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  Andy PetroianuI
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  I gratefully acknowledge Professor Dr. Paulo Roberto Barbosa Evora for the honorable invitation to present some reflections on research in the training of cardiovascular surgeons. The ephemerality that characterizes the scientific truths, as new information substitutes the provisionally established knowledge, is also valid for this writing[1-4]. In the past, I had other concepts, and the future will make me have a different view on this topic.

  Science is a part of Philosophy, as it is a style of thought and action, which seeks to solve problems arising in human activities or originating in thought and uses the research as an instrument that, by being creative, is an Art. Medicine is the human activity whose character associates Science with the Art of Research, thus physicians should be considered researchers in their activity[1-8]. Like Molière’s Bourgeois, who spent his life making “prose” without realize it, all physicians carry out research throughout their activity without being aware of this fact[9]. Therefore, it makes no sense for the cardiovascular surgeons to reject the research, considering themselves unable to exercise it or alleging lack of time, for being far from their purposes. Physicians, regardless of their specialty, act as researchers by accepting, directly or indirectly, the challenge of each patient, in search of the correct diagnosis and the best therapeutic result. Persistence in their objectives qualifies researchers and physicians alike, in laboratories, advanced technological institutes, offices, or the operating room[8,10,11].

  “Know thyself” (γνῶθι σɛα&ugr;τόν), found in the temple of Apollo at Delphi and written about 3500 years ago, contains the essentials of making choices, including the professional ones[7]. All people are born genetically made, not only in physical and functional characteristics, but intellectually too[3,8,12]. True surgeons already have innate talent and skill for the surgical art, and to choose the specialty with which each one best identifies is a personal decision. The Cardiovascular Surgery is much more than limited to the heart and great vessels, as it can be verified in many thousands of books and millions of scientific papers. This is one of the Medicine fields in which most research is done, both in the basic sciences, in laboratories and with animals, as in the clinic and surgical practice.

  No matter how much it is studied, researched, and published, there will always be many mysteries in all fields of knowledge to be investigated and understood[2,3,5]. Every day, in each patient, doubts and new findings must be disclosed, despite the vast literature[13].

  In other countries, with advanced social awareness, scientific works are stimulated by substantial financial resources from government programs and many organizations and institutions that sponsor research projects. Specifically in Medicine, grants not only for the researchers but also for the hospitals and laboratories where they work motivate physicians to produce, to not being replaced by other more productive professionals. Thus, the surgeon must associate surgical excellence with the qualities of a fecund researcher. As a result, there is a personal financial gain combined with the spread of the professional name at a high intellectual and social level in a continuous upward spiral.

  In Brazil, research funding is almost exclusively provided by public institutions, with emphasis on the Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), and states Fundações de Apoio à Pesquisa (FAPs)[8,14,15]. Regrettably, the current government policy has progressively reduced resources, considering Brazilian research to be superfluous and preferring to import the knowledge generated by other countries for being less expensive. On the other hand, there is no incentive for private institutions to sponsor the research. Traditionally, Brazilian and multinational companies prefer to stimulate physicians to consume their products instead of investing in professionals to contribute to the development of drugs, devices, instruments, and equipment, which would certainly be useful to the enterprises themselves and to promote the national scientific progress.

  In the cardiovascular area, there is also the financial income proportional to the surgical activity, therefore, the more the surgeon operates, the greater will be the gain. In this way of thinking, research is seen as a waste of time and, consequently, of money. Scientific investigation is laborious, requires the preparation of a project, which must be submitted to an ethics committee and only after its approval, which is not easy, the work is allowed to be carried out. It is also up to the researcher to seek financial support to implement the research, considering that the reduced resources from the funding agencies are directed to the most productive researchers, as they are more likely to conclude and publish their experiments.

  In this sad scenario, when compared to other countries, research in Brazilian Cardiovascular Surgery remains at a level far below its real capacity and its professionals will. Even so, there are many skilled surgeons, with a relevant clinic, who still find time to carry out scientific works of great importance, often supported by their own resources. This reality confirms the investigative nature of all physicians, including the cardiovascular surgeons.

  Despite the positive or negative results, the research must be published, as it is not possible to predict its repercussion in the medical-scientific community. Every work brings some kind of contribution. Even unsuccessfully frustrating investigations can help other researchers, preventing them from repeating the same work, which has proven inadequate[1,4,16-18]. It is unacceptable that an idea, a discovery during the professional practice, or a research is not published.

  Publishing the manuscript in an international high impact factor journal should not be the main purpose of an author. Although an article published in a journal with a greater impact is more valued, it is not necessarily more read. The information contained in the article is most useful when directed to the community that has a real interest in it. Researchers should select the journal that best reaches this community. Currently, all articles published in the journals integrated in each database are included without considering the impact factor. Articles published in journals with a high impact factor and others with no impact are found side by side. Likewise, letters to the editor are put together with case reports, review articles, and multicenter studies, as well as advanced research, very elaborate and on the edge of knowledge. Each article is considered and cited for its intrinsic value and no longer for the vehicle that published it[19].

  Science helps in individual progress, however, if it is not associated with a greater humanistic development, the physician, being a researcher or not, will remain small[2,3,7,12]. Occasionally, a scientific work can have social repercussions and bring worthwhile returns, but the biggest reward is to overcome a challenge and to feel useful, through an honest activity and within its own limits. Desiring to contribute to society in solving problems in the most different fields of knowledge is very similar to creating a work in Art and even giving birth to a child. The immortality of the life is achieved by means of the reproductive capacity and by the products that, due to their value, persist after the owner’s departure.
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    ABSTRACT

    INTRODUCTION:

    Coronary artery bypass grafting (CABG) performed with and without cardiopulmonary bypass (CPB) support has been widely discussed in the literature. However, little is known about the outcomes of those techniques in Brazil. This study aims at exploring 30-day mortality and morbidity outcomes of on- and off-pump isolated CABG in a large sample from Southern Brazil.

    METHODS:

    A single-center cohort with 1,767 patients undergoing isolated CABG (January 2013 - December 2018) was initially evaluated. Patients undergoing off-pump (N=397) and on-pump (N=1,370) CABG were identified. To obtain two completely homogeneous study groups, propensity score matching was used. The paired groups were compared by descriptive and univariate analyses. Then, logistic regression was used to verify the effects of on- and off-pump CABG on 30-day mortality.

    RESULTS:

    None of the baseline characteristics showed significant difference between the groups (P>0.05). None of the analyzed morbidity outcomes showed any difference between the groups, including acute myocardial infarction (3.0% vs. 1.5%; P=0.192), stroke (2.4% vs. 4.2%; P=0.193), and major reoperation (0.6% vs. 0.3%; P=1.000), as well as the major adverse cardiovascular and cerebrovascular events composite outcome (6.3% vs. 7.5%; P=0.541). Mortality also did not differ (1.5% vs. 2.4%; P=0.401), and CPB support was not an independent predictor of risk for 30-day mortality (odds ratio: 2.052; 95% confidence interval: 0,609-6.913; P=0.246).

    CONCLUSION:

    After matching by propensity analyses, similar rates of on- and off-pump 30-day mortality and other major outcomes were observed. In addition, the use of CPB support was not an independent predictor of risk for the occurrence of 30-day mortality.

    Keywords: Cardiopulmonary Bypass; Morbidity; Propensity Score; Logistic Model; Reoperation, Myocardial Infarction.

  

   

   

  INTRODUCTION

  In Brazil, coronary disease is a condition with very high prevalence[1]. The standard treatment for complex coronary disease is coronary artery bypass grafting (CABG)[2-5]. Coronary surgery was introduced in Brazil by Drs. Jatene and Zerbini in late 1960s and is the most widely performed surgical cardiovascular procedure in Brazil. In fact, more than 20,000 surgical revascularizations are performed every year, representing 113 CABGs per million inhabitants in Brazil annually[1]. CABG patients in Brazil have high prevalence of several cardiovascular risk factors, and the national mortality rates are about 6%[6].

  Worldwide, the question regarding the effectiveness of cardiopulmonary bypass (CPB) support has become debatable and even controversial. Randomized clinical trials (RCTs) comparing on and off CPB techniques have shown mixed results[7-10]. Thus, a scientific consensus is yet to be reached on the best practice for CPB support use in CABG[12]. Very few studies have compared both techniques in Brazilian samples, and no large-scale RCT has been done in Brazil with the same aim[12-14].

  In Brazil, controlled RCTs of cardiovascular surgeries are often not performed due to a dearth of clinical research teams in most cardiovascular centers, as well as lack of research funding. Recently, an emergent statistical methodology has been increasingly used to compare interventions by using observational data from cohorts. For instance, the propensity score matching analysis has become a feasible and powerful approach to study surgical outcome data[10,15-17] without the costs of doing an RCT, while still controlling for heterogeneity in the sample.

  This study aims at using a propensity score matching analysis to compare the outcomes of two groups of post isolated CABG patients (on- vs. off-pump) in a reference cardiovascular center in Southern Brazil.

   

  METHODS

  This study protocol received full approval from the institutional ethics review board (2.006.177) and departmental research committee. It complies with the ethical guidelines of the Declaration of Helsinki. As this is a retrospective observational study of clinical surgical practice, the consent form was not required by the local committee.

  We analyzed a single-center cohort with 1,767 patients who underwent isolated CABG between January 2013 and December 2018. Of these surgeries, 397 (22.5%) were performed with off-pump technique, and 1,370 (77.5%) were performed with on-pump technique. A standard median sternotomy was performed in all patients. As an uncontrolled cohort study, the criteria used to choose the surgical technique was subjective and dependent on each surgeon’s discernment.

  Sample heterogeneity is often observed in randomized controlled trials, and this study used a propensity score matching analysis by a logistic regression model[18] to obtain two completely homogeneous comparison groups. A logistic regression model was built with the categorical variable of CPB support as the dependent variable. The independent variables were 21 baseline and clinical characteristics including gender, age, weight, hypertension, diabetes, acute myocardial infarction (AMI), renal impairment, hemodialysis, smoking, chronic obstructive pulmonary disease (COPD), pulmonary artery systolic pressure (PASP), stroke, peripheral artery disease, atrial fibrillation (AF), New York Heart Association class III or IV heart failure, frailty, anemia, instable angina, previous cardiovascular surgery, stenosis > 50% in the left main coronary artery, and emergency surgery.

  The probabilities generated for each patient were used as scores to establish the best match. To form a pair, it was necessary to have the same value in the three first decimals. The fourth decimal being the tiebreaker criterion in the pairing. This way, it was possible to obtain 332 pairs (N=664) of very similar patients. In Figure 1, the equality of the propensity score matching values between the two intervention groups is presented.
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  After the propensity score matching, we performed normality analyses for all quantitative variables evaluated in the study - age, creatinine clearance, left ventricular ejection fraction, PASP, European System for Cardiac Operative Risk Evaluation (EuroSCORE) I, EuroSCORE II, and Society of Thoracic Surgeons (STS) score. The distribution pattern was evaluated by skewness and kurtosis coefficients and Kolmogorov-Smirnov test. Coefficients between-3 and +3 and a Kolmogorov-Smirnov test P-value > 0,05 indicated a normal distribution. In this way, EuroSCORE I, EuroSCORE II, and STS score presented asymmetric distributions and were analyzed by univariate non-parametric Mann-Whitney U test. Other quantitative variables with normal distributions were analyzed with t-test for independent samples. Descriptions of the quantitative variables were made by mean and standard deviation. Qualitative variables were described by absolute number and the related proportion (%). To analyze this kind of variable we applied the two tailed Pearson’s Chi-square.

  The baseline characteristics and outcomes were compared according to the study group (on-pump vs. off-pump) with the univariate tests previously mentioned. For this analysis, a P-value < 0.05 was considered significant. A univariate analysis stratified by the occurrence of death in 30 days was also carried out in order to evaluate and select potential predictors for the occurrence of the outcome. Only in this case, to select the independent variables for the regression model, we considered significant P-values < 0.10 in the analysis stratified by death rates.

  Based on the univariate analysis, we selected for the regression model the following variables as independent variables: gender, COPD, AF, and preoperative anemia. In addition to these variables, we also used CPB as an independent variable because it is our main stratification variable. Therefore, the regression model had, as a dependent variable, the occurrence of death in 30 days and, as independent variables, gender, COPD, AF, preoperative anemia, and use of CPB. Bearing in mind that our outcome is a dichotomous categorical variable, we used the corresponding multivariate model for the analysis, a binary logistic regression.

