0.176; mortality: 4% vs. 0%, χ2=0.5, P=0.501). The curative ratios did not show any significant differences between the surgically, conservatively and interventionally treated patients of the cardiovascular group (80% vs. 80% vs. 100%, χ2 = 1.2, P=0.551) (Table 5).
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  Logistic regression analysis showed significant regressions between bovine trunk and left VA (P=0.000) of the whole setting, and between the dual origins of VAs and cerebral infarct/ thrombus (P=0.041), between associated alternative congenital vascular variants and cervical/aortic dissection/atherosclerosis (P=0.008) of the patient cohort. No correlation was found between associated alternative congenital vascular variants and VA dissection/stenosis (P=0.792) or between dual origins of VA and female gender (P=0.788).

  Multiple logistic regression demonstrated that side of the aberrant origin of VA (left VA) (P=0.014), arch branch pattern (direct arch origin) (P=0.019), presence of the common trunk (P=0.019), associated acquired vascular disorder (P=0.034) and the patients who warranted management (P=0.000) were significant risk predictors for neurological sequelea; while gender (P=0.512), patient’s age (P=0.069), aberrant origin of  VA (P=0.075), hypoplasia of VA (P=0.669) and abnormality of VA (P=0.944) were not.

   

  DISCUSSION

  Incidence

  Direct aortic origin of left VA is the most frequent anatomic variant of VA with a prevalence of 2.4-5.8% in several large autopsy series[44], 2.4-2.5% in patients for cerebral angiography for different reasons[4,45] and 5.25% in patients with suspected extracranial cerebrovascular disease by selective 4-vessel angiography[46]. Aberrant right VA is an extremely rare anomaly[47]. Ding et al.[48] reported a cadaver series of 12 VAs with an aberrant origin, which were all presented on the left, arising from the aortic arch (83.3%) (75% of which originated from the arch between the left common carotid and left subclavian arteries), left common carotid (8.3%) and left external carotid arteries (8.3%). Tsai et al.[49] described, in patients with an aberrant right subclavian artery, the overall prevalence of left VA anomaly was 5.9% (6/102) and that of right VA anomaly was 13.7% (14/102). However, the true incidence of an anomalous origin of right VA from the right common carotid artery remains unknown[50]. With reference to the circumference of the subclavian artery, the location of the origin was cranial in 47%, dorsal in 44%, caudal in 6% and ventral in 3% with an even distribution between the cranial and dorsal quadrants[51].

  Embryology

  The VAs develop between 33 and 55 days during intrauterine life. The VA is normally formed by the longitudinal anastomoses linking the 7 cervical intersegmental arteries. The intersegmental arteries obliterate soon except for the 7th intersegmental artery, which develops into the subclavian artery involving the origin of VA. In a few cases, the anastomosis between the 6th and 7th intersegmental arteries does not develop on the left side and the 6th intersegmental artery remains, and then the left VA is arising from the aortic arch between the left common carotid and subclavian arteries. Cranial migration of the right VA can result in its branching directly of the aortic arch, and migration relative to the right thyrocervical trunk can lead to some of the other variants[52]. Origin of VAs from the aorta suggests that part of the aortic arch arises from the left 7th intersegmental arteries or there was increased absorption of embryonic tissue of the left subclavian artery between origin of aortic arch and the VA[53]. A faulty degeneration of the primitive dorsal aorta and two intersegmental arteries is considered to be responsible for the development of duplicate VAs[54].

  Anatomy

  Normally, the VA starts above the first rib plane, accounting for 97.1% (99/102) while in a few cases, its origin was below the first rib plane but in the thorax instead accounting for 2.94% (3/102) [48]. Meila et al.[25] reported that 94.2% of left VA originated from left subclavian artery and entered the foramen transversarium at C6 in nearly all cases; and 6.3% of left VA originated from the aortic arch and entered the foramen transversarium either at C4, C5 or C7 but never at C6. Uchino et al.[23] noted that most left VAs with direct aortic origin proximal to the left subclavian artery entered C4 or C5, and all left VAs with direct aortic origin distal to the left subclavian artery entered C7. All right VAs with proximal right subclavian origin entered C5, C4, or C3; whereas the aberrant right VA entered C7. Moreover, the duplicated segments of left VA fuse at the C5-6 level into a single VA, which then enters the foramen transversarium of C5[3,55,56].

  Dodevski et al.[57] reported that the VAs on both sides were equal in diameter in 23.3% patients. The right VA was larger in 30% patients, and the left VA was larger than the right in 46.6% patients. Hypoplasia of VA was found in 6.67% patients. In two patients hypoplasia was on the right side, in one patient on the left side, and in one patient bilateral hypoplasia of the vessel on both sides. Matula et al.[58] stated a hypoplastic artery diameter <3.5 mm was found in 16 (6.96%) cases. Trattnig et al.[45] reported 4.78% of hypoplasia was found on the right side and 2.17% on the left side. Patients with hypoplastic VA may have a high probability of posterior circulation stroke, with atherosclerotic susceptibility and ipsilateral lesions in the VA territory[59].

  The significance of the common trunk of the arteries has not been properly indicated in the literature. In 1967, Mueller & Hinck[60] described one patient with bilateral subclavian artery obstruction occurring distal to the origin of VAs. Both VAs supplied to the thyrocervical trunks via extensive collateral vessels, which was termed as “thyrocervical steal”. The incidence of a common trunk of the VA and thyrocervical trunk originating from the subclavian artery was 0.58%, and the incidence of a common trunk of the right and left VAs and inferior thyroid artery were 0.64% and 0.13%, respectively[37]. Ding et al.[48] presented a case of cadaver whose left VA originated from the left external carotid artery forming a common trunk with the occipital and posterior auricular arteries.

  The frequency of duplication of the VA has been identified in 0.72% of cadavers[19]. Prevertebral duplication may occur when a portion of the primitive dorsal aorta persists along with two intersegmental vessels connected to the true VA[61]. Another explanation is a failure of the fifth or sixth intersegmental artery to regress, which adds a further origin to the VA along with the normal 7th segment[55]. On the right side, both segments usually derive from the right subclavian artery. On the left side, the lateral crus of the duplicated artery commonly starts from the left subclavian artery and the medial one from the aortic arch, between the left common carotid artery and the left subclavian artery. There were also reports of duplicated vessels derived from the thyrocervical trunk[62]. When one of the duplicated origins connects with the contralateral VA and the other ends more distally, opens into the basilar artery. The duplication of the VA might be connected with morphological changes of the VA wall[63]. A duplicated VA is a significant predisposing factor of vertebrobasilar cervical artery dissection due to local histological defects or significant hemodynamics alterations[10,64]. Clinically, patients with diagnosed VA duplication can present a variety of symptoms such as vertigo, dizziness or occipital heaviness. A probable explanation for this is that the lumen of the duplicated vessels can be decreased, predisposing it to easier kinking, resulting in posterior circulation insufficiency[65]. The VA can be easily damaged during severe cervical spine injuries with rapid subluxation, deceleration, fracture through the foramen transversarium, or flexion of the cervical spine, i.e., the VA is easy to suffer from trauma, contusion and crushes as a result of cervical spine injuries[66].

  Metrology of the vessels demonstrated that the length of the prevertebral segment of the aberrant left VA was 88.5 mm, and the length of the prevertebral segment of the right VA was 44.3 mm[67]. Aortic arch branch measurements showed that left VA had a smaller diameter but longer distance from the mid-vertebrae line (Table 6).
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  In only one (11%) cadaver the left VA arose with the left subclavian artery from a common trunk. The trunk originated from the arch behind the left common carotid artery. The diameter of the trunk was 20.0 mm. The distance from its origin to the mid-vertebrae line was 31 mm[68]. The mean distance between the brachiocephalic trunk and left common carotid artery was 0.1-0.5 cm and between the left common carotid artery and left subclavian artery was 0.3-2.0 cm[69]. Some authors tried to depict the anatomy of the dual originated VAs, where the medial limb (3.9 mm in diameter at its origin) originated from its orthodox position, whereas the lateral limb (2.4 mm in diameter at its origin) arose more posteriorly close to the origin of thyrocervical trunk[56].

  Diagnosis

  Color Doppler sonography is the firstline imaging modality for evaluation of the VAs, although the origin cannot be visualized with this modality in a significant number of patients. Non-visualization of color signals and the absence of spectral tracings will easily establish a diagnosis of occlusion in the extracranial VA segment. In previously reported cases, the diagnosis of a duplicate origin was proven by angiography or, in 1 case, by angiography and magnetic resonance imaging[70]. An abrupt change in the diameter of the VA raised the possibility of a dissection[71]. Diagnostic problems may ensue when a filling defect is created at the junction between the anomalous origin and the normal origin of the VAs from non-opacified blood. An abrupt change in the size of VA at its juncture with a dual origin would suggest hypoplasia or even pathological narrowing of the vessel. With the increasing utilization of digital vascular imaging by way of the venous route, and with a smaller field of view, one may consider the VA to be hypoplastic or even occluded unless the possibility of a bifid origin is considered[31].

  Clinical Significance

  The patients with left VA variants are usually asymptomatic, or with symptoms resulting from other than the aberrant VA. Rare cases have presented with dizziness, but this does not seem to be associated with the anomalous origin[5]. The patients may be asymptomatic unless the VA is involved by atherosclerotic lesions[72]. The left VA origin anomaly with its C4 entrance and contralateral hypoplasia could cause ataxia during head rotation[5]. Symptoms of patients with duplicated VA are probably not related to these anomalies of VAs[62]. The significance of recognizing left lateral medullary infarction associated with mild intracranial VA stenosis[22]. The anomalous VA origin may be an independent risk factor for arterial dissection; the longer extra-cranial course may lead to increased vulnerability of the vessel wall to shear stress resulting in intimal tear and dissection[11]. Headaches and neurological symptoms in a patient with an anomalous VA origin should initiate a thorough investigation for arterial dissection[11].

  Komiyama et al.[4] in their study detected arterial dissection in 17 patients with an incidence of 1.9%. They analyzed that the left VA of aortic origin showed a remarkably higher incidence of arterial dissection than left VA of a left subclavian and right VA of a right subclavian artery origin. The reasons for the high incidence of arterial dissection associated with VA of aortic origin remain to be elucidated. An anomalous left VA arising directly from the aortic arch typically enters the C4 or C5 foramen transversarium, resulting in a longer course of VA in the neck, thus predisposing to VA dissection. The present study revealed an incidence of VA dissection of 0.9% (9/955).

  VA morphological variants determine regional hemodynamic solution[66]. The VA blood flow volume accounts for 31% of the total brain flow volume at the age of 4 years, and declines significantly thereafter until the age of 18 years. After this age the blood flow volume percentage of VAs stabilizes at 24%[66].

  There was no association between a bovine trunk and direct origin of left VA[73]. Also, there was no evidence of association between a dual left VA origin and distal vertebral thromboembolism, or between other vascular anomaly and premature atherosclerosis or intracranial dissection[22]. The incidence of duplicated VA among the patients for computed tomography angiography was 0.74%, all occurring in female patients[25]. Contrary to the above-mentioned, the present study revealed close relations between bovine trunk and left VA, dual origins of VAs and cerebral infarct/thrombus formation, and between associated alternative congenital vascular variants and cervical/aortic dissection/atherosclerosis, but no female gender predilection for dual origins of VA. Moreover, aberrant origin of left VA and aberrant origin of right subclavian artery were frequent in Down syndrome patients. In return, aberrant origin of left VA and right subclavian artery might be helpful in the diagnosis of Down syndrome[74].

  The usual procedures of endarterectomy of the proximal left VA or even transplantation to the left common carotid artery may not be necessary if the true anatomic configuration is identified[31]. The isolated left VA was reconstructed with a saphenous vein graft interposed between the native isolated left VA and the side of the graft branch anastomosed to the left subclavian artery[6].

  The patient management using an antiplatelet regimen is an alternative for these patients[75]. As an aortic arch surgery might be complicated by ischemic issues, which can be caused by unrecognized variation of its vascular anatomy[68], accurate assessment of anatomic variations of VAs is recommended before aortic arch surgery or endovascular interventions[5]. Care has to be taken when planning to cover the origin of left subclavian artery[76]. Detailed knowledge of an anomalous origin of supraaortic arteries is also of importance for patients who have to undergo 4-vessel angiography[77]. A duplicated VA influences surgical procedures performed on the head and neck region. Visualization of only one trunk of a double VA during catheterization can lead to misdiagnosing the VA as hypoplastic[78]. During surgical incision of the muscles of the transverse spinal processes (deep cervical region) one may damage an abnormally long prevertebral VA segment (V1)[66].