   

  RESULTS

  None of the baseline clinical and demographic characteristics showed a significant difference between the groups (Table 1). This demonstrates a high degree of homogeneity between the two groups, obtained through propensity matching technique, allowing for a solid comparison between the 30-day outcomes of isolated CABG.
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  None of the analyzed outcomes showed any differences between the groups, including AMI (3.0% vs. 1.5%; P=0.192), stroke (2.4% vs. 4.2%; P=0.193), major reoperation (0.6% vs. 0.3%; P=1,000), major adverse cardiovascular and cerebrovascular events (MACCE) (6.3% vs. 7.5%; P=0.541), and death (1.5% vs. 2.4%; P=0.401). All the major outcome comparisons are shown in Figure 2. The overall mortality rate was 2.0%.
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  It was possible to establish, through regression analyses, that the use of CPB was not an independent predictor of risk for the occurrence of death (odds ratio [OR]: 2.052; 95% confidence interval [CI]: 0,609 - 6.913; P=0.246). Furthermore, other variables with univariate association with 30-day mortality were independent predictors for the outcomes — gender (OR: 4.659, 95% CI: 1.375 - 15.787; P=0.013), COPD (OR: 5.903, 95% CI: 1.316 - 26.469; P=0.020), preoperative AF (OR: 9.550, 95% CI: 1.507 - 60.509; P=0.017), and preoperative anemia (OR: 4.150, 95% CI: 1.272 - 13.541; P=0.018) (Table 2).

  
    

    [image: Table 2. Logistic regression analysis.]

  

   

  DISCUSSION

  This study adds to our knowledge on the outcomes of on- vs. off-pump CABG procedures in Southern Brazil. It shows that there are no significant differences between on- and off-pump CABG mortality and morbidity. In addition, a logistic regression adjusted model did not predict that CPB support is a risk factor for 30-day post-surgery mortality rates in this sample.

  These findings are congruent with findings from Lamy et al.[9] (2012) that showed no differences between on- and off-pump isolated CABG mortality and morbidity outcomes within the CORONARY trial study, an international multicenter randomized controlled trial. Mortality rates in the CORONARY trial study were of 2.5% in both on- and off-pump groups, which was similar to our study, especially in the on-pump group, however our off-pump group showed slightly lower rates of mortality (1.5%).

  Another large multicenter randomized controlled trial study, called ROOBY trial[8], also showed a lack of significant differences between on- and off-pump CABG procedures. Like in the CORONARY trial, this trend was similar to our results, however, the 30-day mortality rates observed in the ROOBY trials were higher than those observed in our study (7% off-pump and 5.6% on-pump).

  The observed differences in mortality rates may be due to the large number of centers involved in data collection and possible heterogeneity in training among the surgeons who performed the surgeries in those large trials[7-9]. For instance, the present study involved only one center, with four very experienced surgeons (an average of 15 years of experience for both techniques), who had previously performed at least 250 surgeries of each procedure (on- and off-pump).

  Large randomized controlled trials are very difficult to be done, especially in developing nations, with limited research resources, like Brazil. The propensity matching score model allows for retrospective analyses of surgical outcome data that can be compared to RCT results done in large multicenter studies. Previous studies using propensity matching scores in CABG outcome data have been successful in retroactively evaluating mortality and morbidity in on- and off-pump CABG outcomes[15,16].

  While Bakaeen’s[19] study had a similar rate of off-pump procedure (18-24%) as compared to our study rates of off-pump surgery (22.5%), Brewer et al.[15] showed lower rates of off-pump procedures (9%). These studies analyzed 1:1 matching of both procedures and indicated similar results. These results highlight that our center in Southern Brazil has produced similar outcomes as international studies in terms of mortality and morbidity, while using a propensity matching score. Our results are relevant as they shed light on Brazilian CABG outcomes in a large scale.

  On the other hand, in a cohort of the State of New York (United States of America) with 49,830 patients, a proportion of off-pump surgeries of 27.8% was verified. It was slightly higher than that verified in our study. Using a methodology that used propensity score matching, the researchers found significantly lower rates of mortality and complications associated with short-term off-pump surgery[20].

  In the past, we had few Brazilian studies comparing on- and off-pump CABG surgeries. In 2004, Lima et al.[12] published the results of an analysis of 73 Brazilian octogenarian patients. The researchers observed for on-pump CABG patients a surgical mortality rate equal to 11.5%, while the off-pump patients had a surgical mortality rate equal 2.1%. In another study by the same group of researchers, Sá et al.[13] (2010) showed the results of on- and off-pump CABG in a cohort with 941 women. The surgical mortality rate for off-pump CABG was lower when compared with the on-pump technique (3.1% vs. 5.3%), but without statistical significance. These two studies were performed considering specific patient characteristics (age or gender), while our study encompassed all patients of the center. Thus, both studies have important information about Brazilian patients, and demonstrated different trends in relation to mortality compared to our study - e.g., lower mortality rate for off-pump CABG, compared to on-pump. In 2012, Cantero et al.[14] published the results of a comparison between the two techniques using a cohort with 177 patients. The researchers verified that the mortality rate was similar between the techniques. However, postoperative AMI rates were higher in the on-pump CABG group (7.6%, off-pump; 12.9%, on-pump). In our study, we did not observe this same pattern, and, in addition, AMI rates were much lower (3.0%, off-pump; 1.5%, on-pump).

  Finally, we were able to match 664 patients and obtained two very similar groups. In this way, it was possible to compare the 30-day outcomes for the two surgical techniques of revascularization (off-pump and on-pump) more effectively. The propensity score matching is a way of emulating a randomization process, and it raises the level of evidence generated through a cohort study. Our initial cohort had 1,767 patients, and, with the matching, 1,103 patients were discarded from the analysis. This reduction in the number of individuals in the sample is part of the strategy of the propensity score matching, in which a larger number of participants is neglected so that very similar pairs of patients are formed. We think that the confounding results from different studies on the outcomes of the two techniques remains, thus more studies with similar methodologies or RCTs are needed in different populations, as our results contribute to shed light on the characteristics of our population and on the surgical results obtained with CABG procedures in Brazil.

  Limitations

  Although all patients were operated on by the same group of surgeons and underwent the same pre and postoperative care protocols, the study was carried out at a single institution. Thus, it is likely that our study represents, in some way, only the population of Southern Brazil. Due to the vast Brazilian territory, there are several different regions, and, as a result, we have an important heterogeneity in healthcare structures and also in the prevalence of cardiovascular risk factors. Another important point, addressed at the end of the discussion, is the reduction in the number of individuals in the analysis with the application of propensity score matching, which may neglect patients with unique characteristics. However, this is a necessary action for obtaining fully balanced study groups. In this way, the comparison of outcome rates can be performed more safely. However, even with the use of this statistical technique that makes the evidence generated from a cohort more reliable and robust, the study does not have the level of evidence from an RCT.

   

  CONCLUSION

  After analysis by propensity score matching, it was possible to observe that patients who underwent surgery with and without CPB had similar incidences of mortality, AMI, stroke, major reoperation, and MACCE in the 30 days post-CABG. It was also possible to verify that the use of CPB was not an independent risk predictor for the occurrence of 30-day mortality. In addition, we could observe that gender, COPD, preoperative AF, and preoperative anemia were independent risk predictors for the occurrence of post-CABG 30-day mortality.

   

  REFERENCES

  1. Oliveira EL, Westphal GA, Mastroeni MF. Demographic and clinical characteristics of patients undergoing coronary artery bypass graft surgery and their relation to mortality. Rev Bras Cir Cardiovasc. 2012;27(1):52-60. doi:10.5935/1678-9741.20120009.

  2. Cundiff DK. Coronary artery bypass grafting (CABG): reassessing efficacy, safety, and cost. MedGenMed. 2002;4(2):7.

  3. Taggart DP. Best practices in coronary revascularization procedures: are we where we should be? Curr Opin Cardiol. 2014;29(6):528-33. doi:10.1097/HCO.0000000000000111.

  4. Squiers JJ, Mack MJ. Coronary artery bypass grafting-fifty years of quality initiatives since Favaloro. Ann Cardiothorac Surg. 2018;7(4):516-20. doi:10.21037/acs.2018.05.13.

  5. Paez RP, Hossne Junior NA, Santo JADE, Berwanger O, Santos RHN, Kalil RAK, et al. Coronary artery bypass surgery in Brazil: analysis of the national reality through the BYPASS registry. Braz J Cardiovasc Surg. 2019;34(2):142-8. doi:10.21470/1678-9741-2018-0313.

  6. Kaufman R, Kuschnir MCC, Xavier RMA, Santos MA, Chaves RrBM, Müller RE, et al. [Epidemiological profile for coronary artery bypass grafting surgery]. Rev Bras Cardiol. 2011;24(6):369-76. Portuguese.

  7. Novitzky D, Shroyer AL, Collins JF, McDonald GO, Lucke J, Hattler B, et al. A study design to assess the safety and efficacy of on-pump versus off-pump coronary bypass grafting: the ROOBY trial. Clin Trials. 2007;4(1):81-91. doi:10.1177/1740774506075859.

  8. Shroyer AL, Grover FL, Hattler B, Collins JF, McDonald GO, Kozora E, et al. On-pump versus off-pump coronary-artery bypass surgery. N Engl J Med. 2009;361(19):1827-37. doi:10.1056/NEJMoa0902905.

  9. Lamy A, Devereaux PJ, Prabhakaran D, Taggart DP, Hu S, Paolasso E, et al. Off-pump or on-pump coronary-artery bypass grafting at 30 days. N Engl J Med. 2012;366(16):1489-97. doi:10.1056/NEJMoa1200388.

  10. Liu P, Wang F, Ren S, Lin F, Yang Y, Fan X, et al. A propensity score analysis on the effect of on-pump versus off-pump coronary artery bypass grafting for patients with coronary artery disease. J Thorac Dis. 2014;6(6):838-44. doi:10.3978/j.issn.2072-1439.2014.05.08.

  11. Raja SG, Benedetto U. Off-pump coronary artery bypass grafting: misperceptions and misconceptions. World J Methodol. 2014;4(1):6-10. doi:10.5662/wjm.v4.i1.6.

  12. Lima R, Diniz R, Césio A, Vasconcelos F, Gesteira M, Menezes A, et al. Myocardial revascularization in octogenarian patients: retrospective and comparative study between patients operated on pump and off pump. Braz J Cardiovasc Surg. 2005;20(1):8-13.

  13. Sá MP, Lima LP, Rueda FG, Escobar RR, Cavalcanti PE, Thé EC, et al. Comparative study between on-pump and off-pump coronary artery bypass graft in women. Rev Bras Cir Cardiovasc. 2010;25(2):238-44. doi:10.1590/s0102-76382010000200018.

  14. Cantero MA, Almeida RM, Galhardo R. Analysis of immediate results of on-pump versus off-pump coronary artery bypass grafting surgery. Rev Bras Cir Cardiovasc. 2012;27(1):38-44. doi:10.5935/1678-9741.20120007.

  15. Brewer R, Theurer PF, Cogan CM, Bell GF, Prager RL, Paone G, et al. Morbidity but not mortality is decreased after off-pump coronary artery bypass surgery. Ann Thorac Surg. 2014;97(3):831-6.

  16. Bakaeen FG, Kelly RF, Chu D, Jessen ME, Ward HB, Holman WL. Trends over time in the relative use and associated mortality of on-pump and off-pump coronary artery bypass grafting in the veterans affairs system. JAMA Surg. 2013;148(11):1031-6. doi:10.1001/jamasurg.2013.3580.

  17. Deb S, Austin PC, Tu JV, Ko DT, Mazer CD, Kiss A, et al. A review of propensity-score methods and their use in cardiovascular research. Can J Cardiol. 2016;32(2):259-65. doi:10.1016/j.cjca.2015.05.015.

  18. Kuss O, Blettner M, Börgermann J. Propensity score: an alternative method of analyzing treatment effects. Dtsch Arztebl Int. 2016;113(35-36):597-603. doi:10.3238/arztebl.2016.0597.

  19. Bakaeen FG, Chu D, Kelly RF, Holman WL, Jessen ME, Ward HB. Perioperative outcomes after on- and off-pump coronary artery bypass grafting. Tex Heart Inst J. 2014;41(2):144-51. doi:10.14503/THIJ-13-3372.

  20. Hannan EL, Wu C, Smith CR, Higgins RS, Carlson RE, Culliford AT, et al. Off-pump versus on-pump coronary artery bypass graft surgery: differences in short-term outcomes and in long-term mortality and need for subsequent revascularization. Circulation. 2007;116(10):1145-52. doi:10.1161/CIRCULATIONAHA.106.675595.

   

   

  Correspondence Address:

    Álvaro Rösler

https://orcid.org/0000-0003-4727-3367

Centro de Pesquisas em Cirurgia Cardiovascular

Hospital São Francisco – Santa Casa de Misericórdia de Porto Alegre

Rua Prof. Annes Dias, 285, Centro Médico do Hospital São Francisco, Térreo, Bairro

Centro, Porto Alegre, RS, Brasil - Zip Code: 90020-090

E-mail: alvaromrosler@gmail.com

  Submitted on: 04/16/2021

  Approved on: 05/14/2021

  
    [image: abb]

  





  DOI: 10.21470/1678-9741-2020-0507

  ORIGINAL ARTICLE

  
    Oliveira KAS, Lousa ACS, Souza ML, Leão Neto TC, Oliveira JB, Sousa LHP, et al. Braz J Cardiovasc Surg 2022;37(01):7-12

  

  
    In-Hospital Outcomes of Right Minithoracotomy vs. Periareolar Access for Minimally Invasive Video-Assisted Mitral Valve Repair

  

   

   

  Karen Amanda Soares de OliveiraI; Ana Carolina dos Santos LousaI; Marcos Loiola de SouzaI; Tércio Campos Leão NetoII; Jeffchandler Belém de OliveiraII; Lucas Henrique Prado SousaII; Arlindo Rodrigues Galvão FilhoIII; Rodrigo Oliveira Rosa Ribeiro de SouzaIV

  IFaculdade de Medicina, Universidade Federal de Goiás, Goiânia, Goiás, Brazil.

  IICardiovascular Surgery Department, Hospital Ruy Azeredo, Goiânia, Goiás, Brazil.

  IIIComputer Department, Pontifícia Universidade Católica de Goiás, Goiânia, Goiás, Brazil.

  IVCardiovascular Surgery Department, Hospital do Coração Anis Rassi, Goiânia, Goiás, Brazil.

   

  
    ABSTRACT

    INTRODUCTION:

    In minimally invasive mitral valve repair, right minithoracotomy is the most widely performed method, providing a good view of the mitral valve. But regarding other techniques and although it offers limited visualization, the periareolar access is a less traumatic alternative. This study’s purpose is to compare in-hospital outcomes in patients who underwent video-assisted minimally invasive mitral valve repair via right minithoracotomy and periareolar access.

    METHODS:

    This is a retrospective observational study including 37 patients (> 18 years old), without previous right thoracic surgery, who underwent their primary mitral valve repair, with indication for minimally invasive video-assisted approach (via right minithoracotomy or periareolar access), between January 2018 and August 2019. Patients’ medical records were consulted to collect demographics data, operative details, and in-hospital outcomes.

    RESULTS:

    Twenty-one patients underwent right minithoracotomy, and 16 were operated via periareolar access. The mean patients’ age was 62±12 years in the right minithoracotomy group and 61±9 years in the periareolar access group (P=0.2). There are no significant differences in incision length, cardiopulmonary bypass time, aortic cross-clamping time, hematocrit, amount of chest tube drainage, and intensive care unit and in-hospital length of stay. Time to extubation presented significant differences between the right minithoracotomy and the periareolar access group (4.85 hours vs. 5.62 hours, respectively) (P=0.04).

    CONCLUSION:

    In this study, we found similar results in the two applied surgical techniques, except for the time to extubation.

    Keywords: Mitral Valve; Thoracic Surgery; Thoracotomy; Cardiac Surgical Procedures; Airway Extubation; Drainage; Intensive Care Units; Length of Stay.

  

   

   

  INTRODUCTION

  The mitral valve repair is considered the gold standard treatment for mitral regurgitation, and it correlates with a high repair rate and low mortality[1]. The procedure can be performed per minimally invasive surgery (MIS), which demonstrates safety to treat a wide range of pathologies, including mitral valvopathy[2,3]. A recent meta-analysis showed that a minimally invasive approach to valve repair seems to provide equivalent early and long-term results to conventional median sternotomy for complex mitral valve insufficiency[4]. Even though median sternotomy remains a well-accepted option for mitral valve repair, minimally invasive techniques provide smaller incisions and, consequently, less operative trauma. Thus, the advantages of these are less bleeding, shorter recovery time, and more satisfactory esthetic results[5-7].

  Since the first successful video-assisted surgery for mitral valve repair in the 1990s, the emergence of new technologies benefited the development of different access methods[8]. The chosen technique must provide an adequate view of the mitral valve and allow dexterity to manipulate long surgical instruments. The right minithoracotomy (RT) satisfies these requirements; therefore, it is the most performed approach for minimally invasive mitral valve repair in most hospitals[9]. The periareolar access (PA), a variation of RT, offers more limited visualization compared to RT. Despite that, it is becoming more common in mitral and tricuspid valve surgeries, given that it provides a less traumatic option, showing good esthetic and sensory function results[9-11].

  Nevertheless, the results obtained with these two access approaches have not been compared. Consequently, an incision site choice usually depends on the surgeon’s preference and the patient’s general anatomic characteristics[9]. Although PA carries a potentially smaller incision, offering an esthetic advantage over RT, it is essential to investigate if these techniques showed differences regarding intraoperative management and patient’s postoperative evolution concerning esthetic and clinical parameters. This knowledge serves as a decision support tool for the cardiovascular surgeon, aiming to choose the adequate alternative for each patient.

  Therefore, the purpose of this study is to compare in-hospital outcomes of patients with degenerative mitral valve regurgitation who underwent video-assisted minimally invasive mitral valve repair via RT and PA.

   

  METHODS

  Study Design and Patients

  We performed a retrospective observational study including 37 patients with degenerative mitral valve regurgitation. The patients included were more than 18 years old and underwent their primary mitral valve repair, with an indication for minimally invasive video-assisted approach (via RT or PA), between January 2018 and August 2019. No patients were excluded from the sample. Patients’ medical records were the source of all demographics data, preoperative and intraoperative details, and in-hospital outcomes. The Research Ethics Committee approved this research of the Universidade Federal de Goiás (registration number: 3750477; CAAE number: 23020719600005078). Since all data were collected retrospectively and managed anonymously, patient informed consent was waived. This study followed the main available reporting guidelines Strengthening the Reporting of Observational Studies in Epidemiology (or STROBE)[12].

  Operative Methods

  Operations were carried out using general anesthesia, and patients underwent orotracheal intubation with a double-lumen endotracheal tube. Cardiopulmonary bypass (CPB) was initiated through the femoral artery and vein cannulation, arterial cannulation was performed with a femoral cannula, and venous cannulation was accomplished with percutaneous cannulation of the femoral vein.

  Regarding the incisional approaches used, MIS mitral valve repair was performed through RT or PA. The choice of the incision sites was based on anatomical principles for each patient to provide ideal exposure and adequate access to the mitral valve. RT and PA have almost the same absolute contraindications (previous right hemithorax surgery and local radiotherapy), but areola diameter and absence of breast implants were appreciated when PA was considered. Therefore, PA was performed in patients with an areola diameter > 3-4 cm, and RT was performed in patients with an areola diameter ≤ 3-4 cm or patients with breast implants to avoid complications of prosthesis manipulation.

  RT was carried out through an anterolateral chest wall incision, which was performed at the fourth intercostal space in men or at the inframammary space in women. PA consists of a right lateral chest wall incision around the bottom of the nipple (Figure 1). Transthoracic aortic cross-clamping was performed, and all operations were carried out by using special instruments for minimally invasive video-assisted cardiac surgery. Mitral valve was exposed, followed by careful evaluation of the leaflets and the subvalvular apparatus, and, at last, the planning of valve reconstruction. All patients received mitral annuloplasty using semi-rigid mitral rings, and several techniques were used for the mitral valve reconstruction. The same team of surgeons performed all operations.

  
    

    [image: Fig. 1. (A) Right minithoracotomy and (B) periareolar access incisions for minimally invasive mitral valve surgery.]

  

  Statistical Analysis

  Continuous variables are expressed as mean ± standard deviations and were compared using Student’s t-test with Levene’s test for homogeneity of variance. Categorical variables are expressed as numbers and percentages, and Fisher’s exact tests were applied to compare the two groups’ results. We used MATLAB® Software (The MathWorks, Inc.) for statistical analysis. P-value < 0.05 was considered statistically significant.

   

  RESULTS

  Among patients who underwent mitral valve repair for degenerative mitral regurgitation through a minimally invasive video-assisted access (via RT or PA), RT approach was performed in 21 (56.7%), and 16 (43.3%) underwent PA. Table 1 presents the patients’ baseline demographics and preoperative characteristics. There are no statistical differences between the RT group and the PA group for all baseline characteristics considered. All operations were completed as planned, and there were no conversions to full sternotomy or surgery for mitral valve replacement. There were no cases of in-hospital mortality in both groups.

  
    

    [image: Table 1. Baseline characteristics of patients who underwent MIS mitral valve repair via RT and PA.]

  

  Table 2 summarizes intraoperative and in-hospital postoperative outcomes in each group. Time to extubation presented a statistically significant difference between the RT and PA groups (4.85±1.71 hours vs. 5.62±1.08 hours, respectively; P=0.04). There were no statistically significant differences in other intraoperative outcomes or in-hospital postoperative outcomes.

  
    

    [image: Table 2. Intraoperative and in-hospital postoperative outcomes of patients who underwent MIS mitral valve repair via RT and PA.]

  

   

  DISCUSSION

  Over the last decades, the creation of new technologies and access methods to the thoracic cavity turned the mitral valve repair less invasive, shortening the incision length and lessening the patient’s postoperative recovery time. Our study compared two minimally invasive techniques for video-assisted mitral valve repair (RT and PA), which showed similar results. Time to extubation was the only variable with a statistically significant difference between the RT and PA groups.

  The equivalence between these techniques’ results is not surprising, considering that the two approaches involve an incision at the fourth intercostal space. Nevertheless, each method presents its particularities. RT provides a more direct view of the valve at the expense of an increased distance from the intracardiac structures. In contrast, PA consists of a more medial and delicate incision, offering closer access to the mitral apparatus, with less operative trauma since it does not require the excessive spreading of the ribs[10,13]. However, RT remains the most well-accepted approach for MIS mitral valve repair worldwide, presenting low morbimortality in the short and long terms[13-16].

  Furthermore, PA is an alternative for RT in patients with favorable anatomy, and we performed it in 16 (43.3%) patients of this study (11 [73.33%] males). However, Poffo et al.[11,17] (2018) demonstrated the success of the video-assisted PA even in a sample composed mostly of women. Their study concluded that the presence of large breasts makes it difficult to access the intercostal space and the surgical view per RT, turning PA into an excellent alternative. Although the incision’s mean length has been higher in the PA group, this incision provides a discrete scar since it is placed in the nipple-areolar complex transition. Accordingly, patients who underwent PA refer to high satisfaction levels through the patient scar assessment scale and dermatology life quality indexes[10,12].

  Although MIS presents a longer operative time compared to the open approach, it does not implicate significant postoperative complications[18]. An analysis conducted by Percy et al.[14] (2020) showed that patients who underwent mitral valve repair via hemisternotomy had shorter CPB and aortic cross-clamping times than patients who underwent RT, an expected result given the higher correspondence between hemisternotomy and the conventional approach[14]. In our study, CPB and aortic cross-clamping times were higher in the PA group but without significant difference. Satisfactorily, CPB and aortic cross-clamping times in mitral valve MIS have shown a considerable reduction as the surgical team gains experience, which relates to better surgical results[19,20].

  The mean time to extubation was significantly longer in patients who underwent MIS mitral valve repair via PA (P=0.04), and it may reflect in the longer operative time of this group. Moreover, the anesthetic plan factors also play an essential role in determining extubation time[21]. Still, the volume drained from the chest in 24 hours had a lower mean value in the PA group (P=0.43). The minor operative trauma described for MIS resulted in less fluid drained in the postoperative period and less need for blood transfusions[6,7,21]. Therefore, fully thoracoscopic procedures for mitral valve surgery, including fully thoracoscopic PA, have gained popularity as even less invasive approaches[18,22].

  The average length of stay in the intensive care unit (ICU) was slightly higher in the RT group, which is not statistically significant (0.54) and, in general, it was similar to that described in other studies[14-16]. In a study conducted at the Massachusetts General Hospital, the average length of stay in the ICU of patients who underwent MIS mitral valve repair was only 24 hours[6]. The reduction in the total length of hospital stay demonstrates a fast recovery of the patient, and our analysis found an average of four days until hospital discharge. Furthermore, the in-hospital mortality of 0% reaffirms the safety of RT and PA. Similarly, Percy et al.[14] (2020) described mortality of 0% and 0.7% in 30 days for RT and hemisternotomy for mitral valve repair, respectively.