   

  CONCLUSION

  The patients with neurological symptoms and those for neck and chest operations/interventions should be carefully screened for the possibility of an aberrant origin of VA. The results from the cadaver metrology study are very helpful in the design of the aortic stent. The arch branch pattern has to be taken into consideration before any maneuver in the local region so as to avoid unexpected events in relation to aberrant VAs.
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    ABSTRACT

    Myocardial bridging is rare. Myocardial bridges are most commonly localized in the middle segment of the left anterior descending coronary artery. The anatomic features of the bridges vary significantly. Alterations of the endothelial morphology and the vasoactive agents impact on the progression of atherosclerosis of myocardial bridging. Patients may present with chest pain, myocardial infarction, arrhythmia and even sudden death. Patients who respond poorly to the medical treatment with ß-blockers warrant a surgical intervention. Myotomy is a preferred surgical procedure for the symptomatic patients. Coronary stent deployment has been in limited use due to the unsatisfactory long-term results.
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  INTRODUCTION

  Myocardial bridging is systolic compression of a tunneled coronary artery by the overlying myocardial tissue, which disappears completely during diastole[1]. This coronary anomaly is usually a benign condition, but it can be associated with a series of serious cardiac events, such as myocardial infarction, arrhythmia and sudden death[2]. Male predominance has been noted in large series of myocardial bridging patients[3]. The prevalence varies between 0.5% and 86% among different studies with a much higher rate at autopsy than in angiography[4].

  Myocardial bridges are most commonly localized in the middle segment of the left anterior descending coronary artery. Diagonal and marginal branches can be involved in 18% and 40% of cases, respectively. Myocardial bridging can be single or multiple. The multiple ones can occur in a same or different coronary artery or their branches[5]. Ferreira et al.[3] divided the myocardial bridging into two types: superficial and deep muscle types. The former does not constrict the coronary flow during systole; whereas the latter may compress the coronary artery, reduce the flow and induce myocardial ischemia. Noble et al.[6] categorized the systolic coronary narrowing into three classes: Class 1 (systolic coronary narrowing <50%), Class 2 (systolic coronary narrowing 50-75%) and Class 3 (systolic coronary narrowing >75%).

  The anatomic features of the bridges vary significantly with a length of 2.3-42.8 mm, a thickness of 1.0-3.8 mm and an angle between long axis of muscle fibers and long axis of the crossed vessel of 5°-90°[7]. It was reported that the mean length of the bridges was 14.64±9.03 mm and the mean thickness was 1.23±1.32 mm[8].

   

  PATHOPHYSIOLOGY

  The pathophysiology of myocardial bridging is insufficiently understood. Myocardial bridges are usually small and have no clinical significance. The segment proximal to the region of the myocardial bridging has been associated with atherosclerosis rather than the myocardial bridging segment itself[9]. Both hemodynamic and structural changes, such as blood flow disturbance, myocardial malperfusion, deposits of lipids and mucopolysaccharides and elastic damages, can be noted in the coronary artery segment proximal to a myocardial bridge. All these changes predispose to formation of atherosclerotic plaques in the intima of the coronary artery segment. Obviously, myocardial bridging is associated with degenerations of both myocardium and coronary artery[10]. The pathophysiological studies indicated significant impairment of coronary blood flow based on bridge obstruction as the underlying mechanism of sudden cardiac death in the patients with myocardial bridging[11].

  Alterations of the endothelial morphology along with disturbance of blood flow and high wall stress proximal to myocardial bridging have been identified as the main causes of atherosclerosis in the segment proximal to the bridge[12]. In addition, vasoactive agents (endothelin-1, endothelial nitric oxide synthase and angiotensin-converting enzyme) have been shown to be present in higher concentrations in the proximal portion of the myocardial bridging artery in comparison to the myocardial bridging segment, thereby supporting the mechanisms of atherosclerosis found in the proximal segment[13].

  The mechanical stress caused by systolic narrowing at the myocardial bridging segment may result in endothelial damage, which, conversely, may induce platelet aggregation, coronary vasospasm and eventually acute coronary syndrome[14]. Endothelial damage, vasospasm and atherosclerotic processes developing in the proximal portion of the bridging segment are alternative causes of ischemia. Hostiuc et al.[15] have reported significant myocardial fibrosis and interstitial edema in the myocardial bridging segment in patients with later sudden death.

   

  CLINICAL MANIFESTATION

  The clinical manifestations of the patients with myocardial bridging can appear in two ways: 1) by contraction of myocardial bridge fibers and direct compression of the tunneled segment; or 2) by stimulation and acceleration of atherosclerosis in the segment proximal to the myocardial bridging[8]. Significant myocardial bridging is often associated with total or subtotal occlusion of the left anterior descending coronary artery during systole. In patients with myocardial bridging, symptoms often manifest during exercise and with tachycardia[2]. The patient may manifest chest squeezing at rest[16]. In young patients with myocardial bridging, they may have an acute anterior myocardial infarction due to a subtotal occlusion of the mid-left anterior descending coronary artery caused by myocardial bridging[17]. Symptomatic patients with myocardial bridging may present with myocardial ischemia, acute coronary syndromes, coronary spasm, exercise-induced dysrhythmias (such as supraventricular tachycardia, ventricular tachycardia, or atrioventricular block), myocardial stunning, transient ventricular dysfunction, syncope, or even sudden death[18]. When myocardial bridging is associated with heart valve disorder or cardiomyopathies, the patients’ symptoms can be different. Sustained elevated troponin levels suggested the presence of myocardial ischemia[19].

  Coronary angiography, intracoronary Doppler imaging and intravascular ultrasonography have documented a characteristic diastolic flow disturbance. Three-dimensional speckle-tracking echocardiography can detect subtle myocardial dysfunction in patients with myocardial bridging in terms of amplitudes of longitudinal, circumferential and radial strains[20]. Multiple-slice computed tomography, stress single-photon emission computed tomography and stress echocardiography are helpful for the diagnosis of myocardial bridging. Multislice spiral computed tomography defines bridges as segments surrounded by myocardium and is more helpful in identifying hemodynamically significant myocardial bridging. On angiography, diagnosis depends on the change in diameter between systole and diastole within the bridged coronary segment. A significant “milking effect” is present when there is >70% reduction in minimal luminal diameter during systole and persistent >35% reduction in minimal luminal diameter during mid-to-late diastole. Systolic narrowing at the bridge can be accentuated by intracoronary injection of nitroglycerin by vasodilating adjacent non-bridged coronary segments[18].

  Metrological studies have revealed angiographically a systolic diameter reduction of 80.6±9.2% and a persistent diastolic reduction of 35.3±11% within the tunneled segment. Diastolic flow velocities within the bridging segment were much higher than those in the proximal and distal portions of the bridging segment. Coronary flow reserve distal to the bridge was 2.5±0.5[21]. The tunneled artery is significantly thinner (66.3 µm) than that of the proximal segment[22]. The intracoronary Doppler revealed a lumen reduction during systole secondary to systolic compression of the myocardial bridge was 36.4±8.8%[12].

   

  MANAGEMENT AND PROGNOSIS

  Pharmacological therapy

  Because the patients with myocardial bridging are at increased risk for atherosclerosis, antiplatelet therapy should be considered. For symptomatic patients, ß-blockers remain the main conservative treatment and they may relieve the patients from hemodynamic impairment caused by the myocardial bridging by decreasing the heart rate, increasing the diastolic coronary filling and decreasing the contractility and compression of the coronary arteries. Calcium channel blockers may have vasodilatory effects beneficial for the concomitant vasospasm. It is advised that vasodilating agents including nitroglycerin should be cautiously prescribed for the patients with myocardial bridging. Nitrates may exacerbate symptoms by intensifying systolic compression of the bridged segment and vasodilating segments proximal to the bridge, and therefore vasodilators should be avoided unless there is significant coexisting coronary vasospasm.

  Percutaneous coronary intervention

  Stent implantation in symptomatic patients with myocardial bridges may alleviate systolic coronary compression and improves patients’ conditions; however, potential complications of coronary artery and stent itself in relation to stent deployment have limited its use. However, drug-eluting stents may be preferable for the avoidance of future reintervention[18].

  Surgery

  Surgical intervention involves either supra-arterial myotomy or coronary artery bypass. Coronary artery bypass is indicated for the patients with extensive (>25 mm) or deep (>5 mm) myocardial bridging or when the tunneled coronary segment is unlikely to be decompressed completely in diastole[18]. The potential complications of myotomy include wall perforation, ventricular aneurysm formation and postoperative bleeding[18]; while the major concerns of coronary artery bypass in the patients with myocardial bridge is lower freedom of angina and graft failure[23]. Rezayat et al.[24] performed surgical myotomy for myocardial bridging in 26 patients and in one of the patients postoperative residual narrowing of the left anterior descending coronary artery was noted as the only complication of the patient cohort. Zhu et al.[25] reported their retrospective results of mini-incision myotomy for myocardial bridging of the left anterior descending coronary artery with a systolic narrowing extent of the bridging >60% in all 11 patients. Via a lower partial mid-sternotomy, 10 patients received surgical myotomy with one of them complicated with coronary artery impairment and off-pump coronary artery bypass was performed in this patient. Another patient had myotomy and concurrent repair of left anterior descending coronary artery-pulmonary artery fistula without pump. During the 2-51 month follow-up, one patient with myotomy having recurrent angina received medical treatment and the patient with coronary artery bypass also had recurrent angina and a coronary stent was deployed. Moreover, myotomy through heart-port access for myocardial bridging has also been reported[20].

   

  CONCLUSION

  Myocardial bridging is most often located in the left anterior descending coronary artery. It can be associated with a series of severe cardiovascular events, such as myocardial infarction, arrhythmia and sudden death. Symptomatic patients should be treated conservatively, interventionally or surgically depending on the patients’ conditions. Myotomy is a preferred surgical procedure for relieving the patients’ symptoms, improving the coronary flow and alleviating the coronary artery compression secondary to myocardial bridging.
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  CLINICAL DATA

  Preterm newborn at the 35th week, second day of life, 2.7 kg, male, referred to our service after presenting respiratory distress associated with cyanosis. Upon physical examination presented at a regular general condition, eupneic in use of an oxygen mask with saturation around 97%. Presence of systolic murmur 4+/6+ predominantly at the lower left sternal border. Clear lung sounds. No abdomen findings. Present and symmetrical peripheral pulses.

   

  RADIOGRAPHY

  Enlarged cardiac area mainly due to right atrial enlargement. Suggestive right aortic arch. Pleural-pulmonary spaces unchanged.

   

  ECHOCARDIOGRAM

  Situs solitus in levocardia. Normal venoatrial and atrioventricular connections. Presence of wide perimembranous ventricular septal defect (VSD), with a bidirectional flow without significant gradient on Doppler. Confluent pulmonary arteries (diameter: trunk 4.7 mm/3.9 mm right pulmonary artery/3.6 mm left pulmonary artery), absent right ventriculoarterial connection. Right aortic arch in continuity with the descendent aorta originating the right common subclavian and carotid arteries. Left aortic arch originating the left common subclavian and carotid arteries, interrupted right after the emergence of the patent ductus arteriosus which have a diameter of 2.2 mm.

   

  COMPUTED TOMOGRAPHY ANGIOGRAPHY

  No typical image of pulmonary valve or trunk suggesting pulmonary atresia. Descendent aorta positioned to the right of midline. Double aortic arch without typical vascular ring formation. The dominant arch is positioned to the right with a diameter of 6.7 mm. The second arch is smaller (diameter of 4.9 mm), continued to the left as patent ductus arteriosus (average size of 3.7 mm) providing blood supply to the right and left confluent pulmonary arteries (Figure 1). There was also a perimembranous VSD of about 7 mm.
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  DIAGNOSIS

  It is known that the double aortic arch is the most common form of vascular ring and can be defined as a congenital anomaly in which the aortic arch and its branches surround the trachea and the esophagus completely or incompletely possibly causing compression of these structures[1,2].

  The first description of this disease were apparently done by Hommel, in 1737, and the first surgical correction was performed by Gross[3], in 1945.

  It should be thought of double aortic arch in patients with dysphasia, stridor, cough, dyspnea, and upper respiratory tract infections[4].

  It can be diagnosed with the aid of echocardiography[1,5,6], axial computed tomography[6,7], magnetic resonance imaging[6,8], contrast esophagogram[4,6] and bronchoscopy[4,6].

  The most common form of double aortic arch is dominant right aortic arch, similar to the case presented, being present at 70% of the time. In 25% of cases there is a left dominant aortic arch and the remaining 5% can be two arches of the same size[1].

  Its correlation with other cardiovascular abnormalities, this malformation is less common. Backer et al.[4] reported this correlation in only 26 (12.4%) in a series of 209 patients submitted to complete vascular ring surgical correction at Children’s Memorial Hospital, in Chicago. When it occurs, it is often associated with a VSD although it can also occur with atrial septal defect, patent ductus arteriosus, tetralogy of Fallot or transposition of the great arteries (TGA)[1].