  Despite the two techniques studied presented similar results, a discrete access site and a better cosmetic effect are among the PA advantages. Furthermore, the absence of ribs excessive spreading is responsible for reducing postoperative pain[23]. Other scientific evidence also demonstrated satisfactory results of other minimally invasive methods of access[24,25]. However, the adoption of these techniques still requires overcoming a long learning curve[18]. Furthermore, with the performance of increasingly smaller incisions in video-assisted surgeries, adequate video assistance is essential, requiring adaptation of the operating room. Therefore, cardiovascular surgeons must acquire the necessary competence to apply these innovations, expanding their field of action to offer the best treatment to all patients.

  Limitations

  The limitations of our study are the limited number of operated patients and the learning curve of the team responsible for the procedures, which cannot be generalized for all circumstances.

   

  CONCLUSION

  In this study, we found similar results in the two surgical techniques applied, except for the time to extubation, which was lower in patients who underwent MIS mitral valve repair via RT. Both incisional approaches were feasible and demonstrated optimal in-hospital results. Further studies are needed to compare the results obtained with RT and PA in larger samples size and evaluate long-term outcomes achieved with each incisional approach.
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    ABSTRACT

    INTRODUCTION:

    The objective of this study was to identify risk factors for deep sternal wound infection (DSWI) after off-pump coronary artery bypass (OPCAB) grafting surgery.

    METHODS:

    A total of 8,442 patients undergoing OPCAB from April 1, 2009 to December 31, 2018 were retrospectively analyzed. A total of 956 were eventually enrolled on this study based on our exclusion criteria. All subjects were divided into two groups: group 1 (n=63) - DSWI; group 2 (n=893) - without DSWI. Patients were excluded if they had one of the following: acute coronary syndrome, conversion to OPCAB grafting surgery, redo procedure, concomitant cardiac surgery procedures.

    RESULTS:

    The prevalence of body mass index (BMI) ≥40 kg/m2 (7.9% vs. 1.9%, respectively; P=0.01), lower extremity atherosclerotic artery disease (23.8% vs. 7.2%, respectively; P=0.001) and use of bilateral internal thoracic artery (19.5% vs. 2.5%, respectively; P=0.008) was significantly higher in patients with DSWI. The incidence of morbidities, including reoperation for bleeding (26.4% vs. 2.1%, respectively; P<0.001), stroke (4.8% vs. 0.8%, respectively; P=0.02), acute renal failure (7.9% vs. 0.8%, respectively; P=0.001), delirium (7.9% vs. 1.7%, respectively; P=0.008) and blood transfusion (30.6% vs. 9.8%, respectively; P<0.001) was significantly higher in patients with DSWI.

    CONCLUSIONS:

    A BMI of >40 kg/m2, lower extremity artery disease, use of bilateral internal thoracic artery (BITA) graft, postoperative stroke, sepsis, reoperation due to postoperative complications and blood product requirement significantly increased the risk of sternal infection after OPCAB.

    Keywords: Coronary Artery Bypass; Off-Pump; Acute Coronary Syndrome; Sternum; Wound Infection; Lower Extremity.

  

   

   

  INTRODUCTION

  Deep sternal wound infection (DSWI) constitutes a serious complication after coronary artery bypass grafting (CABG) surgery with potentially devastating consequences for patients. Although median sternotomy is known to offer an excellent approach in CABG, the impact of DSWI on patient prognosis remains significant. The advances made in the field of prevention allowed the incidence of DSWI to decrease drastically in CABG operations. Nevertheless, studies reported an incidence ranging from 1.8% to 2.1% and from 1.3% to 2.4%[1-4], which, albeit low, still constitutes a major burden when put into the scale of the global number of CABG operations carried out worldwide. Indeed, DSWI has been shown to lead to life-threatening complications linked with an increase in long- and short-term mortality, morbidity, cost of care, prolonged hospital stay and in-hospital mortality ranging from 7% to 35%[5-8].

  The literature has also reported numerous risk factors potentially contributing to the development of DSWI in CABG, including the use of the internal thoracic artery for revascularization, long operative time, reoperation, an excessive use of bone wax and electrocoagulation, peripheral mechanical ventilation and other patient-related immunosuppressive risk factors[9,10]. However, data regarding off-pump coronary artery bypass (OPCAB) grafting and DSWI outcomes remain limited, with very few studies considering the risk factors for DSWI development in OPCAB.

  The aims of this study were to identify risk factors for sternal infection after OPCAB grafting. The understanding of DSWI in OPCAB continues to evolve and the relationship has not been established yet, with only a limited number of studies published on the subject.

   

  METHODS

  Population and Study Design

  This study conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in the a priori approval by the local Ethics Committee of our institution. We performed a retrospective review of a total of 9,790 patients in our institution who underwent CABG between April 1, 2009 and December 31, 2018, of which 8,442 (86%) were OPCAB. The left internal thoracic artery (LITA) was harvested in 97%. Patients were excluded if they had one of the following: acute coronary syndrome; conversion to on-pump coronary artery bypass (ONCAB) grafting; redo procedure; concomitant cardiac surgery procedures. Sixty-three patients (0.75%) with deep sternal infection and 893 patients without DSWI after OPCAB were selected according to the study exclusion criteria. The mean patient age was 63±6.5 years. Patients were followed up based on the information available in their electronic medical records, as well as through telephone interviews. The minimal period of follow-up for all patients was until discharge or death.

  Patients were divided into two groups: group 1 presenting with DSWI post-OPCAB (n=63), and group 2 without DSWI post-OPCAB (n=893). Baseline patient characteristics and operative data were collected and compared between both groups. Data collected as part of the institutional OPCAB database included detailed information on patients’ demographics, baseline clinical characteristics and their laboratory data, findings, intraoperative variables and postoperative outcomes.

  Diagnosis of DSWI was defined according to the guidelines provided by the Centers for Disease Control and Prevention, with all patients meeting at least one of the following: 1. Organism isolated from swab culture of mediastinal tissue or fluid; 2. Mediastinitis evidence observed intraoperatively; 3. One of the symptoms including chest pain, fever (>38°C), sternal instability, and presence of a purulent discharge from the mediastinum or swab culture isolated from the mediastinum tissue or fluid.

  Surgical Procedures

  All OPCAB procedures were performed in a standard manner through a median sternotomy. After sternotomy, some surgeons used wax for sternal bleeding. Internal thoracic artery (ITA) was generally harvested with an electrocautery scalpel. The method of harvesting ITA was pedicled or skeletonized. Distal anastomosis was usually performed with 8-0 polypropylene suture. Proximal anastomosis was performed with clamped aorta or “no-touch” aorta technique. After completion of proximal anastomosis, control flowmetry of bypasses, pericardiostomy of the left pleural cavity, installation of drains, osteosynthesis of the sternum, and layer-by-layer wound closure were done. Prior to closing the sternum, some surgeons used topical vancomycin.

  Statistical Analysis

  Data were analyzed using IBM SPSS version 25 (IBM Corp., Chicago, Illinois, United States). We used the Kolmogorov-Smirnov test to prove data for normal distribution. Quantitative data are expressed as the mean and standard deviation for normally distributed variables, and as median and interquartile range for variables that are not normally distributed. Differences between groups were compared using Student’s t test for normally distributed continuous data, Mann-Whitney U test for nonnormally distributed continuous variables, and c2 test for categorical variables. Odds ratio (OR) and 95% confidence intervals (CI) were analyzed to compare pooled proportions of participants presenting with and without the investigated risk factors A P<0.05 was considered statistically significant.

   

  RESULTS

  Preoperative Characteristics

  Study demographics and preoperative characteristics are provided in Table 1. Body mass index (BMI) ≥40 kg/m2 was significantly higher among patients in the DSWI group (7.9% vs. 1.9%, respectively; P=0.01). However, no statistical difference between group 1 and group 2 in mean BMI (31±3.1 vs. 31±4.2; P=0.1), BMI 30-34.9 kg/m2 (41.3% vs. 38.5%; P=0.6) and BMI 35-39.9 kg/m2 (12.7% vs. 12.6%; P=0.9) was found. Furthermore, no significant difference was found in laboratory findings between group 1 and group 2 in terms of creatinine (82±10 mmol/l vs. 92±20 mmol/l; P=0.06), mean HbA1c (7.9±1.5 vs. 7.6±1.5; P=0.8) and HbA1c ≥7.5 (55.6% vs. 59%; P=0.8). Lower extremity atherosclerotic arterial disease (23.8% vs. 7.2%, respectively; P=0.001) was significantly higher in patients with DSWI.

  Operative Outcomes

  Table 2 shows the operative characteristics. The median operative time was the same in both groups (125 [110-143] min vs. 150 [128-170] min, respectively; P=0.6), but the number of patients with an operative time of more than four hours was significantly higher in the group with DSWI (3.9% vs. 1.4%, respectively; P<0.001). The use of bilateral internal thoracic artery (BITA) was also associated with significantly higher rates of DSWI (19.5% vs. 2.5%, respectively; P=0.008). The use of topical vancomycin for prevention of DSWI was twice as frequent in patients without DSWI (76.4% vs. 38.1%, respectively; P<0.001).
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  The causative pathogen of DSWI was isolated and identified in 87.3% (n=55) of patients in the DSWI group (group 1). The organisms identified include Staphylococcus epidermidis (n=11), Staphylococcus aureus (n=12), Escherichia coli (n=4), Klebsiella pneumoniae (n=1), Klebsiella aerogenes (n=4), Pseudomonas aeruginosa (n=4), Acinetobacter baumannii (n=3), Enterobacter cloacae (n=5), Candida albicans (n=2), Proteus mirabilis (n=3), Proteus vulgaris (n=3) and Serratia marcescens (n=3).

  Postoperative Outcomes

  Table 3 shows the postoperative patient characteristics. The incidence of morbidities, including reoperation for bleeding, stroke, acute renal failure, delirium, blood and plasma transfusion was significantly higher in patients with DSWI. Patients with DSWI had a higher incidence of sepsis (3.2% vs. 0.1%, respectively; P=0.01) and tracheostomy (4.8% vs. 0%, respectively; P<0.001). The length of hospital stay was significantly longer in patients with DSWI (33 [32-87] days vs. 10 [9-13] days, respectively; P<0.001). The operative mortality rate in patients with DSWI was significantly higher than in patients without DSWI (4.8% vs. 0.1%, respectively; P=0.001).
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  DISCUSSION

  While the published evidence around isolated CABG reports the prevalence of DSWI at 1.3% to 2.4%[1-4], the prevalence of DSWI observed in our cohort was 0.75% of the total population (63 patients). The following findings could be explained in terms of our shorter operative achievement time, which resulted from the long-term experience of our center and surgeons in OPCAB, also leading to a low incidence of significant bleeding. Indeed, the high volume of off-pump operations (86% of total CABG operations at our center) and the individual surgeon’s expertise have been long reported to be determining factors in OPCAB outcomes[11], supported by multiple trials and observational studies.

  With regards to preoperative risk factors for DSWI in patients undergoing CABG, the literature reports a diverse and wide range of findings, including: gender, tobacco smoking, diabetes mellitus and obesity[5-10]. Indeed, in line with the published literature, our study found that obesity (BMI >40 kg/m2) is a significant preoperative risk factor for the development of DSWI. Moreover, lower extremity chronic atherosclerotic artery disease was also found as another preoperative factor contributing to DSWI development (Table 1). The following was also found by previous reports which have associated lower extremity chronic atherosclerotic artery disease with the development of DSWI after CABG[12].

  The results of our analysis of postoperative outcomes variables point out to the use of BITA grafts being associated with significantly higher rates of DSWI (Table 2). Although there could be several plausible explanations, internal mammary artery (IMA) is known to be a major blood supply source to the sternum, thus its utilization in OPCAB could lead to a consequent local hypoperfusion, leaving the site highly exposed to the potential risk of developing DSWI[13]. The following concerns regarding DSWI and BITA grafts in CABG were also reported with regards to diabetic patients by the European Association of Cardio-Thoracic Surgery (EACTS) and the European Society of Cardiology (ESC)[14]. However, it is true that there is still no consensus on the use of BITA grafts in OPCAB and the development of DSWI, with scarce and conflicting evidence published in the literature.