  Although the child may not present apparent cyanosis and clinical condition not drawing much attention, the echocardiogram was instrumental in the initial diagnosis and it demonstrated double aortic arch and pulmonary atresia with VSD. The additional anatomic details to orient the operation were obtained with the aid of the computed tomography angiography.

   

  OPERATION

  Because it was a case of pulmonary atresia with VSD, there was a necessity to perform a systemic-pulmonary shunt, reason why median sternotomy was chosen. To help the choice of what aortic arch must be sectioned, during the preoperative monitoring arterial lines were put into both radial arteries. With this, we could test it temporarily by occluding the vessels and observing the curves in the monitor.

  After complete dissection of the aortic branches, the presence of both aortic arches and ductus arteriosus was evident (Figure 2A). After identifying the right aortic arch, a heparin dose weight of 2 mg/kg was administered and an interposition of the polytetrafluoroethylene (PTFE) of 3.5 mm connecting to the bottom side of the right aortic arch to the upper side of the right pulmonary artery (Modified Blalock-Taussig) with an 8-0 polypropylene suture was performed (Figure 2B). With effective pulmonary blood supply, which it was necessary since it was a ductus arteriosus dependent congenital heart defect, it was possible to section and suture it and immediately after, the left aortic arch, which was apparently compressing the esophagus, what wasn’t seen in angiotomography (Figure 2C). The operation was performed normally without cardiopulmonary bypass.
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  After the procedure the patient had difficulty in weaning of the ventilator needing a tracheostomy and remained in the intensive care unit (ICU) for 20 days and have been in the semi intensive ICU for four months. He was discharged in excellent clinical conditions and in use of only aspirin.
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    ABSTRACT

    Ventricular constraint therapy has been used to prevent and reverse the progression of heart failure in ischemic and nonischemic cardiomyopathies. We hypothesized that ventricular restraint should be tried by closing the pericardium that was previously opened following left ventricle topographical projection. The surgical technique presentation is illustrated by a remarkable 13-year outcome of one patient with dilated cardiomyopathy treated surgically by mitral prosthesis, Cox/ Maze III surgery to treat atrial fibrillation, and associated to the ventricular constraint using the patient’s own pericardium. The ventricular pericardial restraint role is unclear, since the patient had multiple corrections that could be responsible for the good outcome; however it is viable deserving investigations.

    Keywords: Heart Failure. Pericardium. Cardiovascular Surgical Procedures. Cardiopulmonary Bypass.

  

   

   

  INTRODUCTION

  Dilated cardiomyopathy (DC) is one of the most serious cardiovascular diseases, leading to sustained and increased morbidity rates. It is a public health issue associated with poor outcomes in the adult population and has become the leading cause of death in adults[1].

  The incidence of heart failure (HF) in the United States has been increasing, with 825,000 new cases in 2013. Despite medical and surgical advances, 50% of patients diagnosed with HF die within five years[2]. This syndrome has many idiopathic causes as well as recognized etiologies, among which the most common is coronary artery disease. Other etiologies include tachycardia-induced cardiomyopathy, storage disorders, and metabolic disorders, viral and postpartum. As a consequence, the increased volume of the left ventricle (LV) causes wall stress and high energy expenditure, triggering a mechanism of positive feedback that leads to progressive cardiac remodeling, marked cardiomegaly, spherical LV deformation, and mitral valve insufficiency (MVI)[2].

  Although heart transplantation is still the gold standard of treatment for DC, most patients, such as those who are older adult patients and those with comorbidities or socioeconomic limitations, are excluded. In addition to neurohormonal blockade (developed in the latter years of the 20th century), selected patients with advanced HF have several alternatives treatments, such as cardiac resynchronization therapy or left ventricular assist devices, as well as surgical procedures, including mitral valve (MV) surgery (valve replacement or repair) and partial left ventriculectomy. These treatments should be considered as alternatives or bridge therapies to orthotropic heart transplantation.

  Ventricular constraint therapy has been used to prevent or reverse the progression of HF in ischemic and non-ischemic cardiomyopathies. Two devices have been used clinically: a polyester multifilament mesh (CorCap Cardiac Support Device, Acorn, St. Paul, MN, USA) and a nitinol mesh for ventricular wrapping (HeartNet device, Paracor Medical, Sunnyvale, CA, USA)[3]. We hypothesized that ventricular restraint should be tried by closing the pericardium that was previously opened following LV topographical projection.

   

  CASE ILLUSTRATION

  A 54-year-old male patient was attended for the first time in 2002 for a history of progressive dyspnea that had progressed to resting dyspnea (NYHA class IV). Physical examination revealed cardiac atrial fibrillation (AF), heart rate 160 bpm, jugular stasis, and a palpable liver situated at 3-4 cm from the right costal margin. He had a history of rheumatic heart disease, alcoholism, and smoking. An initial echocardiogram revealed the presence of mild deficiencies of the mitral and tricuspid valves associated with dilation of the heart chamber and an ejection fraction (EF) of 20%.

  During 18 months of nutritional and pharmacologically optimized treatment (consisting of the neurohormonal blockade, diuretics, digitalis and anticoagulant), the patient remained in the advanced stage of HF. This clinical situation was consistently associated with echocardiographic findings that were incompatible with the severity of his clinical status. Based on these indicators, we diagnosed the patient with dilated cardiomyopathy associated with severe HF, possibly indicating heart transplantation. The personal circumstances and difficulties inherent in transplant surgery, MV replacement, and treatment of AF were discussed. On that occasion, it was proposed that external ventricular constraint related to these procedures (using the Acorn CorCap device) could confer additional benefits. After extensive discussion with the heart team and the patient, it was decided to test the feasibility of external ventricular restriction using the patient’s own pericardium. After obtaining the consent of the patient to this trial, we proceeded with the surgical treatment.

  The surgical findings included the following: 1) atrial fibrillation (AF) rhythm; 2) great cardiomegaly at the expense mainly of the left atrium (LA) and LV; 3) cardiac index (CI) = 1.3; 4) mitral valve (MV) calcified and fibrotic at the edges with some shortening or lengthening chordal; and 5) a great left atrial appendage without thrombi. Under cardiopulmonary bypass and myocardial protection with blood cardioplegia, surgery was performed in four steps:

  1. Pericardiotomy following the topography of the heart — Preserving pleural integrity, we proceeded to perform a vertical pericardiotomy down to the level of the atrioventricular groove, diverting the incision obliquely toward the apex of the LV, as shown in Figure 1A (projection of the incision) and Figure 1B (pericardiotomy).
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  2. MV replacement — We used a biological MV prosthesis consisting of bovine pericardium (Braile-M29) and preserved the valve apparatus by performing a resection of the anterior leaflet in a lunate shape, between the edge where the chordae were inserted and the anterior annulus. We implanted the prosthesis using 13 wires of Mersilene 2-0–anchored Teflon; the anterior leaflet points were passed at the free edge of the leaflet and the ring remained.

   3. Cox/Maze III surgery for the treatment of AF — The third step comprised disconnecting and suturing the pulmonary veins; resecting and suturing the left atrial appendages, and making atrial incisions and sutures. After aortic clamp release, ventricular fibrillation reverted to sinus rhythm by way of internal defibrillation. The patient was discontinued from cardiopulmonary bypass with CI = 2.4, sinus rhythm, with 10 mcg/kg/min of dobutamine, withdrawal of cannulas, wire pacemaker in right atrium and right ventricle, and hemostasis.

   4. Restraint of the ventricles — With the aid of the pericardium flaps, adjusted snugly by the surgeon at the end diastole, the surgeon narrowed the suture from the LV apex to the atrioventricular groove, referring to hemodynamic monitoring and completing the superior longitudinal pericardium incision without atrial constriction (Figure 1C and 1D). After this maneuver, the ventricles were constrained in a position where there was no hypotension or CI decrease. A suction drain was inserted into the pericardial sac.

  During the first two years after surgery, the patient’s clinical outcome was associated with highly positive echocardiographic data that were consistently observed until the recurrence of AF. Even then, the patient’s clinical course remained well-controlled (NYHA class II). In the eighth year after surgery, however, echocardiographic evidence began to show degeneration of the mitral prosthesis. The patient’s last hospitalization resulted from severe gastrointestinal bleeding caused by the gastroduodenal artery and required blood transfusions. During hospitalization, the patient developed severe HF, and echocardiography showed marked degeneration with stenosis of the mitral prosthesis. This prosthesis was replaced by another bovine pericardial valve that was implanted via a transatrial approach, keeping the restrictive pericardium sac. The surgery and the early and four-month postoperative outcomes were uneventful. The echocardiogram timeline data is presented in Figure 2.
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  DISCUSSION

  The first part of this discussion briefly mentions the two well-known surgical approaches to treat HF that surely had capitol importance for the remarkable patient outcome: 1) The mitral prosthesis preserving the valve apparatus, and 2) The Cox/Maze III surgery to treat atrial fibrillation.

  In 1984, a group at Harvard University postulated that the correction of MVI would increase systolic volume regardless of left ventricular EF. This concept became the impetus for using MV surgery as an adjunct HF treatment. This group’s hypothesis was based on possible systolic volume increase, LV volume overload and end-diastolic pressure decrease[4]. Bolling et al.[5], from the University of Michigan, proposed a technique for mitral annulus reduction using undersized rings in the repair of MVI. Their aim was to obtain the additive effect of reshaping the LV to facilitate the return of ventricular ellipsoidal conformation. In other studies, optimal functional improvement after partial ventriculectomy (the Batista operation) has been considered when mitral regurgitation is corrected simultaneously, thereby reinforcing this concept[6,7].

  The Cox/Maze III surgical procedure remains the treatment with the highest cure rates (over 90%), but the challenging technical nature of the traditional cut-and-sew technique has limited its mainstream uptake[8].

  Because of the enduring belief in its salutary effects on HF patients, strategies for achieving surgical ventricular restoration using fewer invasive methods continue to be pursued. A number of devices designed to restore LV geometry and decrease wall stress have been tested in both ischemic and nonischemic HF patients. Of all the devices developed to date, the most tested has been the CorCap Cardiac Support Device. The CorCap device consists of a polyester mesh that is placed circumferentially around the heart, from the apex to the atrioventricular groove. It provides diastolic resistance to filling by being adjusted snugly by the surgeon at the end diastole. In addition, it provides circumferential support, decreases LV wall stress, and resists progressive chamber dilation without any systolic assistance[3]. After impressive results in sheep models of ischemic cardiomyopathy, in which CorCap reduced left ventricular end-diastolic volume (LVEDV) by 39% and increased EF by 90%, phase 2 studies confirmed its safety and feasibility in human subjects. Subsequently, results from 300 HF patients in the Acorn Pivotal Trial were published, comparing CorCap with mitral surgery versus mitral surgery alone, and CorCap plus medical therapy versus medical therapy alone. In this trial, 148 patients were treated with CorCap. However, despite needing fewer subsequent procedures, having improved NYHA class and Minnesota Living with Heart Failure (MLHF) score and favorable echocardiographic reverse remodeling, patients did not demonstrate improvement in survival at 1, 3, or 5 years[9].

  Mortality rates remain significant in patients waiting for heart transplantation, perhaps because treatment alternatives for HF are still part of an open research field[1,2]. In planning the surgery, the above discussion took into account the hypothesized benefits of using an in situ patient pericardium to constrain the LV. Although the degree to which the in situ ventricular and pericardial restraint contributed to the patient’s good outcome is unclear, since the patient had multiple corrections that could be responsible for the good result, however its presentation as a viable technique is pertinent to further investigations.
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    ABSTRACT

    OBJECTIVE: To consider modifications in an experimental model of saccular aortic aneurysm, aiming at better reproducibility, to be used in the development of vascular prostheses.

    METHODS: Experimental study in two phases, developed in the Center of Experimental Surgery and Bioterium (CCEB) of the University of Health Sciences of Alagoas (UNCISAL), with 11 hybrid swine, female, mean weight of 20 ± 5 kg, according to modifications in the Perini technique was performed. In the first phase, the aneurysm was confectioned with bovine pericardial patch. In the second phase, fifteen days later, the patency of the aneurysms was confirmed by Doppler ultrasonography. The described variables were aortic and aneurysm sac patency, incidence of rupture, morbidity and mortality. The statistical analysis program used was STATA v.8.

    RESULTS: All animals survived to the procedures. Surgical mean time was 73 minutes. Aneurysm rupture, proximal or distal aortic thrombosis, visceral or legs ischemia weren’t observed. Parietal thrombus formation was observed in all of the aneurysms, two of which (18%; IC 95% = 3.98 – 48.84) were occluded and nine (82%; IC 95% = 51.15 – 96.01) were patent.

    CONCLUSION: In this series, the modifications carried out in the technique related to the surgical approach, race, anesthesia, and imaging exams reproduced the experimental model, reducing its costs, without hindering the analysis of the variables. The satisfactory patency ratio allows the method to be used in experimental models for the development of vascular prostheses.

    Keywords: Aneurysm. Aorta, Abdominal. Models, Animal. Pericardium. Swine.

  

   

   

  INTRODUCTION

  Experimental models reproducing as much as possible the conditions found in the aorta of human beings and preserving its anatomical and physiopathological characteristics are needed for research on the development of endovascular devices[1]. Materials used in the correction of aortic endovascular aneurysms are under constant improvement in search of the ideal device for a minimally invasive treatment[2].

  Experimental models in animals have been used in vascular and endovascular surgery for decades. The literature is rich in studies proposing models of aortic aneurysms with the used of a myriad of techniques[3]. However, the fast pace of advancements in science demands frequent evaluations of established methods in search of improvements and adaptations according to the changing needs of clinical research.

  The objective of our study is to propose modifications to an experimental model of aortic aneurysm in swine with bovine pericardial patch (Perini, 2008)[4], aiming at better reproducibility, to be used in the study and development of endovascular prostheses.

   

  METHODS

  This was an experimental study conducted at the Center of Experimental Surgery and Bioterium (CCEB) of the University of Health Sciences of Alagoas (UNCISAL) in Maceió, AL, Brazil.

  The project was approved by the Research Ethics Committee of UNCISAL. The ethical principles for animal experimentation of the Brazilian College of Animal Experimentation (Colégio Brasileiro de Experimentação Animal - COBEA)[5], the principles for conducting research with animals (Geneva, 1985)[6], and the Federal Council of Veterinary Medicine Resolution 714/02[7], Decree 24.645/34[8] and Federal Law 9605/98[9] have all been observed.

  The sample consisted of 11 Landrace and Large White crossbred swine, female, supplied by the same farmer, properly vaccinated and dewormed, according to their age. The animals were kept in individual stalls with water ad libitum and fed with feed, without the addition of lipid supplements, balanced and adapted to their age.

  The experiment consisted of two phases. In the first phase, the saccular aneurysm was created using a bovine pericardial patch. In the second phase, 15 days after the first one, patency was confirmed through Doppler ultrasonography, using LOGIQe (GE®). In both phases, anesthesia was administered in compliance with the protocol for general anesthesia in swine of the CCEB/UNCISAL.

  Technical anesthesia

  The animals were placed under a 12-hour solid food fast and a 3-hour liquid fast and were weighted before pre-anesthetic induction. Anesthesia was administered according to the CCEB/ UNCISAL protocol, using subcutaneous atropine, ketamine, and intramuscular midazolam as pre-anesthetic drugs. Next, venoclysis was performed in the marginal ear vein with Jelco 20 catheter for the infusion of liquids and drugs. Fluid replacement was achieved with 0.9% saline solution at 20 ml/kg/hour. Inhalation anesthesia was maintained with halothane and oxygen using a facial mask.

  Surgical procedure

  In the first phase, the abdominal aorta was exposed using the transabdominal approach, with a median xiphopubic incision, followed by circumferential dissection of the aorta between the renal arteries and the distal branch (common iliac arteries and internal iliac artery branch).

  A 3 cm segment was chosen to make the aneurysm, the branches were repaired with 3.0 linen thread, and intravenous heparin (100UI/kg) was administered. Then, the proximal and distal aorta was clamped to the chosen segment and longitudinal arteriotomy was performed, followed by suturing of the previously made 3x3 cm bovine pericardial patch in the shape of a sac using 6.0 polypropylene continuous suture (Figures 1 and 2). Layered closure of the cavity was performed: retroperitoneum with 3.0 catgut running suture; peritoneum with 2.0 catgut running suture; aponeurosis with 0 mononylon U-suture; skin with 3.0 mononylon Donati suture.
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  In the second phase, 15 days after the first, Doppler vascular ultrasonography was performed in order to confirm patency of the aneurysms (Figure 3).
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  Data Analysis

  Descriptive data analysis was performed and it is shown as means and standard deviation and frequency distribution. A 95% confidence interval was observed. The following variables were described: patency of the aorta and aneurysm sac, rupture rate, morbidity and mortality after experimental model was performed. Data was processed using statistics package STATA v.8.

   

  RESULTS

  Eleven Large White and Landrace crossbred swine, female, average weight of 20 ± 5 kg, were operated on. Mean surgical time was 73 minutes, without any complications such as hyperthermia or arrhythmia.

  All animals survived to the procedures. No cases of aneurysm rupture, thrombosis of the proximal or distal aorta, ischemia of the paws or intra-abdominal viscera were identified. Average infrarenal aortic clamping time was 17.82 min (IC 95% = 14.96 – 20.68). In the postoperative period, animals maintained normal behavior in their stalls and gained weight until the second phase of the experiment.

  Formation of a mural thrombus was observed in all animals, with two of them (18%) showing occlusion of the aneurysm sac. Nine (82%) animals presented patent aneurysm, being eligible to be used in studies for the development of new endovascular prostheses (Table 1).

  
    

    [image: Table 1]

  

   

  DISCUSSION

  The advancement of the endovascular technique for the treatment of abdominal aortic aneurysm has brought the need for experimental models to improve related materials and techniques, being the in vivo experimentation with animals the most adequate for the execution of these studies[4].

  The models adopted should correspond as much as possible to the physiology and physiopathology of humans. Since the similarities in the anatomy and fibrinolytic and coagulation systems of humans and swine are established in the literature – which is less observed for other species such as rabbits, dogs, rats, and mice, the pig was chosen for this study[10,11].

  Among the advantages of using swine in cardiovascular research, the following can be highlighted: easy handling; characteristics of the lipid metabolism, lipoprotein profile, and platelet aggregation; formation of thrombus and deposits of fibrin after endothelial lesion; and histological similarity to human neointima. The disadvantages are the rapid weight gain, the cost of maintenance, lower tolerance to anesthesia, and the risk of medullary ischemia with paralysis of the hind paws[12].

  Several studies have described models of aortic aneurysm in experimental animals[1,13-15]. Among others, of importance are methods such as the use of anterior synthetic patches [polytetrafluoroethylene (PTFE) or Dacron], fascia, peritoneum, intestine, and internal jugular vein; adventitial resection; interposition of the patch; the use of elastase; and transluminal dilation. All of them have advantages and disadvantages, therefore, the researcher must be aware of the characteristics of each technique [3,13].

  In this study, we opted for creating an infrarenal abdominal aortic aneurysm from a bovine pericardial patch according to the model proposed by Perini[4], but with a few modifications.

  Bovine pericardium has been used in vascular surgery since 1971, when Ionesco and colleagues used a cardiac valve prosthesis made with bovine pericardium preserved in glutaraldehyde. The purpose of the glutaraldehyde solution is to reduce antigenicity and increase resistance to degradation. Aneurysmal dilation of the pericardial patch may occur, but there are no reports of rupture with other synthetic patches [16].

  In 2008, Perini[4] reported a new abdominal aortic aneurysm model in swine, with a bovine pericardium sac. To that end, 11 Large White female swine, with an average weight of 20 kg, were used. The study was divided into two phases, with a 15-day interval between the creation of the aneurysm and the analysis of its variables (thrombosis, rupture, surgical morbidity and mortality). Our study followed the same procedure, with an equal number of animals, the same gender and weight characteristics, and respecting the 15-day interval between the creation of the aneurysm and the analysis of the variables. However, a few alterations were made in order to simplify the method and further reduce its cost.

  In terms of animals, hybrid swine were used, crossbred Large White and Landrace, rather than the usual purebred Landrace or Large White. For the anesthesia, halothane was used for inhalation instead of isoflurane, which lowered the costs. Despite reports in the literature of the incidence of malignant hyperthermia with the use of halothane in Landrace and Large White swine [17], this was not observed in the hybrid animals used in this study.

  The transperitoneal approach was used to access the aorta rather than the retroperitoneal. Since the swine gain weight rapidly, making them difficult to handle when they are bigger, swine with an average weight of 20 kg were used. In these animals, dissection and exposure of the aorta through the retroperitoneal approach is more technically difficult to achieve due to the limited surgical field and small caliber of the vessels. There were no cases of evisceration nor complications related to handling intestinal loops, as described in the literature (cardiac arrhythmia, distension or difficulty to close the abdominal wall).

  Patency of the aorta and the aneurysm sac 15 days after it was created was verified with Doppler ultrasonography. This method made it possible to analyze not only the presence of flow inside the aneurysm sac, but also the hemodynamic characteristics of the flow, providing a greater amount of information. In addition, the cost is lower and there is no exposure to radiation, compared to an angiographic study.

  Experimental models of aortic aneurysm to be used in the training of endovascular techniques should have as many characteristics as possible in common with those found in humans. Among them, it is essential to have an increase in diameter of 50% compared to the diameter of a normal aorta, patency of lumbar arteries, and stability of the aneurysm allowing for surgical manipulation in a few weeks or months [13,18]. So far, no other model had associated the aforementioned characteristics with other advantages, such as the lower cost, low morbidity and mortality, and easy reproducibility.

  The saccular aneurysm model with bovine pericardium proved to be adequate to test endovascular devices, since it mimics a similar situation to that found in aneurysms observed in humans, with proper diameter, patency of the collateral and terminal branches of the lumbar plexus, and partial thrombosis of the wall. Bovine pericardium is commercially available as a patch for arterial repair, in a range of cuts and sizes and cheaper than Dacron and PTFE. The short interval between the creation and maturation of the aneurysm (15 days) allows the model to be used in larger animals without increasing maintenance costs with medication and feed. Surgical time needed to perform this technique was well tolerated by the swine, without the complications described in the literature, such as paralysis of the hind paws, death from anesthetic complications, renal failure, intestinal perforation, sepsis, early rupture, and thrombosis of the aorta or iliac arteries.

   

  CONCLUSION

  Based on this study, we have shown that the technique proposed for the confection of abdominal aortic aneurysm using bovine pericardium has good patency rates and it could be used to prepare experimental models for the development of new endovascular prostheses. The modifications made to the original technique have helped to reproduce the model at a reduced cost, without prejudice to the analysis of the proposed variables.
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  I would like to congratulate our Revista Brasileira de Cirurgia Cardiovascular (RBCCV) / Brazilian Journal of Cardiovascular Surgery (BJCVS) for its 30th anniversary, celebrated in 2016.

  Along these 30 years, the RBCCV/BJCVS has had a remarkable journey, based primarily on the quality of the cardiac surgery in Brazil as well as on the work of its editorial team. In addition, the importance of its three editors must be stressed. The journal started with Prof. Adib D. Jatene as its first editor, between 1986 and 1996; then, Prof. Fabio B. Jatene assumed the position between 1996 and 2002. Since 2002, Prof. Domingos M. Braile has been the editor of the RBCCV/BJCVS. Each with their own relevance, they have all had a significant impact in the implementation, consolidation and internationalization of the journal.

  Throughout its history, the RBCCV/BJCVS has acquired quality editorial characteristics, thereby allowing it to follow the best international publishing standards, in English, with electronic publication and access and a rigorous peer-review process for all articles submitted.

  Besides the relevance of the studies it publishes, the gradual acceptance by the international scientific community of cardiac surgery is testimony to the seriousness of the work developed by the RBCCV/BJCVS and its editorial board. A reflection of that is the fact that the journal has received articles from surgical centers worldwide and it has been indexed in several databases, such as SciELO, SCImago, LILACS, PubMed, Thomson Reuters, and, most recently, PubMed Central.

  In the past few years, the number of submissions has continued to be above 150 articles per year. Rejection rate has been 30-45%. Therefore, the work of the journal’s reviewers have allowed for a strict peer-review process, maintaining high quality standards of published articles.

  Its quality is directly reflected in the interest the journal has awakened in readers. The number of users accessing the journal’s website has been close to 1,000,000 a year. Thus, Brazilian cardiac surgery and its researchers have had increased visibility worldwide through RBCCV/BJCVS, which has served as a platform to disseminate the work of Brazilian cardiac surgeons around the world. This is consistent with the large number of contributions from Brazilian cardiac surgeons to this specialty as well as with the respect they have gained throughout the globe.

  Nevertheless, the journal’s path goes on. It is important that Brazilian cardiac surgeons (as well as foreign ones) feel increasingly motivated to describe the results of their cases, keep their data in high quality databases, collaborate with other researchers, and widen their research network so that the number and quality of scientific publications can increase, contributing with benefits to quality of service and improvements to patient care. Likewise, it is important that the RBCCV/BJCVS receive even more studies produced in our postgraduate programs.