  The association of BITA and increased DSWI was reported for the first time in 1990[15]. Thereafter, a vast plethora of studies obtained similar results linking BITA to an increased risk of all types of sternal infection, with a metanalysis by Dai et al.[5] reporting an increase of up to 62% of sternal infection. These results are further supported by the Arterial Revascularisation Trial, which found sternal wound infections (3.5% vs. 1.9%; P=0.005) and sternal reconstruction need to be more elevated with BITA[16].

  A first set of studies on ONCAB and OPCAB reported the early outcomes of BITA graft use and illustrated satisfactory outcomes related to DSWI and operative mortality[17]. The researchers had reported data of 560 hospital compromising 14,249 operations with BITA harvesting (32.6% of them were isolated CABG[17]. The results of these large-scale studies and metanalysis frequently excluded OPCAB patients outcomes with regards to DSWI. However, similar results were found in a study on OPCAB patients, with BITA not associated with DSWI even in diabetic patients[18]. On the other hand, Nakano et al.[19], in their analysis of 1,500 OPCAB patients found, similarly to our study, risk factors in OPCAB comparable to those of ONCAB, with BITA associated to DSWI.
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  Additionally, re-exploration has been postulated to increase mediastinal exposure to airborne, environmental pathogens, thus increasing a patient’s susceptibility to the development of sternal infection[20]. Moreover, the use of blood products may lead to host immunosuppression and increase the risk of sternal infection[19]. In agreement with the published literature on CABG, our data has found that tracheostomy, blood transfusion, acute renal failure, delirium, stroke after operation and reoperation for postoperative complications can lead to an increased incidence of sternal infection (Table 4).

  The increased burden of DSWI and its impact on outcomes in OPCAB have been also shown in our study. Our results found that the DSWI group suffered from significantly higher sepsis, longer hospital stay and mortality when compared to the non-DSWI group (Table 3). Complications associated to DSWI have long been known in cardiac surgery as associated with morbidity, mortality and higher costs[21].

  LIMITATIONS

  This study is a retrospective, nonrandomized analysis from a single medical center. Clinical decisions were made in a non-blinded fashion.

   

  CONCLUSIONS

  The incidence of DSWI after OPCAB is 0.75%. BMI >40 kg/m2, lower extremity artery disease, use of BITA grafts, stroke after operation, sepsis, reoperation for postoperative complications, and high blood products requirement significantly increase the risk of sternal infection after OPCAB.

   

   

  REFERENCES

  1. Strecker T, Rösch J, Horch RE, Weyand M, Kneser U. Sternal wound infections following cardiac surgery: risk factor analysis and interdisciplinary treatment. Heart Surg Forum. 2007;10(5):E366-71. doi:10.1532/HSF98.20071079.

  2. Kubota H, Miyata H, Motomura N, Ono M, Takamoto S, Harii K, et al. Deep sternal wound infection after cardiac surgery. J Cardiothorac Surg. 2013;8:132. doi:10.1186/1749-8090-8-132.

  3. Benedetto U, Amrani M, Gaer J, Bahrami T, de Robertis F, Simon AR, et al. The influence of bilateral internal mammary arteries on short- and long-term outcomes: a propensity score matching in accordance with current recommendations. J Thorac Cardiovasc Surg. 2014;148(6):2699-705. doi:10.1016/j.jtcvs.2014.08.021.

  4. Deo SV, Altarabsheh SE, Shah IK, Cho YH, McGraw M, Sarayyepoglu B, et al. Are two really always better than one? Results, concerns and controversies in the use of bilateral internal thoracic arteries for coronary artery bypass grafting in the elderly: a systematic review and meta-analysis. Int J Surg. 2015;16(Pt B):163-70. doi:10.1016/j.ijsu.2015.01.008.

  5. Dai C, Lu Z, Zhu H, Xue S, Lian F. Bilateral internal mammary artery grafting and risk of sternal wound infection: evidence from observational studies. Ann Thorac Surg. 2013;95(6):1938-45. doi:10.1016/j.athoracsur.2012.12.038.

  6. Vrancic JM, Piccinini F, Camporrotondo M, Espinoza JC, Camou JI, Nacinovich F, et al. Bilateral internal thoracic artery grafting increases mediastinitis: myth or fact? Ann Thorac Surg. 2017;103(3):834-9. doi:10.1016/j.athoracsur.2016.06.080.

  7. Gatti G, Soso P, Dell'Angela L, Maschietto L, Dreas L, Benussi B, et al. Routine use of bilateral internal thoracic artery grafts for left-sided myocardial revascularization in insulin-dependent diabetic patients: early and long-term outcomes. Eur J Cardiothorac Surg. 2015;48(1):115-20. doi:10.1093/ejcts/ezu360.

  8. Cotogni P, Barbero C, Rinaldi M. Deep sternal wound infection after cardiac surgery: evidences and controversies. World J Crit Care Med. 2015;4(4):265-73. doi:10.5492/wjccm.v4.i4.265.

  9. Bitkover CY, Gårdlund B. Mediastinitis after cardiovascular operations: a case-control study of risk factors. Ann Thorac Surg. 1998;65(1):36-40. doi:10.1016/s0003-4975(97)01003-5.

  10. Borger MA, Rao V, Weisel RD, Ivanov J, Cohen G, Scully HE, et al. Deep sternal wound infection: risk factors and outcomes. Ann Thorac Surg. 1998;65(4):1050-6. doi:10.1016/s0003-4975(98)00063-0.

  11. Gaudino M, Angelini GD, Antoniades C, Bakaeen F, Benedetto U, Calafiore AM, et al. Off-pump coronary artery bypass grafting: 30 years of debate. J Am Heart Assoc. 2018;7(16):e009934. doi:10.1161/JAHA.118.009934.

  12. Ridderstolpe L, Gill H, Granfeldt H, Ahlfeldt H, Rutberg H. Superficial and deep sternal wound complications: incidence, risk factors and mortality. Eur J Cardiothorac Surg. 2001;20(6):1168-75. doi:10.1016/s1010-7940(01)00991-5.

  13. Seyfer AE, Shriver CD, Miller TR, Graeber GM. Sternal blood flow after median sternotomy and mobilization of the internal mammary arteries. Surgery. 1988;104(5):899-904.

  14. Sá MP, Ferraz PE, Escobar RR, Vasconcelos FP, Ferraz AA, Braile DM, et al. Skeletonized versus pedicled internal thoracic artery and risk of sternal wound infection after coronary bypass surgery: meta-analysis and meta-regression of 4817 patients. Interact Cardiovasc Thorac Surg. 2013;16(6):849-57. doi:10.1093/icvts/ivt012.

  15. Kouchoukos NT, Wareing TH, Murphy SF, Pelate C, Marshall WG Jr. Risks of bilateral internal mammary artery bypass grafting. Ann Thorac Surg. 1990;49(2):210-7; discussion 217-

  16. Taggart DP, Altman DG, Gray AM, Lees B, Gerry S, Benedetto U, et al. Randomized trial of bilateral versus single internal-thoracic-artery grafts. N Engl J Med. 2016;375(26):2540-9. doi:10.1056/NEJMoa1610021.

  17. Ohira S, Miyata H, Yamazaki S, Numata S, Motomura N, Takamoto S, et al. Deep sternal wound infection after bilateral internal thoracic artery grafting: insights from a Japanese national database. J Thorac Cardiovasc Surg. 2019;157(1):166-73.e1. doi:10.1016/j.jtcvs.2018.06.101.

  18. Kirmani BH, Holmes MV, Muir AD. Long-term survival and freedom from reintervention after off-pump coronary artery bypass grafting: a propensity-matched study. Circulation. 2016;134(17):1209-20. doi:10.1161/CIRCULATIONAHA.116.021933.

  19. Nakano J, Okabayashi H, Hanyu M, Soga Y, Nomoto T, Arai Y, et al. Risk factors for wound infection after off-pump coronary artery bypass grafting: should bilateral internal thoracic arteries be harvested in patients with diabetes? J Thorac Cardiovasc Surg. 2008;135(3):540-5. doi:10.1016/j.jtcvs.2007.11.008.

  20. Ståhle E, Tammelin A, Bergström R, Hambreus A, Nyström SO, Hansson HE. Sternal wound complications--incidence, microbiology and risk factors. Eur J Cardiothorac Surg. 1997;11(6):1146-53. doi:10.1016/s1010-7940(97)01210-4.

  21. Vymazal T, Horácek M, Durpekt R, Hladíková M, Cvachovec K. Is allogeneic blood transfusion a risk factor for sternal dehiscence following cardiac surgery? A prospective observational study. Int Heart J. 2009;50(5):601-7. doi:10.1536/ihj.50.601.

   

   

  Correspondence Address:

    Arian Arjomandi Rad

https://orcid.org/0000-0002-4931-4049

Imperial College London Faculty of Medicine, Sir Alexander Fleming Building,

South Kensington Campus, SW7 2AZ, London, United Kingdom

Zip code: SW7 2AZ

E-mail: arian.arjomandi-rad16@imperial.ac.uk

  Submitted on: 07/16/2020

  Approved on: 10/22/2020

  
    [image: abb]







  DOI: 10.21470/1678-9741-2020-0622

  ORIGINAL ARTICLE

  
    Albuquerque AAS, Celotto AC, Becari C, Prandi M, Barbosa JM, Moreira Neto F, et al. Braz J Cardiovasc Surg 2022;37(01):20-28

  

  
    Indigo Carmine Hemodynamic Studies to Treat Vasoplegia Induced by Compound 48/80 in a Swine Model of Anaphylaxis

  

   

   

  Agnes Afrodite S AlbuquerqueI; Andrea Carla CelottoI,II; Christiane BecariI; Marelaine PrandiI; Jessyca M BarbosaI; Francisco Moreira NetoI; Maria Cecília JordaniI; Paulo Roberto B EvoraI

  IDepartment of Surgery and Anatomy, Faculdade de Medicina de Ribeirão Preto, Universidade de São Paulo, Ribeirão Preto, São Paulo, Brazil.

  IIFaculdade de Ciências da Saúde de Barretos Dr. Paulo Prata, Barretos, São Paulo, Brazil.

   

  
    ABSTRACT

    INTRODUCTION:

    There are many reasons to believe that the nitric oxide/guanosine 3’5’ - cyclic monophosphate (or NO/cGMP) pathway on vasoplegic states is underestimated. To study indigo carmine (IC) as an alternative to methylene blue was the investigation rationale.

    METHODS:

    The IC (3mg/kg intravenous infusion) study protocol included five experimental groups; 1) Control group — saline was injected at 0 and 10 minutes; 2) IC group — IC was injected at 0 and saline at 10 minutes; 3) compound 48/80 (C48/80) group — C48/80 was injected at 0 minute and saline at 10 minutes; 4) C48/80 + IC group — C48/80 was injected at 0 minute and IC at 10 minutes; and 5) IC + C48/80 group — IC was injected at 0 minute and C48/80 at 10 minutes. The studies were carried out by registering and measuring hemodynamic and blood gasometric parameters, including continuous cardiac output.

    RESULTS:

    1) The effects of the drugs (IC and C48/80) were more evident in the first 20 minutes of recording; 2) hypotensive responses were more pronounced in the C48/80 groups; 3) IC isolated or applied before C48/80 caused transient pulmonary hypertension; and 4) after the first 20 minutes, the pressure responses showed stability with apparent hypotension more pronounced in the C48/80 groups. Clinical observations showed significant hemodynamic instability and catastrophic anaphylactic reactions (agitation, pulmonary hypertension, severe bronchospasm, urticaria, high-intensity cyanosis, violent gastric hypersecretion, and ascites).

    CONCLUSION:

    A global results analysis showed differences between groups only in the first 20 minutes of the experiments.

    Keywords: Indigo Carmine; Anaphylaxis; Anaphylactic Shock; Vasoplegia; Nitric Oxide; Methylene Blue.

  

   

   

  INTRODUCTION

  Recently, we have noticed in the medical literature the case report of a patient undergoing methylene blue (MB) infusion to check for ureteral perviousness. MB infusion caused a transient and moderate increase in systemic vascular resistance (SVR) and mean arterial pressure (MAP). In a different way, a more significant and longer-lasting improvement in these parameters with indigo carmine (IC) infusion was observed[1]. We also read the first reported case of IC use to treat vasoplegic syndrome in cardiac surgery — in a 78-year-old patient under cardiopulmonary bypass for myocardial revascularization. IC was successfully used after fluid overload, norepinephrine, vasopressin, and MB failed to control arterial hypotension[2]. These two observations suggest that IC may be an alternative agent for reversing vasodilation in conditions such as anaphylaxis and septic shock. However, IC investigations as a therapeutic option or experimental tool are scarce or inexistent.