  This is the natural trend for the RBCCV/BJCVS. The challenges continue the same, including the increase in number of publications as well as in the quality of articles published, resulting in a positive impact in objective indicators of quality, such as the advancement in the impact factor and Qualis*, in addition to subjective indicators, such as the increase in numbers of international articles submitted and the consolidation of the respect our specialty has obtained worldwide.

  For all these reasons, we can only congratulate ourselves for the professionals that have participated in and led the RBCCV/BJCVS during these 30 years to where it is today. That this journal may keep growing, in numbers and quality, along the coming years: this is what all Brazilian cardiovascular surgeons hope and wish for.

   

   

  
    Qualis is a Brazilian official system with the purpose of classifying scientific production. It is maintained by the Coordenadoria de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), a government agency linked to the Brazilian Ministry of Education.
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  Thirty years ago, a group of visionary Brazilian cardiovascular surgeons understood the concept that medical journals should be a rallying point for the local and international exchange of ideas[1].

  So, in August 1986, this insight motivated the creation of the Brazilian Journal of Cardiovascular Surgery (BJCVS) as the official publication of the Brazilian Society of Cardiovascular Surgery.

  The BJCVS has grown steadily in quality and input under the direction of the three outstanding cardiovascular surgeons who have served as editors. The first editor was Prof. Dr. Adib D. Jatene (in memoriam), whose tenure lasted 10 years (1986-1996), succeeded by Prof. Dr. Fabio B. Jatene (1996-2002). In the last 13 years, from 2002 to present, the BJCVS has been under the editorship of Prof. Dr. Domingo M. Braile.

  The success of this endeavour is owed to the devotion and commitment of these three gentlemen and their respective editorial boards and editorial offices whose efforts allowed the BJCVS to become attractive and competitive in the scientific community.

  A decisive step towards this scientific acknowledgment was the indexing of the BJCVS in major databases such as Thomson Scientific (ISI), SCImago Journal & Country Rank, PMC PubMed Central, Scopus, MEDLINE/PubMed, SCIRUSS, SciELO and LILACS[2].

  Despite of all these modernizations, the BJCVS has never lost its main focus which is to publish relevant studies related to cardiovascular surgery, including original manuscripts, brief communications, updates, continuing medical education (CME), case reports, as well as studies presented at the annual Congresses of the Brazilian Society of Cardiovascular Surgery.

  According to the Sources & Interactions Study (2013), colleagues and print journals continue to be the most important information sources to doctors, followed closely by CME; attendance at Meetings and by two new digital information sources: online patient medical records and online prescribing software[3].

  In this regard, the BJCVS is a proficuous source of robust information for surgeons, residents, allied health professionals and students searching for new insights, treatments, surgeries, devices, technology and CME.

  Since the beginning, the BJCVS has been grounded as a democratic forum for cardiovascular surgeons from different parts of Brazil and the world to communicate the best of their surgical practice and/or scientific initiatives. Among them are included colleagues from the North and Northeast Regions of Brazil who have contributed enormously for the excellence of our journal.

  Over those 30 years, the successful path of the BJCVS reflects the growth of the scientific maturity of Brazilian cardiovascular surgeons, especially those in the North and Northeast regions facing shortage of human and material resources to perform their research. However, since the publication of the first volume, our Regional Society has been represented by increasingly relevant and elegant publications. To name a few among hundreds, we highlight the contribution of Eloy et al.[4] on valve surgery in children published in 1986, in volume 1 of the BJCVS. Ten years later, Lobo Filho et al.[5] published a multicenter study on coronary artery bypass grafting surgery. Upon completion of 20 years of the BJCVS, Lima et al.[6] published a clinical trial with the preliminary results of demineralization of the aortic valve. And in 2015, near the 30th anniversary of the BJCVS, Pinto Jr et al.[7] bring an important contribution on the epidemiology of congenital heart disease in Brazil.

  Thus, it is my distinct honor and privilege to write this paper as president of the North-Northeast Society of Cardiovascular Surgery mainly to emphasize how important the BJCVS is for our Regional Society since, by the leadership of its editors, valuable scientific opportunities have been granted to our members in a different ways such as authors, reviewers and associated editors.

  It is notorious how our journal is coping well to be in perfect tune with other important journals on the field of cardiovascular surgery[8,9]. Although, there are still many challenges to overcome, we have no doubts that the Brazilian Journal of Cardiovascular Surgery will continue to be one of the most solid pillars of our specialty for another 30 years to come!
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  The Brazilian Cardiac Surgery, since its inception, used as a means of communication the Brazilian Society of Cardiology (BSC) journal. This entity housed surgeons, as a department, since 1969, and its journal served to the publications of surgical specialty topics could have space in the then young Brazilian heart surgery.

  These advances have stimulated our pioneers to structure a specialty society, which was born as BSC department in 1969 and assumed its own identity as the Brazilian Society of Cardiovascular Surgery (BSCVS) in 1984.

  The new society, then newborn included in its statutes the obligation to publish a journal with topics within the specialty, which occurred shortly thereafter, when in August 1986 the first issue was delivered to members of the BSCVS.

  The first editor, Prof. Adib D. Jatene, structured and led the editions since its inception until 1996. He was succeeded by his son Fabio B. Jatene from 1996 to 2002, who during this period worked with a lot of effort to professionalize the journal and increase the frequency of the Brazilian Journal of Cardiovascular Surgery (BJCVS). Since 2002, we have as editor our colleague Domingo M. Braile, who settled the work of editors who preceded him and initiated a new phase, with the internationalization of our journal and its inclusion in the main indexing database of the scientific community.

  From this moment, the Brazilian cardiac surgery experienced a new phase that allowed its members to publish their experiences and present their ideas to colleagues from other countries, especially from the bilingual editions.

  New horizons were opened and we were able to access online our journal, submit articles or review them directly on the journal’s website and still count on a professional team, committed and specialized to clarify and clear up doubts and difficulties.

  Our journal gained momentum, grew and assumed an impact factor never imagined even among those more optimistic. Our journal has shown pioneering spirit and leadership in Latin America and even in some European countries.

  In this adulthood that we live today, the help of some partners in the public and private areas has been fundamental, but difficulties are always hanging around, not allowing one blue skies that our Editor wants.

  At the opportunity to turn 30, we face times of uncertainty and insecurity in the specialty and in the country, which makes it more difficult to maintain the scientific level and quality of the material presented in the BJCVS.

  However, at this time our mind should turn to the words of our late Prof. Zerbini when he said: “Nothing resists to work”. And it is in this line of incessant, continuous work and most successful every day that we must keep us and always persevere.

  Congratulations Editors, Editorial Board Members and Executive Board of the BJCVS for their tenacity, selflessness and dedication in maintaining this journal that is so important as a society and especially giving us the opportunity to show the work capacity of the Brazilian heart surgery.

  The Sociedade de Cirurgia Cardiovascular do Estado de São Paulo / Sao Paulo State Society of Cardiovascular Surgery (SCICVESP), on behalf of Surgeons of São Paulo, is honored to participate in this very significant moment in the history of our BSCVS through its official voice, the BJCVS.
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  Write on the Brazilian Journal of Cardiovascular Surgery (BJCVS) on the date of celebration of its thirties, leads us to the mysteries of Greek mythology and the Atlas task. Carrying on the shoulders the grief of Herculean task, so I see the path taken by our important periodical publication, which today I pay tribute.

  The importance of the Brazilian cardiovascular surgery, now internationally recognized, is due to the many colleagues who through their virtuosity, have become international exponents, but also the conquest of the recognition of our journal, which gives opportunity us a chance to demonstrate the scientific importance of Brazilian surgeons to the world and above all allows us to occupy the forefront in developing new technologies. This continuous work and often unnoticed by many, deserves this opportunity of jubilation, being exalted and celebrated as one of the most important achievements of Brazilian Medicine, as well as the struggle for scientific development of cardiovascular surgery in Brazil.

  I congratulate on behalf of Cardiovascular Surgery of Santa Catarina, Professor Domingos M. Braile, representing everyone who has been responsible for these deserved victories, demonstrating our deep admiration and eternal respect.

  Wishing the next thirty years will be built on the same brilliance and success, we offer our full support for such mission.
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  The Brazilian Journal of Cardiovascular Surgery (BJCVS) is now the largest source of scientific publication in our area throughout Latin America, thus providing that clinical and experimental research performed in our country have greater international visibility.

  This information is relevant because it puts the Brazilian cardiovascular surgeon in direct contact with the various platforms of scientific publications [SciELO, PubMed, Thomson Reuters (ISI), SCImago, among others].

  This is reflected by the fact that in recent years the BJCVS has received articles of various research centers and hospitals with cardiovascular surgery services worldwide. In 2013 and 2014, the journal received articles from Germany, Argentina, China, Colombia, United States, Greece, Holland, Italy, Portugal, Serbia, Turkey and Venezuela.

  The BJCVS consists of its very active and committed reviewers, who have played an important role in evaluating the articles submitted for publication, raising directly the level of published articles. Data published on the Editorial of the volume 30.4 show that in 2013, of 186 studies received, 61 were rejected (32.79%). In 2014, 162 manuscripts were submitted and 70 (43.21%) rejected. The average time between the submission of a study and approval or rejection fell from 147 days in 2013 to 86 days in the last year[1].

  The growing number of online access of BJCVS also represents the importance of the impact of the articles published in the journal. In 2014, the site had more than 984,000 hits. In 2015. the journal’s website has been visited more than one million times. These data confirm the importance that the BJCVS has had on the international scientific scene and enables the Brazilian cardiovascular surgeons the opportunity to disseminate their studies in this world increasingly globalized.

  All this current scenario is the result of hard work, since in these thirty years of the BJCVS we had three editors of great representation not only in our society but also internationally, they were: Prof. Adib D. Jatene (in memoriam) from 1986 to 1996, followed by his son Prof. Fabio B. Jatene, from 1996 to 2002, and currently Prof. Domingo M. Braile. Each editor played a key role in implementing the journal, by establishing its frequency of issues and fundamentally internationalizing its access. Among other things, Prof. Adib had the merit of creating a Brazilian journal of cardiovascular surgery in the mold of the best international journals in the field at that time, in addition to reach indexation in LILACS. Prof. Fabio implemented the electronic version, by means of indexing in SciELO and instituted a peer review. And finally, Prof. Braile obtained the indexing in PubMed and Thomson Reuters, implemented the electronic submission system and the journal’s own website, in addition to make available the English version.

  Finally, we would like to congratulate everyone involved in this process over these thirty years: the reviewers, editors and executive board for bright, efficient, secure and prosperous work to maintain our journal at high international level.

  New challenges arise, like returning to raise the impact factor and therefore the Qualis*, attracting more authors; further enhance of the journal’s internationalization and make the BJCVS available in more scientific databases. It is what we want and we hope to achieve that with the help of the whole community of Brazilian cardiovascular surgeons.

  I thank BJCVS for the invitation to participate in this issue, because as President of the Cardiovascular Surgery Society of Paraná, biennium 2014-2015, I feel honored and privileged for this opportunity and to be part of this celebration.
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    *Qualis is a Brazilian official system with the purpose of classifying scientific production. It is maintained by the Coordenadoria de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), a government agency linked to the Brazilian Ministry of Education.
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  PERSONAL REFLECTION

  We have so much to learn. The world is as mysterious as challenging and therein lays the beauty and soul of curious researcher.

  Leonardo Da Vinci affirmed that knowledge makes the soul younger and reduces the bitterness of elderly age. So when we awake, despite all the problems of modern society, we must reap wisdom and store softness for tomorrow.

  The quest for knowledge is a source of joy it is the root of the findings and inexhaustible source of progress.

  Examples of exciting love of knowledge changed the history of humanity. Leonardo Da Vinci was a proof of brain power for life. In addition to the master painter, he was an architect, mechanic, engineer, chemist, botanist, geologist and also developed several other activities. Maybe he was the first to study the human body dissecting corpses, prohibited action at that time and now so important to the learning of everybody of health area.

  Surely science and technology have done wonders in many fields, but I agree that they did not stimulate goodness. When we remember figures such as Da Vinci and the Dalai Lama, we should take them as examples of great men who changed the world, because they were great observers, its own characteristic of great scientists.

  What we want represents what is best into universities, it is a time of great curiosities, many questions, intense studies, inquiries and research and we can immortalize youth through knowledge and make smooth each new day (our and everybody’s) to share the blessings of wisdom.

  The great and immortal Pasteur has already stated: “Science and peace will triumph over ignorance and war. People will understand themselves not to destroy but to build.” In ancient times it reflected a desire which still remains.

  What is happening on the national scene is the existence of a defective medical education with needy universities, creating new schools, when in fact, we should think about removing some, because we cannot give them the least consistent conditions with its superior design. The demerit is not private medicine, because we still have illiteracy in Basic, Secondary and also in Degree education, intercommunicating in his weakness because its lack of a solid foundation.