  In addition, IC should be a great tool to study in vitro vascular reactivity. Briefly, 1) IC inhibits endothelium-dependent vasorelaxation induced by acetylcholine (ACh), histamine, and calcium ionophore A23187 and endothelium-independent vasorelaxation caused by sodium nitroprusside (SNP) in rat aortic rings; 2) inhibition is selective for agents that produce vasorelaxation in association with guanosine 3’5’ - cyclic monophosphate (cGMP) release; 3) cyclooxygenase activity does not appear to contribute; and 4) the site of inhibitory effect on endothelial NO production is probably distal to membrane receptors and involves cytosolic calcium availability[3].

  These IC effects may be useful as an attractive experimental tool and perhaps help save lives. Therefore, this study aimed to test the systemic and pulmonary hemodynamic properties of IC experimentally.

   

  METHODS

  The animal procedures and experimental protocols of this study were approved by the Ethics Committee on Animal Experimentation (CETEA) of the Faculdade de Medicina de Ribeirão Preto (or FMRP) (23/2015).

  Animals

  Male Dalland pigs (22-26 kg) were induced to anesthesia with an intramuscular injection of xylazine (10 mg/kg) associated with ketamine (50 mg/kg) in the quadriceps muscle of either the hind paws. The anesthesia was maintained by intravenous (right dorsal vein) reapplications of 1/3 of the initial dose every 30 minutes. Volemia maintenance was achieved with intravenous infusion of sodium chloride 0.9% (5 ml/kg/h).

  Experimental Design

  The study protocol included five experimental groups. IC dosage was 3 mg/kg (intravenous infusion).

    1. Control (C) group — saline (S) was injected at 0 and 10 minutes.

    2. IC group — IC was injected at 0 and S at 10 minutes.

    3. Compound 48/80 (C48/80) group — C48/80 was injected at 0-minute S at 10 minutes.

    4. C48/80 + IC group — C48/80 was injected at 0 minute and IC at 10 minutes.

    5. IC + C48/80 group — IC was injected at 0 minute and C48/80 at 10 minutes.

  Hemodynamic Parameters

  A Swan-Ganz CCOmbo CCO/SvO2 744HF75 (Edwards Lifesciences, California, United States of America [USA]) catheter was placed in the right jugular vein and into the lumen of the main pulmonary artery. The left carotid artery was simultaneously catheterized. MAP, pulmonary arterial pressure (PAP), pulmonary capillary pressure (PCP), and central venous pressure (CVP) were recorded by the MP System 100 A (BioPac System, Inc., California, USA). Cardiac output (CO), SVR, and pulmonary vascular resistance (PVR) were obtained by the Vigilance System (Edwards Lifesciences LLC, California, USA). After instrumentation, a period of 20 minutes was allowed for anesthesia stabilization when hemodynamic parameters and clinical conditions were continuously recorded.

  Nitrite/nitrate (NOx)

  Plasma NOx dosage was carried out using chemiluminescence concentrations (Analyzer 280i NOA [Sievers, Boulder, Colorado, USA]).

  Gasometric, Lactate, and Electrolytic Analysis

  Arterial blood samples were collected from each animal’s carotid artery. Biochemical measurements of pH, partial pressure of carbon dioxide (or pCO2), partial pressure of oxygen (pO2) and plasma concentration of bicarbonate ion (or HCO3-) were performed by a previously calibrated Gem Premier 3000 (Instrumentation Laboratory Co., Bedford, Massachusetts, USA) using iQM 150 GEM Premier (iQM Instrumentation Laboratory Co., Bedford, Massachusetts, USA). The values of hemoglobin (Hb), hematocrit (Ht), oxygen saturation (SO2), lactate, and electrolytes were measured using the same arterial blood sample.

  Statistical Analysis

  Results were expressed as means ± standard error of mean and analyzed by two-way analysis of variance (ANOVA), and, when necessary, Dunnett post-test, using Prism 8.0 (GraphPad Software Incorporated, 1999). Values were considered to be statistically significant when P-value < 0.05.

   

  RESULTS

  Mean Arterial Pressure (MAP)

  MAPs remained stable in groups C and IC (around 100 mmHg). Early arterial hypotension occurred in two groups (C48/80, C48/80 + IC); and in group IC + C48/80, the MAP drop started after the first 10 minutes, when the second injection was performed. Arterial hypotension was more pronounced in groups receiving C48/80 in association with IC (Figure 1A).

  Mean Pulmonary Arterial Pressure (MPAP)

  MPAP remained stable only in group C (around 35 mmHg). And after initial pulmonary hypertension, group IC showed similar evolution to group C. In group C48/80 + IC, there was an immediate and marked fall in MPAP, starting spontaneous recovery after 30 minutes. whereas after initial hypotension, group C48/80 showed similar behavior to group IC and group IC + C48/80 maintained pulmonary hypertension for the first 15 minutes when spontaneous fall began (Figure 1B).
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  Mean Pulmonary Capillary Arterial Pressure (PCP)

  PCP remained stable in group IC, and group C showed significantly higher values. The groups that received C48/80 or C48/80 + IC had decreased pressure since the beginning of registration; and the IC + C48/80 group after the 20th minute, it remained stable (Figure 1C).

  Central Venous Pressure (MCVP)

  MCVP in the first 10 minutes remained relatively stable in groups C, IC, and IC + C48/80. C48/80 and IC + C48/80 groups showed an immediate decrease in CVP and the IC + C48/80 group maintained the CVP for five minutes when it started to fall (Figure 1D).

  Cardiac Output (CO)

  Both CO and cardiac output index (COI) showed similar results. In groups C and IC, it was stable until the end. After the injection of C48/80, in the C48/80 and C48/80 + IC groups, CO and COI decreased until the 10th minute and then stabilized. And IC injection before C48/80 in IC + C48/80 group did not improve either CO or COI (Figures 2A and 2B).
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  Resistances

  Almost all groups (C, IC, C48/80, IC + C48/80) showed a slight increase or stability in SVR and SVRI in the first 10 minutes while C48/80 + IC group showed a decrease in the same time; after 15 minutes the IC, C48/80, IC + C48/80, and C48/80 + IC groups remained stable while the C group increased and remained stable (Figures 3A and 3B). In C and IC groups, the PVR and PVRI were stable until the end, whereas in C48/80 and C48/80 + IC groups, there was an increase after 10 minutes, showing a decrease soon after and another increase after 30 minutes, tending to pulmonary hypertension, as opposed to the IC + C48/80 group revealing the fall (Figures 3C and 3D).
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  Acid-Base Balance

  Groups receiving C48/80, C48/80 + IC, and IC + C48/80 showed a tendency to acidosis (Figures 4A and 4D), hypoxia (Figure 4B), and hypoventilation with respiratory acidosis (Figure 4C).
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  Hemoglobin, Hematocrit, SO2, and Lactate

  Groups receiving C48/80, C48/80 + IC, and IC + C48/80 had higher Hb and Ht values (Figures 5A and 5B). Since there was no significant blood loss, it is suggested that in these groups hemoconcentration occurred due to increased capillary permeability. In these groups, there was also a tendency to decrease SO2, compatible with a decrease in CO (Figure 5C), with an increase in lactate values (Figure 5D).
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  Urea, creatinine, and nitrate

  The dosages of urea and nitrate did not present results with statistically significant differences. On the other hand, the creatinine dosage in the IC+C48/80 group showed a significant increase after 20 minutes (Figure 6A, 6B, and 6C).
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  Electrolytes

  Electrolytes’ dosages did not present particular tendencies regardless of protocol. There are statistically significant differences only at 20 minutes of potassium dosage in the IC + C48 / 80 group. Data are shown in Figure 7A, 7B, and 7C.
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  DISCUSSION

  In 1997, we reported an unprecedented experience with MB to treat anaphylactic shock from iodine contrast, after high doses of adrenaline and hydrocortisone failed[4]. After this observation we presented six cases of patients who were reversed, "in extremis"[5], with clinical experience showing favorable data for MB use in anaphylaxis reversal.

  Based on these anecdotal observations, we initiated experimental protocols to vary animal species and maintain C48/80 as an anaphylactic inducer. Our data showed that C48/80 was effective in inducing anaphylactic shock in pigs since both MAP and CO decreased after C48/80 administration. Curiously, in the first two minutes after the C48/80 injection, the animals presented a hypertensive crisis (without statistical significance) and a possible explanation for this is the direct stimulation of the hypothalamus-hypophysis axis. The CO reduction could be related to the negative inotropic effect of the C48/80[8,9] and could explain the CVP trend to increase. As a line of research, we keep using this experimental model, including the present investigation, even knowing that most of the animals exposed to C48/80 presented cutaneous hyperemia, vomits, sphincters liberation, livedo reticularis, cyanosis, ascites, and intestinal ischemia and distention.

  Previous research in our laboratory showed that MB reduced hypotension and increased survival time in a C48/80-induced anaphylactic shock model in rabbits[6]. Otherwise, intravenous infusion of MB alone in pigs caused no changes in the registered hemodynamic parameters but did not prevent or reverse the C48/80-induced anaphylactic shock in this model. Furthermore, as abovementioned, we verified that intravenous infusion of IC alone caused no changes in hemodynamic and clinical parameters showing that the administered MB dose (2-3 mg/kg) was safe in this experimental model. Our results corroborate other clinical data mentioning MB therapeutic safety in reversing catecholamine-resistant hypotension in systemic inflammatory response syndrome and anaphylaxis F[4-7,9-14].

  Based on this possibility, the present hemodynamic recording of systemic and pulmonary pressures was performed. However, the expected and severe pulmonary hypertension caused by IC injection renders its use in clinical practice unproven. IC injection causes immediate transient pulmonary hypertension. The primary IC data from the current survey, in a global analysis of all the studied data, showed only small differences between groups, without advantages when compared with our cumulated MB experience.

  As time goes by, even American and European guidelines suggesting MB as a second choice for anaphylaxis treatment have been considered. Our long experience of saving lives with MB has led us to believe that the NO/cGMP pathway’s capitol role on vasoplegic states is underestimated. This feeling is enforced because MB, a drug over 100 years old, is the only drug option to be used clinically in humans. Therefore, to study IC as an alternative to MB was the rationale for the present investigation. However, the results were frustrating, as more IC efficiency was expected, due to its referred alpha-adrenergic stimulation. The main data from the current survey are quite similar with Menardi et al.[15].

    1. The effects of the drugs (IC and C48/80) were more evident in the first 20 minutes of recording the pressures.

    2. Hypotensive responses were more pronounced in the groups that received C48/80.

    3. IC isolated or applied before C48/80 caused transient pulmonary hypertension. This is a curious fact since the drugs applied separately showed only hypotension.

    4. After the first 20 minutes, the pressure responses showed stability with apparent hypotension more pronounced in the groups that received C48/80.

  IC did not produce severe disturbances in the basic acid balance, except for hypoventilation, which was promptly reversed by adjustment of breathing pain. In addition to its actions on NO/cGMP, IC is also an alpha agonist, which gives it an attractive property to treat vasoplegia induced by systemic inflammatory reactions. However, this vasoconstrictive property was not demonstrated. Therefore, based on the present pig model, IC cannot be considered as a routine option to treat vasoplegia associated with anaphylaxis. Perhaps when other treatment (epinephrine, corticoids, MB) fails, IC would be used as "rescue therapy".

  During the experiment, clinical observations showed significant hemodynamic instability and catastrophic anaphylactic reactions (agitation, pulmonary hypertension, severe bronchospasm preventing animal ventilation, urticaria and high-intensity cyanosis, violent gastric hypersecretion, and a pig with massive ascites).

   

  CONCLUSION

  As a conclusion, it is inferred that IC use is not safe, at least in pigs. Dye has been used primarily in the exploration of ureteral fistula in humans; it is possible to speculate that catastrophic observations may be related to the chosen experimental animal (pig). It is noteworthy that the changes in the parameters studied occurred in the groups that received C48/80, IC + C48/80, and C48/80 + IC.

  Finally, we agree with Francuzik et al.[14], which suggested the use of second-line medication, such as MB and vasopressin, in cases where two doses of adrenaline did not result in rapid normalization of anaphylaxis symptoms. Similarly, we suggest, in addition to many studies, that IC would be a rescue treatment for catastrophic anaphylactic reactions irresponsive to adrenaline and MB. Pharmacologically, IC would be more efficient than MB because it has an alfa-adrenergic effect. We have a word of caution, since the C48/80 associated with IC reactions in pigs was intense and dangerous. However, lifesaving use of IC has been reported[12]. The favorable data for IC use are no observations of clinical and experimental reactions to its infusions without association with C48/80.
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    ABSTRACT

    INTRODUCTION:

    In this study, we aimed to retrospectively evaluate the results of type A intramural hematoma (TA-IMH) cases that underwent ascending aortic surgery.