  It is very serious that students traverse of faltering way these various stages and come to the university, it should accept the brain of the nation. Must have a demanding and selective teaching, no prejudice on creed, color, sex or nationality.

  Participating in enlightened meetings (politicians and others) that we hear proposals that every student that conclude the high school could raise degree education without entrance exam or defending the free profession without diplomas, another barbarity that only weakens universities looking leveling down.

  University teachings in health in Brazil were initiated by the French school, which favored the patient as a whole. Today we see with rare exceptions it is a mercantilist teaching, demagogic and electioneering often sponsored by the agencies that should regulate medical practice.

  For sure, what we all want, with USH (Unified Health System) or without USH, is a social medicine of great magnitude, covering the entire Brazilian population, preventive and curative medicine and that universities and university hospitals are the source of knowledge based on education , research and extension focused on the human individual.

  “Where are the true sources of human dignity, freedom and democracy, but in the infinite sense before which everybody are equal?” Questioned by Pasteur in his prayer of thanks to Renan, who greeted him to join the French Academy. And the same Renan said: “Life is a moment between two eternities, the one that precedes the birth and that succeeds death”.

  Medicine and health are human activities toward humans. The clinical encounter is their central point in the diagnosis, the rest is addition, nothing more than people working tools taking care of people.

  The increasing use of technology is welcome and signifies progress, but its use must be done judiciously, targeting benefits without risk to patients and effectively viable costs.

  It discusses what should be modified or implemented first, finance, management, human resources or health care model.

   I see no possibility of separating these sectors: if there is no funding, no models will implement, not improve efficiency and no human resources in quantity and quality needed.

  The model approach to ensure health should be reviewed. The induction ducts order tests led people to demand the right such practices costly tests made by experts.

  On the other hand promoting and preventive practices in relation to disorders health and sanitation policies should be prestigious, incorporate health professionals and integrated with each other.

  There is no possible to treat strokes (human suffering and higher expenses) when not dedicate time and resources to the effective control of blood pressure. The same should be in relation to vector-borne diseases caused by lack of sanitation.

  Do not discuss a poor medicine, but a rationalization of the global focus on the health of human, with simple steps that will have better and long-term effects on citizens, society and the quality of life for all[1-4].

  Some Facts to Ponder:

  Federal Constitution - “Health is a right of everyone and a duty of the state” - Brilliant!

  How to make? Who pays?

  The reality is that over 50% of people who go to consultation are not carrying any organic disease; 50% of diseased, about half is sick because poor habits. In 90% of cases, the conversation between doctors and the patient is able to establish a diagnosis. Has anyone paid attention to the ad agencies that say “Health” and offering most modern ambulances, helicopters, next-generation devices and stay in ICU (Intensive Care Unit) for 365 days?

  In public hospitals, large numbers of dependent patients of surgery to treat stomach cancer and cholecystitis are operated only at an advanced stage of their disease with obvious impacts on morbidity/mortality.

  They found that the number of pharmacies in our neighborhood exceeds the real needs?

  So how about to face this health frenzy in the private field with the health neglect in the public service?

  “The state seriously injured and, stills, the Federal Constitution with impunity” (Luiz Roberto Londres)

  We are producing first world advertising and pushing the poor to a sanitary underworld with consequent regression of health.

  “The Education of a nation, according to what history teaches us, is one of the greatest weapons for health. How much more health, culture and wisdom have a nation, much more it will be happy” (Professor Mario Rigatto)
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            Site: http://2016.en.israelheart.com/
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            New York, United States

            Informations: AATS Meetings Department

            Phone: 978-927-8330

            E-mail: meetings@aats.org

            Site: www.aats.org/aortic

          

            14 to 18 - AATS 96th Annual Meeting

            Baltimore, United States

            Informations: AATS Meetings Department

            Phone: 978-927-8330

            E-mail: meetings@aats.org

            Site: www.aats.org/annualmeeting

          20 to 22 - 22nd Annual Conference of the Egyptian Society of Cardiothoracic Surgery

            Cairo, Egypt

            Informations: Mohammed Sanad, MD

            Phone: 00201116555777

            Fax: 0020402245991

            Site: http://www.escts2016.com

          

            29 - Essential Surgical Skills for Cardiologists

            Londo, United Kingdom

            Informations: Essential Surgical Skills for Cardiologists

            Phone: 020 7869 6300

            E-mail: education@rcseng.ac.uk
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            New York, United States
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            Orlando, United States
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            E-mail: LNovoryta@achlcme.org

            Site: www.C3conference.net
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Fig. 1 - Short Form (36) Health Survey (SF-36) Test values in patients with aortic valve replacement (AVR) and TAVI (transcatheter aortic
valve implantation): blue column represents AVR, red column represents TAVI.
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Table 2. Evaluation of the 5F-36 scores according to groups.

AR TAVI P
Mean=SD (Mediar) | Mean=SD (Median)
Preop 2829+5.77 (27.8) 2653+587 (25.7) 0126
Postop. 4234707 (383) 403+1134 (425) 0783
Physical Function
Dif 13.55+7.74 (126) 136441091 (14.7) 0933
P 0.001* 0.001**
Preop 353146.14 35) 30.75+3.48 (28) 0.001*
Poste 40.59+5.91 (42,1 44.16+9.18 (42,1 0.060
Role Disabilities (Physical) P 20 20
Dif 51734 (7) 13241982 (14.1) 0.001*
P 0001* 0.001**
Preop 44.11+5.59 (46.5) 42.12+4.96 (422) 0.156
P Postop. 44.27+9.54 (46.5) 45.28+8.87 (46,05) 0728
in
Dif 028+1094(0) 28241087 (43) 0312
P 0957 0213
Preop 29.59+2.07 (31.2) 29.74+3.09 (289) 0852
Postop 4527+6.83 (43.9) 4862+138 (4855) 0217
General Health
Dif 15614721 (15) 19.17+14.16 (18.05) 0176
P 0001* 0.001**
Preop 42044338 (44.3) 4329+338 (443) 0134
sl Postop 4835+5.28 (49.1) 4927+7.19 (49.1) 0450
g
= i 645561 (7.1) 565:74248) 0562
P 0001* 0.002**
Preop 27.78+268 (30) 29.04+4.17 (30) 0234
Postop 37514585 (354) 38.14+12.07 (354) 0955
Social Function
Dif 9.58+663 (10.8) 9.26+12.12 (54) 0578
P 0001* 0.002**
Preop 3201444 (343) 30.14+5.27 (343) 0095
Postop 4033+5.25 (44.8) 44.79+10.29 (44.8) 0019*
Role Difficultes (Emotional)
Dif 8514646 (10.5) 144741196 (158) 0035*
P 0001% 0.001**
Preop 38274585 (39.1) 3477+4.03 (368) 0.001%
Pos 37.7849.15 (34.5) 44.96+14.77 (48.15) 0.005%
Mental Health S0P (545) (4615
Dif 042+1041 (23) 968+15.1(102) 0.001*
P 0983 0.008**

“AVR=aortic valve replacement; TAVI=transcatheter aortc valve implantation; Dif~difference; Preop—preoperative;

Postop=postoperative; SD=standard deviation

*Pe0.05 **P<00]





OPS/images/a04img06.png





OPS/images/a07img01.png
Table 1. Patients demographic and clinical data according to groups.

AVR TAVI P
. 71434125 (71) 7964572 (81) 0001%
[ 46764488 (45) 4696497 (45) 0880
EuroSCORE iy 5654082 (5) 975+1.27 (9) 0001*
Male n=27 (52.9%) n=11(393%)
Gender, .. 0354
o Female n=24 (47.1%) n=17 (60.7%)
=36 (70.6%) =21 (75%)
oM. 5] n=36 706%) n=21 (75%) o076
i 6] n=15 (204%) n=7 (25%)
%) =45 (88.2%) n=25 (89.3%)
L L— 1,000
© n=6 (11.8%) n=3 (10.7%)
=30 (58.8%) =14 (50%)
Smoking e il 1068 ) 0604
3] n=21 (41.2%) 4 (50%)
[ =7 (137%) n=5 (17.9%)
NYHA e ] n=39 (76.5%) n=19 (67.9%) 0703
L n=5 (9.8%) n=4 (14.3%)

AVR=aortic valve replacement; TAVI=transcatheter aortic valve implantation; EF—ejection fraction; HT=hypertension; DM=Diabetes

Mellitus: NYH/

lew York Heart Association: SD=standard deviation **P<0.01
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Table 1. Descriptive values [average + standard deviation or n (%)] of preoperative variables according to the study group.

Original Cohort (n=2,688)
Diabetes
Palue
Variables No (n=1698) Yes (n=090)

Age 61£10 6319 <0001

Male sex 1,245 (733) 639 (646) <0001

Body mass index (kg/m?)
<25 584 (35.5) 283 (293) <0001%
2530 774(47.) 427 (443)
>30 285(174) 255 (264)

Smoking history:
Smokers 318(187) 104 (105) <0001%
Former smokers 652 (384) 416 (42.0) <0001%
Never smoked 728(429) 470(475) <0001
Dyslipidemia 607 (41.1) 499 (504) <0001
Chronic kidney disease 64(38) 82(83) <0001%
In dialysis (n=146) 9(141) 23(281) 00432
Hypertension 1336 (787) 883 (89.2) <00017
Previous cerebrovascular accident 6740) 7304 00017
Chronic obstructive pulmonary disease 128(7.5) 56(5.7) 00622
Peripheral arterial disease 67 (40) 59(60) 00177
Cerebrovascular disease 27(16) 2101 03167
Serum creatinine 1306 14109 <0.001™
Prior CABG 20(1.2) 18(1.8) 01757
Prior acute myocardial infarction 801(47.2) 442 (447) 02057
Congestive heart falure 2112 363 <0001
Arrhythmia 81(48) 54(55) 04337
Ejection fraction 656+11.9 6354124 0005
EuroSCORE logistics 22420 26424 <0001%

"Descriptive level of probabilty determined by the Student’s t-test
“Descriptive level of probability determined by the chi-square test.
“IDescriptive level of probability determined by the nonparametric Mann-Whitney U test.
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Table 4. Descriptive values [average + standard deviation or n (%)] of postoperative variables according to the study group.

Original Cohort (n

Variables Diabetes e
No (n=1,698) Yes (n=990)

Transfusion 1,025 (604) 659 (666) 0001%
Orotracheal reintubation during hospitalization 58(34) 64(65) <0001
Average blood glucose (24 hours) 1669261 19722366 <0001%
Higher value of blood glucose (24 hours) 2161461 27423606 <0001
Lower value of blood glucose (24 hours) 1265:262 13154377 <0001%
Use of intravenous insulin (24 hours) 272(160) 303306) <0001
Readmission to the intensive care unit 117(69) 70(7.1) 08567
Time spent in intensive care unit 21535 23x44 0285¢

110117 129+183 0331

Time of hospitalization

"Descriptive level of probabilty of Student’ ttest
“Descriptive level of probabilty of chi-square test.
“Descriptive level of probability of Mann-Whitney U-test.





OPS/images/a08img05.png
Table 5. Absolute and relative frequencies of complications according to the study group.

Original cohort (1=2688)
Complications Diabetes e
No (n=1698) Yes (n=090)

Operative 60(35) 3535 0998

Perioperative acute myocardial infarction 23014 9(09) 0304"

Cerebrovascular accident 212 2100 00757

Acute renal failure 4607) 55(56) <0001
Dialysis 1107 202 <0001
Infections 12302 13114 <0001
Mediastinis 2%(15) 2707 0031

Urinary tract infection 20(12) 3232 <0001
Prolonged mechanical ventilation 32019 20(20) 0.806"

Pneumonia 6740, 760.7) <0001
Arrhythmia 292(172) 171(173) 0960

Death within 30 days 4929) 40 (4.1) 0.105"

Death within 1 year 95 (56) 90(9.1) <0001™

TiDescriptive level of probability by the

-square test.
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Table 2. Absolute and relative irequencies of the use of medications in the preoperative period according to the study group.

Original Cohort (1=2688)

Variables Diabetes e
No (n=1,698) Yes (n=090)
‘Anticoagulant 8(05) 6(06) 06397
Acetylsalicylic acid 1,158 (682) 7100712) 0056
Beta blocker 1,107 (652) 611617 00707
Oral nitrates 1,106 (65.1) 577 (583) <000"
Calcium-channel blocker 308 (181) 226 228) 00037
Diuretics 431 254) 282 285) 0079
Angiotensin-converting enzyme inhibitors 790 (46.5) 500 (505) 00467
Angiotensin Il receptor blockers 271 (160) 200 202) 00057
Inotropic agents 302 202 10007
Statins 1,164 686) 646 (653) 0079

Descriptive level of probabilty determined by the chi-square fest
Descriptive level of probability determined by the Fisher's exact test.
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Table 3. Descriptive values [average + standard deviation or n (%)] of surgical variables according to the study group.

Original Cohort (n=2688)

Variables Diabetes i
No (n=1,698) Yes (n=090)

Emergency surgery/emergency 16(09) 10(10) 0862

Extracorporeal circulation 1454 (856) 880 (889) 00167

Clamping time 4354191 4434198 03327

Intraoperative death — 505) 00077

"Descriptive level of probabilty by the Student’s ttest.
“Descriptive level of probabilty by the chi-square test.
"IDescriptive level of probability by the Fisher's exact test.
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Table 1. Details of the patients who underwent arterial switch

operations.

Total: 450 patients

Diagnosis Number of
o Patients (%)
Transposition of the Great Arteries with 276 6133%

Intact Ventricular Septum

Transposition of the Great Arteries with
Ventricular Septal Defect

141 3133%)

Taussig-Bing anomaly

33073%)

Total: 18 (4% Patients with Intramural Coronary Artery

Transposition of the Great Arteries with
Ventricular Septal Defect

11(61.11%)

Transposition of the Great Arteries with
Intact Ventricular Septum

7(38.88%)
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Table 6. Descriptive values [mean + standard deviation or n (%)] of the variables after pairing according to the study group.

Paired Cohort (n=430)

Diabetes
Variables No(n=215) Yes (1=215) Palue
Age 61210 62:0 07007
Male sex 169 (786) 170(79.1) 09067
Body mass index (kg/m?)
<25 6962.1) 69321 09507
2530 117 (544) 115(635)
>30 29035 31044
Dyslipidemia 94437) 115(635) 00437
Chronic kidney disease 105) 209 1.000°"
Hypertension 207(%3) 207 (963) 1.000°"
Previous stioke 409 209 06857
Peripheral arterial disease 763) 16074 00547
Cerebrovascular disease 409 409 1.000°"
Prior coronary artery bypass surgery 209 105) 1.000°"
Previous acute myocardial infarction 94(437) 104 (484) 03337
Arthythmia =0 763) 03367
Ejection fraction 672:07 6512125 02300
EuroSCORE 21217 Tox14 0811
‘Average blood glucose (24 hours) 17072272 1920321 <0001
Higher value of blood glucose 2195494 2631:528 <0001
Use of intravenous insulin (24 hours) 30081 630293 00077
Time spent in the intensive care unit 21344 1609 02077
Time of hospitalization 116+197 98106 00887
Surgeries 503) 209 04497
Perioperative acute myocardial infarction 304 — 02487
Cerebrovascular accident 105 304 06237
‘Acute renal failure 209 304 1.000°"
Dialysis 105) _ 7.000°7
Infections 1465 1674 07057
Mediastinitis 409 304 1.000°"
Urinary tract infection 304 608 05037
Prolonged mechanical ventiation 209 — 04997
Pneumonia 608 608 1.000°"
Arthythrmia 320149) 310144) 08927
Death within 30 days 503) 304 07247
Death within 1 year 12(56) 763) 02457

TDescriptive level of probabilty by the Student’s ttest
“Descriptive level of probabilty by the chi-square test
Descriptive level of probabilty by the Fisher's exact test.

“Descriptive level of probability by the nonparametric Mann-Whitney U-test.
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Abbreviations, acronyms & symbols

AMI = Acute myocardialinfarction
BMI  =Body massindex

CABG = Coronary artery bypass grafting
CHF = Congestive heart failure

KD =Chronickidney disease
D =Cardiovascular disease
DM =Diabetesmellitus

HTN  =Hypertension

IOT-Re  =Reintubation rates
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Fig. 1 - Intramural coronary artery pattern observed in eighteen patients.
A-Intramural left coronary artery with normal origin of right coronary artery (9 patients).
8- Intramural left and right coronary artery with separate openings (1 patient)

C- Intramural left and right coronary arteries with single ostia (7 patients).

D- Intramural left and right coronary artery with kissing ostial openings (1 patient).
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Table 2. Demographic details of patients with intramural coronary artery.

Coronary | Great Artery
No |Age@ays| Sex | Weight | Disgoss | Cremey | ey Outcome
1 45 M 31 DTGAVSD | 2LRCX A°":‘;f”°' Doing well on regular follow-up
B - M o o1oANs | 2iRcx | Aorta Anterior | Died due to accidental njury toleft
0PA intramural coronary artery
3 2 F 30 DTGAVSD | 21RCX A°":‘;f”°' Doing well on regular follow-up
4 62 M 34 DTGAVSD | 21RcX A°":‘;‘f”°’ Doing well on regular follow-up
rorta Antaror | Died from intractable venticular
5 25 F 31 DIGANS | 2LRCX ., arthythrmias fifteen hours after
surgery
6 36 F 26 DTGAVSD | 21RcX A°":‘;‘f”°’ Doing well on regular follow-up
DCA,
Muliple VSD Aorta Anterior | Died secondary to sepsis and
’ “ " 32| aypeBarch | 2K toPA residual VSD
interuption
8 %0 F 39 DIGAVSD | 2tRex | AOM2ANEO | poing well on egular follow-up
9 55 M 30 DTGAVSD | 2LRCX A°":‘;‘f”°’ Doing well on regular follow-up
Aorta Fight &
10 8 F 29 | preavsD | 2wex | ASRRSNE | poing wellon reguiarfllow-up
n P F 32 DTGAVSD | 2LRCX A°"L";‘:"°’ Doing well on regular follow-up
2 38 M 32 DTGAVSD | 2LRCX A°"L";‘:"°’ Doing well on regular follow-up.
13 27 M 31 DTGANs | 2Rex | ACTANETN | poing wellon regularfollow-up
14 19 F 27 DTGANS 21RCX "“"LA;‘:""' Doing well on regular follow-up
15 33 F 24 DTGANS 21RCX "“"L";‘:""’ Doing well on regular follow-up.
16 7 F 22 B 1 Rl T PP ST
17 18 M 24 DIGANS 21RCX "“":0";‘:""' Doing well on regular follow-up
Aorta Right &
18 " F 3 DIGAVSD | 2tRex | AR poing wellon egular ollow-up

DTGA=dextro transposition of the great arteries; Vs=intact ventricular septum; VSD=ventricular septum defect; LRCX=left-right

circumflex
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FCGBS Manuscript writing and crtical review of its content, final
approval of the manuscript

UAC  performed operations andior experiments; manuscript
writing or crticalreview of s content; final approval of the
manuscript

CHM  Final approval of the manuscript
SHS  Final approval of the manuscript
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Fig. 1 - Surgical technique schematic presentation. A and B
Projection of the pericardial incisions; C ~ Pericardiotomy; D
Pericardium rectraint suture.
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ig. 2 — (A) Initial aspect of pulmonary atresia with ventricular
septal defect and double zortic arch. The left aortic arch is
incomplete and continues as patent ductus arteriosus that
inigates both pulmonary branches. The right aortic arch remains
as descending aorta. (B) Modified Blalock Taussig connecting
the right aortic arch to the right pulmonary artery with 35
mm polytetrafluoroethylene (FTFE) tube. () Left aortic arch
and ductus arteriosus sectioned and dried to remove extrinsic
compression presumed after surgical evaluation.

AO=30rta; BV=brachiocephalic vein; PDA=patent ductus arteriosus;
RA=right arch; RPA=right pulmonary artery
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Abbreviations, acronyms & symbols

icu intensive care unit
PTFE Polytetrafiuoroethylene
TGA  =Transposition of the great arteries

vsD Ventricular septal defect
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Fig. 2 - A~ Twelve-years postoperative apical echocardiographic view showing a slightly decreased left ventricle volume (LV) while there i
atrium and right ventricle (RY) dilation; B - Apical echocardiographic view of postoperative shows dilation of the right and left chambers; C
- LA diameter timeline evolution; D - LVDD=left ventricle diastolic diameter timeline evolution; E - LVMi=left ventricular mass index timeline

evolution, and: F — Ef

Sjection fraction timeline evolution
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LVEDV = Left ventricular end-diastolic volume
MLHF = Minnesota Living with Heart Failure
MV =Mitral valve

iew York Heart Association

MVI = Mitral valve insufficiency
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Table 1. Analysis of aneurysm patency.

Aneurysm N %) 1C95%
Occluded 2 1818 398-4884
Patent 9 8182 51.15-9601
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Cardiovascular Risk Factors in Study Group

Cardiovascular Risk Factors Number of Patients | _Percentage of
Hypertension (>140 mm Hg systolic and >90 mm Hg diastolic) 11 55
Insulin-dependent diabetes mellitus [3 30
Hypercholesterolemy ( 240 mg/dL) 12 60
Hypertriglyceridemy ( 250 mg/dL) [3 30
Cigarette smoking ( 10 cigarettes/d) 12 60
Previous contraceptive therapy 2 10
Previous myocardial infarction 11 55
Eamily history of cardiovascular disease 12 0
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2o
Histogram showing effects of transdermal 17B-estradiol on left
internal mammary artery (UMA) graft cross-sectional area. It
increased by 30% (3.45 + 1. 2 mm2 versus 4.24 % 1 mm2; p
0.039).
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Abbreviations, acronyms & symbols

CCEB = Center of Experimental Surgery and Bioterium
COBEA = Colégio Brasileiro de Experimentagao Animal
PTFE  =Polytetrafiuoroethylene

UNCISAL = University of Health Sciences of Alagoas
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Table 3. Relation between income per capita and income for the Denver Il * (n = 111).

Normal Suspect ‘Abrormal

Median RS 28771 RS 21666 RS 18150
Percentiles RS$17130/R$ 43486 RS 100.00/RS 28637 RS 133.92/RS 242.00

RS 000 RS 2240 RS 3600

RS 100000 RS 907.00 RS 50000
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Abbreviations, acronyms & symbols

CHD  =Congenital heart disease
DDST = Denver Developmental Screening Test
G =Group1
&2 roup 2
G =Group3

SUS  =Brazilian National Health Care System
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Table 4. Gender and age related to Denver Il (n

Normal Suspect ‘Abnormal B
n %) n@%) ne)
Gender
Female 30(526) 14(246) 13(228) 0042
Men 16(296) 2107 16(206)
Age
Tto 11 months 10612 805 14(438)
12t0 23 months 966 €04 1040) 0001
24t047 months 131464 10057 5079)
480 72 months 14(538) 12(462)
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Table 2. Comparison of maximal respiratory pressures, heart
fate and R-R intervals values under pre effortrest conditions and
during maximal inspiratory and expiratory pressures maneuvers

voreties o iy
MRP obtained (cmH,0) 68215 78:20
MRP predicted (cmH,0) 78+10% 75+12%
HR rest (bpm) 65410 669
HR peak (bpm) 98412 102410
R-Ri rest (ms) 10124220 11124176
R-Ri peak (ms) 613+101° 615+180"

Data expressed in mean and standard deviation
MIP=maximal inspiratory pressure; MEP=maximal expiratory
pressure; MRP=maximal respiratory pressure; HR=heart rate;
RRI=RR intervals

“P<0.05 between obtained and predicted values; 'P<0.05
between rest and peak conditions.
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1 - Comparison of heart rate variabilit index at rest, 30%, 60% and 80% of maximal inspiratory pressure during endurance
protocol. Data expressed in mean and standard deviation. MIP=maximal inspiratory pressure; LFnu=low frequency in normalized units;
HFun=high frequency in normalized units.

*P<0.05 in relation to rest condition: $P<0.05 in relation to 30% of MIP.
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Table 1. Age, anthropometric characteristics, risk factors and
numberand type of grafts used in coronary artery bypass surgen

‘Age and Anthropometric o
Characteristics
Age (years) 6815
Weight (kg) 78:25
Height (m) 169:008
BMI (kg/m?) 27242
Risk Factors n
Hypertension 12
History of CAD 16
Dyslipidemia "
Ex-smoker 13
Grafts n (quantity and type)
4grafts 4(@vand 1a)
3 grafts 8Qvand 1a)
2guafts 5(vand 1)
1 gaft 26)

Data expressed in mean and standard deviation.
BMi=body mass index; n=number of patients; CAI
arterial disease: v=venous graft: a=arterial graft.
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Abbreviations, acronyms & symbols

ANOVA
BMI

cABG

cAD

COPD = Chronic obstructive pulmonary disease
ECG  =Electrocardiogram

HFun gh frequency in normalized units
HR Heartrate

HRYV jeart rate variability

LFnu Low frequency in normalized units
MEP = Maximal expiratory pressure

MP = Maximal inspiratory pressure

MRP = Maximal respiratory pressure

RMS = Respiratory muscle strength

RMSM = Root-mean square differences of successive R-R intervals
RMSSD = Mean of the standard deviations for all R-R intervals
RMT = Respiratory muscle training

RSA  =Respiratory sinus ahythmia

RV Residual volume

TPC__ =Total pulmonary capacity
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Table 3. Single abnormal origin of vertebral arteries in 1231 cases.