    METHODS:

    One hundred ninety-four patients who underwent aortic surgery between 2010 and 2018 were included in this study. TA-IMH was differentiated according to tomography angiographic images. Demographic data, operation type, hypothermic circulatory arrest times, echocardiographic findings, wall thickness of IMH, complications, and prognosis were retrospectively analyzed.

    RESULTS:

    TA-IMH (n=14) or type A aortic dissection (AD) (n=35) data were collected from patients’ files and 49 cases were enrolled into the study. Bentall operation was performed in eight patients (type A AD = six [17.1%], TA-IMH = two [14.3%]); 41 patients underwent tubular graft interposition of ascending aorta (AD = 29 [82.9%], TA-IMH = 12 [85.7%]). There was no significant difference in terms of age, gender distribution, aortic dimensions, cardiopulmonary bypass times, hypothermic circulatory arrest times, hospital ward stay, and intensive care unit stay between the two groups. The mortality rate of AD group was 34.4% and of TA-IMH group was 14.3%. There was no significant difference in terms of mortality between the groups. In our study, 45.7% of patients had hypertension and that rate was lower than the one found in the literature. In addition, bicuspid aorta was not observed in both groups. Connective tissue disease was not detected in any group.

    CONCLUSION:

    Surgical treatment of aorta is beneficial for TA-IMH. Our aortic surgical indications comply with the European aortic surgical guidelines. Hypertension control should be provided aggressively.

    Keywords: Cardiopulmonary Bypass; Bicuspid; Aneurysm, Dissecting; Aorta; Hematoma; Prognosis; Hypertension; Intensive Care Units.

  

   

   

  INTRODUCTION

  Aortic intramural hematoma (IMH) was described for the first time by Krukenberg without intimal rupture or penetrating ulcer rupture of adventitial vasa vasorum and with bleeding in the subadventional area[1]. Acute aortic dissection (AD), IMH, and penetrating atherosclerotic ulcer (PAU) lesions in the Stanford type A distribution are pathophysiologies that can present high mortality and morbidity, which often require urgent open surgical repair. Clinically, differential diagnosis of IMH and AD is difficult. However, with current advanced diagnostic imaging systems, IMH can be distinguished from AD. Type A intramural hematoma (TA-IMH) is a potentially lethal condition under the heading of acute aortic syndromes[1-4]. Although there is hemorrhage to the aortic media layer in both IMH and AD, there is no intimal flap rupture and false lumen formation in the IMH. And even though it is not fully elucidated, the pathogenesis of TA-IMH is thought to be due to vasa vasorum rupture secondary to the presence of penetrating atherosclerotic ulcers. Type A AD and TA-IMH are similar in terms of risk factors and clinical complications, such as aortic aneurism, hemothorax, cardiac tamponade, or malperfusion. However, in the Stanford type B lesions, it may be treated medically in the absence of symptoms. In addition, a low threshold for endovascular or urgent surgical treatment should be maintained.

  Due to our lack of knowledge about the natural history of the disease, there is no general consensus on TA-IMH management[3-7]. Therefore, the popular management approach in the Western countries is the immediate surgical repair of the aorta, while medical management in the Far East countries is primarily aimed, and surgical management is provided under special conditions[3,4,8,9]. The optimal treatment approach has not been established.

  Our clinical experience is to evaluate TA-IMH and AD and to perform emergency surgical repair. In this study, we aimed to investigate the early results of TA-IMH patients who underwent surgical repair in our clinic.

   

  METHODS

  Patients’ perioperative demographic data were recorded after obtaining permission of the ethics committee for non-interventional research of Dokuz Eylül University (decision date and number: 2018/2906). Data of 194 cases, who underwent aortic surgery between January 2010 and December 2018, were collected and analyzed retrospectively. Forty-nine cases with TA-IMH and/or AD diagnoses were enrolled into the study.

  Inclusion-Exclusion Criteria

  Patients who underwent aortic surgery were included in the study. TA-IMH was defined by the absence of an intimal tear in computed tomography (CT) angiography. Patients who had elective aortic valve repair and replacement were excluded. Unstable patients whose neurological examination could not be performed because of cardiac arrest were excluded from the study. Radiologists diagnosed the development of cerebral malperfusion. Reoperation for the aorta and Marfan syndrome patients were excluded. Patients whose radiological imaging could not be found in the hospital database or whose data were missing were not included in the study.

  Patient Population

  The diagnosis was made with contrast CT angiography. The indication of surgery for TA-IMH included the presence of symptoms, rapid dilatation of the aorta (> 10 mm/year), an ascending aorta > 55 mm, and/or thickness of a hematoma in the false lumen > 5 mm. The patients were divided into two groups as typical type A AD (AD group) (n=35) and TA-IMH (n=14). Age, gender, ascending aorta diameter, IMH size, operation type, hypothermic circulatory arrest time, cardiopulmonary bypass time, intensive care unit (ICU) length of stay, hospital ward stay, presence of bicuspid aorta, hypertension, diabetes, and mortality data were collected retrospectively. Table 1 shows demographic data and study parameters.
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  Aortic IMH was defined as the presence of a circular thickening in the aortic wall (≥ 5 mm) and a clinical coexistence consistent with acute aortic syndrome (Figures 1 and 2). CT angiographic images were examined by two radiologists. Ascending aorta, the largest diameters, and IMH dimensions were examined.
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  The same team performed all surgical procedures. Heat monitoring was done with nasopharyngeal and rectal probes. Patients managed surgically were operated via a median sternotomy, using cardiopulmonary bypass, and profound 28 °C hypothermic circulatory arrest. Autotransfusion system was not used at that moment. Patients were put in Trendelenburg position and deep hypothermic total circulatory arrest was initiated. Total circulatory arrest, deep hypothermic aortic intermittent clamping, and topical cooling myocardial protection were used in all cases. In addition, slow cooling and rewarming, avoidance of hypo/hyperglycemia, and hemodilution were used for cerebral preservation of total circulatory arrest application. Also, we performed optimal surgical management to avoid total circulatory arrest period > 45 minutes for cerebral protection. In order to prevent air embolism from entering the carotid arteries, the brachiocephalic truncus and left carotid artery were clamped during arrest. The patients were cooled down to 20 °C for total circulatory arrest. To prevent the development of no-reflow phenomenon in the brain and provide an adequate peripheral circulation, blood hematocrit was targeted as 20% at 20 °C. Blood pressure was monitored via online radial arteries. Selective anterograde cerebral perfusion was applied. We use antegrade cerebral perfusion selectively in aortic pathologies that are thought to prolong the circulatory arrest period. A 10-mm Dacron vascular graft was anastomosed to brachiocephalic or axillary artery for cardiopulmonary bypass and antegrade cerebral perfusion. Antegrade perfusion of the brain was then initiated while the circulatory arrest continues through this Dacron graft with blood from the artery line of the pump. Perfusion pressure was monitored with the radial artery cannula inserted into both arms and kept at an average of 50 mmHg. Selective antegrade cerebral perfusion pressure was applied as 10 ml/kg/minute. Brain protection was provided by anesthesia with the addition of steroids. Arterial cannulation was established via femoral artery, axillary artery, or ascending aorta. For typical AD, obliteration of the false lumen was performed with resection of the tear if feasible. For IMH, evacuation of all hematoma from the false lumen with subsequent obliteration was performed. Distal anastomosis without clamping on the aorta was only possible with total circulatory arrest. Distal anastomoses of the aorta were repaired with double Teflon felt. Proximal anastomosis of aorta was performed while rewarming up to 30°C.

  Statistical Analysis

  Data were presented as mean and standard deviation (SD) or as numbers and percentages. Parametric and non-parametric tests were applied to the data according to their distribution characteristics. Chi-square test was used to compare the presence of bicuspid aorta, diabetes, hypertension, and mortality. All calculations and statistical analyzes were performed using IBM Corp. Released 2011, IBM SPSS Statistics for Windows, Version 20.0, Armonk, NY: IBM Corp. and Microsoft Excel (2011). P value < 0.05 was considered as significant.

   

  RESULTS

  The mean age in the AD group was 57.83±10.89 years and in the TA-IMH group it was 58.64±15.44 years (SD = 12 years, range = 32-82 years); 69.4% (n=34) of the patients were male. Female and male ratios were 28.6 and 71.4%, respectively, and these were 35.7% and 64.3% in the TA-IMH group. There was no significant difference in terms of gender distribution between the groups.

  When the evaluation was made in terms of comorbidities, it was observed that malignancy was present in only one patient (2.8%) in the AD group and no malignancy was observed in the TA-IMH group. Bicuspid aorta was not observed in any patient in both the AD and TA-IMH groups. Although hypertension was observed in 16 (45.7%) patients in the AD group and in five patients (35.7%) in the TA-IMH group, there was no significant difference between the groups (P=0.523).

  In the preoperative CT angiograms, the mean diameter of ascending aorta from the widest section was measured as 53.64±7.96 mm in the type A AD group and 54.64±9.78 mm in the TA-IMH group, and no statistically significant difference was observed (P=0.382). The average IMH dimensions were 18.43±8.23 mm in the measurements made from the widest section.

  Bentall operation (reconstruction of the aortic root) was performed in eight patients due to aortic root involvement (type A AD = six patients [17.1%], TA-IMH = two patients [14.3%]); 41 patients underwent tubular graft interposition from the ascending aorta (AD group = 29 patients [82.9%], TA-IMH = 12 patients [85.7%]). The mean cardiopulmonary bypass time was 212.43±111.21 minutes in the type A AD group and 165.57±50.87 minutes in the TA-IMH group; there was no significant difference between the groups (P=0.138). The mean hypothermic circulatory arrest time was 125.60±55.42 minutes in the AD group and 101.64±37.17 minutes in the TA-IMH group; there was no significant difference between them (P=0.215). Six patients (17.1%) in the AD group and two patients (14.3%) in the TA-IMH group were Penn class Aa (circulatory collapse); 29 patients (82.9%) in the AD group and 12 patients (85.7%) in the TA-IMH group were Penn class Ab (malperfusion with ischaemia).

  Mean ICU length of stay was 6.69±10.6 days in the AD group and 6.29±6.4 days in the TA-IMH group, and no statistically significant difference was observed between the groups (P=0.480). However, the average length of hospital ward stay was 12.97±13.59 days in the AD group and 12.93±8.93 days in the TA-IMH group, and no statistically significant difference was observed between them (P=0.488). In-hospital mortality was observed in 12 patients (34.3%) in the AD group and two patients (14.3%) in the TA-IMH group. There was no statistically significant difference between the groups in terms of early postoperative mortality rates (P=0.294).

  The need for reoperation as a result of tamponade and hemorrhage was found in six patients, transient neurological complication in one patient, renal failure in five patients, need for hemodialysis in two patients, and nosocomial pneumonia in two patients. Sepsis and mediastinitis were not observed. Extracorporeal membrane oxygenation was used in three patients and intra-aortic balloon pump in four patients as a result of left heart failure. As a neurological complication, transient ischemic attack was observed in only one patient (2.8%) with type A AD. Agitation and disorientation due to post-perfusion syndrome in three (8.4%) patients improved without sequelae in a short time. In addition, no other neurological results were seen.

  Twenty-eight patients (48%) were Penn class Aa (absence of branch vessel malperfusion or circulatory collapse), 11 cases (19%) were Penn class Ab (branch vessel malperfusion with ischaemia), five cases (9%) were Penn class Ac (circulatory collapse with or without cardiac involvement), and 14 cases (24%) were Penn class Abc (both branch vessel malperfusion and circulatory collapse). The number of patients with localized or generalized ischaemia or both, Penn class non-Aa, was 30 (52%).

   

  DISCUSSION

  Acute AD and IMH are pathologies associated with high mortality and morbidity. IMH classification and treatment are similar worldwide. However, there are some different recommendations in the United States of America, Europe, and Asia guidelines and such a consensus cannot be achieved for TA-IMH. In this study, 49 patients underwent ascending aorta surgery (Bentall operation or tubular graft interposition of ascending aorta) and were evaluated retrospectively. In accordance with the literature, the mortality rate of surgical repair of IMH was found as 14.3%. In CT angiography, the mean diameter of ascending aorta from the widest section was measured and no statistically significant difference was observed between the groups (P=0.382). In addition, no significant difference was found between the two groups in terms of age, gender distribution, aortic dimensions, cardiopulmonary bypass times, hypothermic circulatory arrest times, and in-hospital and ICU length of stay.