‘Abnormal origin n(%)
Leftva 980 (847)
Arch 955 (97.4)
Between [C&LS 782 (819)
Between RC + [C&1S 7104
Between RS &RC +C. 101)
Behind LC 2(02)
Distaltols 3709
Posterior to the origin of LS 101)
1S root 46 (48)
VA +15 (1 behind LC) 15(16)
Extra-arch 505)
Left extemal carotid artery 2(0)
Thyrocervical trunk 100
Carotid bulb 100
ic 100)
Exotic position in LS 4
From the base of LS in the superior mediastinum | 1(25)
Common trunk of leftVA & eft nferiorthyroid artery | 1(25)
Distal to thyrocervical trunk 105)
HighatLs 105)
Unknown 16(16)
Right VA 145(125)
Arch 94(648)
RS oot 72(766)
Distal toLS 19.202)
Between RC & RS (right sortic arch) 1)
Proximal to LS 100)
Proximal to LS (right aoric arch) 1(01)
Extra-arch 47(324)
RC 40(851)
Brachiocephalic trunk 3(64)
Descending zorta (distal to the aberrant RS) 121)
Ascending zorta 101)
Right external carotid arten 121)
Thyrocervical trunk 121)
Exotic position in RS 301)
RS (distal to the right thyrocervical trunk) 2(667)
Common trunk of right VA & rightinferior thyroid artery| 1 (333)
Unknown 107)
Bilateral (eft VAVright VA) 3208)
Arch (between LC & L5)/RC 15 (469)
Arch (between LC & S)/arch (distal o L5) 7019)
Arch (between LC & LS)/brachiocephalic trunk 263)
Arch (between LC & LS)/arch (between LC &LS) 1631)
Arch (between LC & LS)/descending zorta 1631)
Arch @/arch (@) 161)
Arch (between LC & L5)/junction of RB & RS 161)
Avch (LS root)/brachiocephalic trunk 161)
LeftVA + LS/RC 2(63)
Left internal carotid artery/right internal carotidartery | 1 3.1)

TC=left common carotd artery, LS=left subcavian artery; RC=nght
common carotid artery: RS=right subclavian artery: VA=vertebral artery
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Table 4. Location of dual origins of vertebral artery.

Location of dual origins ne

LeftvA 30(566)
Arch (between LC&LS) +1S 25833)
15415 267)
Arch + arch (both between LC & LS) 163)
1C + LS (aberrant) 163
Unknown 163)

Right VA 15083)
RS +RS 15(100)

Dual aberrant origins of right VA + single aberrant | 3 (5.7)
origin of left VA

Arch (between LC & L5): RS + RS 2(667)
Unknown 1633
Bilateral dual origins 504
RS+ RSarch +15 2¢40)
Arch (between LC &LS)RS + brachiocephlic trunk | 1(20)
RS+RSLS+15 100
RS + RS;arch + arch 100

LC=left common carotid artery; LS=left subclavian artery;
ight subclavian artery: VA=vertebral artery
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Jable 1. Symptoms related to aberrant vertebral artery disorder in 9 patients.

Symptom Disorder of aberrant VA Site of aberrant VA
Headache Aneurysm LeftVA

Vertigo, weakness light-headedness Crical stenosis Left VA origin

Vertigo, cevicalgia Dissection Right VA (duplicated)
Occipitalgia Dissection LeftvA

Neck pain, vertigo, vomiting, left facial droop and unsteady gait ___| Dissection LeftvA

Dizziness Fenestration LeftvA

Headache Hypoplasia Right VA

Dizziness, headache Kink Right VA (dual origins)
Vertigo, weakness, nausea Thiombus Left VA origin

v

rtebral artery
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Jable 2 The aberrant vertebral artery in 1286 cases.

AberrantVA ne)
Single aberrant origin 1233 959)
LeftvA 1056 856)
Right VA 144(11.7)
Bilateral VA BE)
Dual aberrant origin 5341)
LeftvA 30(566)
Right VA 16302)
Dual aberrant right VA + single aberrant leftVA | 3(57)
Bilateral dual origins 405

VA=vertebral artery





OPS/images/a03img01.png
BRAZILIAN SOCIETY OF
CARDIOVASCULAR SURGERY

DEPARTMENT OF SURGERY OF THE BRAZILIAN
SOCIETY OF CARDIOLOGY

“Enhancing the professional on behalf of the patient”





OPS/images/a14img07.png
Table 6. Aortic arch branch measurements™

Vessel Diameter, mean | Distance from mid-vertebrae
(ange) (mm)_| _line, mean (range) (mm)

BT 18239 93+47(020)

IC 98+19(615) 99+53(120)

LeftvA 55(56) 265 (22:31)

BT=brachiocephalic tunk; LC=eft common carotid artery, VA=vertebral

artery.
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Table 5. Clinical outcomes of cardiovascular and cerebrovascular complications subjected to various management strategies, n (%).

Cardiovascular

Cerebrovascular

Management
Cured | Improved | Nochange | Died | NG | Cured | improved | Nochange | Died | NG

Surgical 12014 108 108 (108 [41032[1633)| 1633 1333
Conservative | 4(286) 100 9643 |2633)| 2333 | 1067 1067)
Interventional _| 5 (833) 1067) | 2(667) 1633
Hybrid 10100)

yknife 1000

Exercise program 1000

Follow-up 1000
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Table 3. Demographic details and surgical outcomes of
patients with intramural coronary artery.

Variables

MeansSD
Age (doys) 406151694
Weight (kg) 2961040
Height (cm) 49665308
= =1
Mortalty

301666%)

Survival duration (days)

Mean: 12459418367
Median: 17885 (369 - 2920)
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Abbreviations, acronyms & symbols

ASO = Arterial switch operation
CHDs = Congenital heart defects

ECG = Electrocardiogram

VS = Intact ventricular septum

TGA  =Transposition of the great arteries
VSD  =Ventricular septal defect
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Fig. 2 - Anatomical patterns of the coronary arteries.

A-External appearance of the intramural coronary artery.

- Single ostial opening in sinus 2.

C- Coronary shunt showing the direction of the leftintramural coronary artery with a stay sitch on ostial opening.
D- Unroofing o the intramural left coronary artery.

£- Unroofing of the intramural right coronary artery.

F- Unroofed left and ight coronary arteries with their ostia in their respective sinuses.

G- Excision of coronary buttons.

H- Neo pulmonary reconstruction using pericardial patch.

I- Coronary relocation to neo aorta.
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Fig. 3 - Survival analysis presented in Kaplan-Meier analysis.
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Table 2. Surgical result of OR and EVAR.

Variable Open Repair Endovascular Repair Palue
Bleeding 141748118042 | ml(meantsd) | 50780448881 mL (meansd) <00002
Operative Length 440+108 hours (mean<sd) 3584126 hours (mean<sd) <00003
PRS 054+021 069+025 (meanzsd) <00004
Hospital Stay 86841056 days (meansd) 93741065 days (meanzsd) 00244
Mortality 1189 % 769 % 0263
Major Complications 2483 % 2527 % 035
Mechanical Support 42 % 0 Not calculated

PRS=physiologic component of the E-PASS score; major complications=complications tha required medical intervention,
corresponding to category 2 of Tang et oL mechanical support=complications that required the use of rtfcial mechanical
support, corresponding to category 3 of Tang et al"é
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Table 3. Distribution of patients submitted to OR or EVAR into the morbidity classification, according to the PRS value.

Morbidity Groups - Open Repair

PRS n 0 % 1 % 2 % 3 % 4 %
02<04 8 6 7209 4 465 4 1628 3 349 3 349
04<06 13 76 67.26 4 354 2 1947 4 354 7 619
06<08 54 2 5370 1 185 12 222 3 556 9 1667
08<10 3 3 1304 1 435 9 3013 2 870 8 3478
10<12 6 1 1667 0 0 1 1667 0 0 4 6667
>12 4 0 0 0 0 1 2500 0 0 3 7500
Morbidity Groups - Endovascular Repair
PRS n 0 % [ % 2 % 3 % 4 %
02<04 9 5 5556 3 3333 1 i 0 0 0 0
04<06 30 n 3667 n 3667 7 2333 0 0 1 333
06<08 27 16 5926 2 741 6 22 0 0 3 nn
08<10 16 5 3125 1 625 7 375 0 0 3 1875
10<12 6 3 5000 3 5000 0 0 0 0 0 0
>12 3 1 3333 0 0 2 6667 0 0 0 0
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Table 1. Demographic data of the operated groups (2000-2013).

‘Open Repair Endovascular Repair Pvalue
Variable n=286 n=91

Age 6831819 years 73831868 years <00001
Male Gender 8392 % 8462 % 087
White Race 9091 % 9121 % 093
Arterial Hypertension 7544 % 8462 % 007
Smoking 8807 % %011 % 059
Cardiac Disease 629 % 549 % 078
Lung Disease 874 % 4725 % <00001
Diabetes 1329 % 1200 % 076
Renal Disease 1755 % 3077 % 00035
ASA4 1678 % 4066 % <00001
PSI3+4 694 % 769 % 014

‘Smoking=active smaking or past smoking history; cardiac disease=presence of disease in category 3 of above dlassication of the
Society for Vascular Surgery (SV5)" lung disease=presence of disease in category 2 or above of the SVS; renal disease=presence of a
creatinine level above 1.5 mg/dL; ASA=risk classification according to the American Anesthesiology Society; PSI=Performance Status.
Indexmeasures the level of physical activity of the patient used according to the E-PASS score™
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ig. 3 - Percentage of patients that did not present postoperative complications in the OR and EVAR groups, according to PRS.
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Fig. 6 - ROC curve for PRS versus survival in EVAR.
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Abbreviations, acronyms & symbols

ARA = Abdominal aortic aneurysms

ASA = American Anesthesiology Society risk classification
EPASS = Estimation of Physiologic and surgical stress
EVAR  =Endovascular repair

OR  =Openrepair
PR =PhysiologicRisk Score
ROC  =Recelver operating characteristic






OPS/images/a10img08.png
Table 4. ROC curve discriminating values of PRS versus survival.

Repair AUC | StdError | Pvalue 95%C1 Cutvalue | sensibilty | 1-specicity
LowerBound | Upper Bound
EVAR 0711 0073 0065 0568 0853 0754 073 030
0600 086 056
R 0792 0046 0000 0703 0882 0631 o071 044
0400 093 072
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Table 2. Overview of congenital heart disease (G1 and G2) (n=72).

GI G2 P
% %
Classification of diseases
Cyanotic 448 419 049%
Acyanotic 552 581
Heart disease discovery
1 month of ife 587 465
2 months to T year 31 372 0169
After 1 year of life 103 7
During gestation 93
Number of admissions TP 2037 00001
Information received
Yes 621 837 0036
Understands the disease
Yes 276 372 0405
Partially 483 326
Behavioral change
Yes 214 857 00001
Type of changes
Postive 71 50
Negative 143 357 00001
Limits the child's activities
Yes 63 619 0568

@) median and percentiles
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Table 3. General Result of the Denver |l Assessment (n = 128).

Gl G2 [ P
Normal 7041) 9(208) 30(536)
Suspect 1168 100233 15(268) <00001
Abnormal 8(276) 18(41.9) 3(3)
Impossible Test 30103) 6(12) 8(143)
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Table 1. Sample characterization (n = 128).

Gl 5] G3 B
(0=29) (0=43) (0=56)

Female gender 20(69) 17395) 29518 0047

Age

Tto 11 months 961) 18419) 569

1210 23 months 6(207) 12078) 110196) <00001

241047 months 12414) 10033) 18322)

48t0 72 months 2(69) 30 2093

Mother's age 26348.137 29(6889)° 2057 8)° 0177

Father's age 2896 (769" 31737647 321 (9827 0280

Mother's Education (years) 961 10611 1071175 0295

Father's Education (years) 951" 8117 961" 0427

Number of Children 2030 2030 2032 0537

Only child 13(448) 14326) 19339

The youngest child 14483) 24(558) 24429) 0413
R$179.00 R$20000 R5289.88

Percapita income 0042

(1414224200 | (10371-28071)® | (1362544031

Unplanned pregnancy 15(517) 24(556) 0714 0126

Prenatal 28(%66) 43(100) 50(893) 0024

No Problems during pregnancy 15(51.7) 25 (58.1) 43(768) 0036

No Complications at birth 18 (621) 32(744) 49875) 0025

No history of Use of Substance during e o P 10

pregnan:

(2) mean and standard deviation (b) median and percentiles