  Approximately 10-20% patients with acute AD may not have a blood flow or intimal tear in the false lumen[1-4]. It is estimated that IMH is caused by bleeding of the vasa vasorum in the aortic media layer or by microscopic damage of the intima[1-6]. Aortic wall thickness is associated with the presence of acute aortic syndrome[7-11]. As a result of interventional procedures, iatrogenic IMH may develop at a rate of 0.04-0.8%[12-13]. IMH is gradually resorbed in long term or it may develop into AD. Preoperative malperfusion is important for the evaluation of patients with acute aortic type A AD and IMH type A. In this study, in-hospital mortality was not statistically significant different in Penn class Ab patients. We applied Penn classification, but we did not find a significant difference in mortality between the groups.

  In addition, the evidence is limited by the inadequacy of randomized trials. Management of IMH is still controversial. In some Asian studies, mortality rates up to 8% have been reported in the early surgical repair of IMH[5-11]. Also there are poor outcomes of medical management of IMH with mortality rates ranging from 33% to 80%[3-6,12]. However, the absorption of the IMH have reported more than 60% and five-year survival is between 80-85% in some series[5,7,10]. A meta-analysis study, involving 12 studies with nine of them originated from Asian cohorts for the evaluation of the surgical and medical management of IMH, reported that there is no difference in terms of mortality between surgical repair or medical follow-up[13]. The mortality rate with the surgical repair of IMH was found as 14.3%. The studies in the literature evaluating the differences of aortic dimensions between TA-IMH and type A AD reported that there was no difference between them[1,14,15]. This study results are also compatible with them.

  In a Japanese and Korean series[10-12], 124 patients were followed up with 7% hospital mortality and remodeling was observed as a result of medical follow-up. CT performed patient’s follow-up for catastrophic complication and aneurysm. Song et al.[7], in their series, reported that 24 (67%) of 36 proximal hematoma cases were resorbed. Nine (25%) of them had AD. Fifty-four (78%) of 69 patients with distal hematoma underwent resorption. Eleven patients (16%) progressed to AD. Three-year results are 78-87% in proximal and distal types[7].

  Ferrera et al.[16], in a patient series with 23 type A IMH patients (57.5%) and 17 type B IMH patients (42.5%), reported that mortality was decreased dramatically in the acute phase due to reabsorption. In addition, they showed that mortality is associated with the acute stage of the disease. It had been followed that type A IMH continues in nearly 35.7% of the patients. They emphasized that hypertension control should be effective. Schoenhoff et al.[17] reported that type A IMH open surgery was required in 89% of 63 IMH cases. Aorta-associated mortality rate was determined at 30 days, six months, and one year and reported as 1.6%, 6.3%, and 9.5%, respectively. Frequent follow-up should be performed. Conservative series of echocardiographic imaging is recommended[17]. Ganaha et al.[18] emphasized that it is important to do early surgical treatment of type A IMH. They found that the amount of hematoma increases the wall stress, and this negatively affects the wall mechanical stability. In addition, they concluded that there are useful results supported by previous experimental studies. Also, as a result of models, increased blood clot can lead to more stable IMH[18]. They modeled that a small permeable hematoma was formed in high wall stress.

  The prevalence of hypertension in patients with AD has been reported to be around 80% in the literature[14-18]. In this study, 45.7% of the patients operated for acute aortic diseases had hypertension. Hypertension control was achieved with beta-blocker agents in all patients. Intravenous nitrate treatment for hypertension control was used in ICU. Due to the presence of undiagnosed hypertension patients, the rate of hypertension was lower in our study than in the literature. In addition, bicuspid aorta was not observed in both type A AD and TA-IMH groups.

  Limitations

  These findings could not be systematically confirmed by a pathological study of the aorta due to the absence of pathological specimens.

   

  CONCLUSION

  Our study showed that TA-IMH is evaluated as acute AD. Classification and treatment should be evaluated by similar emergency surgical indication for acute AD. As stated in the literature, hypertension is often associated with the etiology of IMH. In order to prevent catastrophic complications of IMH, aggressive blood pressure control is greatly important.
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    ABSTRACT

    INTRODUCTION:

    Severe coronavirus disease 2019 (COVID-19) is characterised by hyperinflammatory state, systemic coagulopathies, and multiorgan involvement, especially acute respiratory distress syndrome (ARDS). We here describe our preliminary clinical experience with COVID-19 patients treated via an early initiation of extracorporeal blood purification combined with systemic heparinisation and respiratory support.

    METHODS:

    Fifteen patients were included; several biomarkers associated with COVID-19 severity were monitored. Personalised treatment was tailored according to the levels of interleukin (IL)-6, IL-8, tumour necrosis factor alpha, C-reactive protein (CRP), neutrophil-to-lymphocyte ratio, thrombocyte counts, D-dimers, and fibrinogen. Treatment consisted of respiratory support, extracorporeal blood purification using the AN69ST (oXiris®) hemofilter, and 300 U/kg heparin to maintain activation clotting time ≥ 180 seconds.

    RESULTS:

    Ten patients presented with severe to critical disease (dyspnoea, hypoxia, respiratory rate > 30/min, peripheral oxygen saturation < 90%, or > 50% lung involvement on X-ray imaging). The median intensive care unit length of stay was 9.3 days (interquartile range 5.3-10.1); two patients developed ARDS and died after 5 and 26 days. Clinical improvement was associated with normalisation (increase) of thrombocytes and white blood cells, stable levels of IL-6 (< 50 ng/mL), and a decrease of CRP and fibrinogen.

    CONCLUSION:

    Continuous monitoring of COVID-19 severity biomarkers and radiological imaging is crucial to assess disease progression, uncontrolled inflammation, and to avert irreversible multiorgan failure. The combination of systemic heparin anticoagulation regimens and extracorporeal blood purification using cytokine-adsorbing hemofilters may reduce hyperinflammation, prevent coagulopathy, and support clinical recovery.

    Keywords: COVID-19; Interleukin-6; Heparin; TNF protein, human; Tumor Necrosis Factor-alpha; Respiratory Distress Syndrome, Adult; C-Reactive Protein; Blood Platets; Respiratory Rate; Cytokines.

  

   

   

  INTRODUCTION

  The current coronavirus disease 2019 (COVID-19) pandemic is manifesting itself as an unprecedented threat to the global population. The outbreak of the severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) started in Wuhan, Hubei Province, People's Republic of China[1]. Since then, it has spread in a rapid, deadly pace throughout the world instigating the World Health Organization to classify COVID-19 as a global epidemic on February 28, 2020[2].

  Severe COVID-19 is characterised by (infectious) pneumonia; complications typically include acute respiratory distress syndrome (ARDS)[3]. COVID-19 has also been linked with acute cardiac injury[4,5], kidney malfunction[6], and secondary infections[7].

  COVID-19 progression is associated with dysregulated immunity, commonly referred to as cytokine storm[8], in particular, aberrant interleukin (IL)-6 levels[9-11] that promote numerous pathological downstream effects. Hyperinflammation is a well-established trigger of multiorgan failure, e.g., acute kidney injury (AKI). Moreover, recent reports point to a link between hyperinflammation and COVID-19-induced coagulopathy[12,13] as a result of increased production of clotting factors by the liver[14].

  Despite several lines of evidence pointing to a potential clinical benefit of controlling hyperinflammation triggered by COVID-19[8], management of COVID-19 remains mostly supportive built around continuous respiratory support[15-18].

  To this end, considering the underlying immunological character of COVID-19 and the high risk of SARS-CoV-2 hyperinflammation to trigger ARDS, hypercoagulability, and AKI, we have established a treatment protocol for COVID-19. We follow selected biochemical, immunological, and coagulation risk factors to tailor therapy; our approach centres around the 1) early initiation of blood purification using the oXiris® (AN69ST) filter[19,20], 2) systemic heparinisation, and 3) respiratory support, continuous positive airway pressure (CPAP), and physical therapy[21].

  With this initial report, we present a preliminary overview of biochemical, immunological, inflammatory, and coagulation biomarkers assessed, and offer insights into their correlations with clinical status. Finally, we report the early results in regards to treatment outcome.

   

  METHODS

  This single-centre case series included 15 consecutive patients with confirmed COVID-19 treated in June 2020. The study designed is presented in the STrengthening the Reporting of OBservational studies in Epidemiology, or STROBE, diagram (Figure 1).
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  Patients were classified according to their clinical presentation in four severity degrees:

    1. Mild cases

    The clinical symptoms are mild, with no apparent sign of pneumonia on imaging.

    2. Moderate cases

    Showing fever and respiratory symptoms with radiological findings of pneumonia.

    3. Severe cases

      A. Respiratory distress (30 breaths/min).

      B. Oxygen saturation (SpO2) < 90% at rest.

      C. Arterial partial pressure of oxygen (or PaO2)/fraction of inspired oxygen (or FiO2): 300 mmHg (1 mmHg = 0.133 kPa).

    Cases with chest imaging that show lesion > 50% progression within 24 hours shall be managed as severe cases.

    4. Critical cases

      A. Respiratory failure requiring mechanical ventilation.

      B. Shock.

      C. Organ failure that requires intensive care unit (ICU) care.

      Inclusion Criteria

        • Written or temporary verbal informed consent.

        • Adults > 18 years.

        • Confirmed COVID-19 pneumonia using reverse transcription-polymerase chain reaction (RT-PCR), X-ray, and/or computed tomography.

      Exclusion Criteria:

        • Pregnancy.

        • Heart failure; severe systolic dysfunction, left ventricular ejection fraction < 25% requiring urgent surgery.

        • Aortic aneurysms, dissection, or rupture requiring urgent surgery.

        • Recent myocardial infarction; cardiovascular disease patients requiring urgent surgery

  Ethics Approval and Consent to Participate

  The local ethical committee of the Zan Mitrev Clinic reviewed and approved the clinical practice, treatment procedures described, and the results reported in this manuscript and approved the submission (#EBPZ.357). Trial registration: ClinicalTrials.gov, NCT04478539. Registered 14th of July 2020 - Retrospectively registered, https://clinicaltrials.gov/ct2/show/NCT04478539

  Consent for Publication

  Written or temporary verbal informed consent was obtained from all patients for publication of this manuscript and any accompanying images; the use of all health and medical information for scientific research and manuscript preparation was approved. A copy of the written consent is available for review by the Editor-in-Chief of this journal.

  Availability of Data and Material

  All original data described in this case report can be submitted for evaluation upon reasonable request.

  Biochemistry Analysis

  Blood samples were collected from each patient at ≥ 1 x every 24 hours for routine blood analysis and to assess the treatment effects: white blood cell (WBC) count, lymphocyte count, neutrophil count, thrombocyte (PLT) count, monocyte count, and eosinophil count were determined as well as the neutrophil-to-lymphocyte (NEU/LYM) ratio (NLR) and the systemic immune-inflammation index PLT*(NEU/LYM). Moreover, blood biochemistry parameters such as Na+, K+, aspartate aminotransferase, alanine aminotransferase, bilirubin, urea, C-reactive protein (CRP), as well as procalcitonin and lactate dehydrogenase (LDH) were assessed using Siemens ADVIA Centaur XP Immunoassay System.

  Data on coagulation parameters were obtained from all patients; coagulation tests included D-dimers, fibrinogen (FIB), and international normalised ratio. Tests were performed using a Sysmex CA-600 automatic coagulation analyser.

  Luminex

  Analyses of human cytokines IL-6, IL-8/chemokine (C-X-C motif) ligand 8 (CXCL-8), and tumour necrosis factor alpha (TNF-α) in serum samples were performed using the Human Magnetic Luminex® assay (R&D Systems, United States of America), according to the manufacturer's instructions. The measurements were performed in triplicates using a Luminex® 100/200 System.

  Statistical Analysis

  Categorical parameters were summarised as absolute numbers and percentages. Continuous data are shown as mean ± standard deviation; alternatively, non-parametric data are presented as median + interquartile range (IQR). Continuous variables were evaluated using the D'Agostino-Pearson normality test. The data were analysed with the statistical program GraphPad Prism, version 7.03.

  Treatment

  The treatment protocol is shown in Figure 2 and follows practice safety recommendations, treatment strategies, and up-to-date sepsis management guidelines[22-25].
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  The multidisciplinary care and therapeutic approach consist of the early initiation of blood purification using the AN69ST (oXiris®) hemofilter, initiated within 4-12 hours of admission and high-dose heparinisation. We opt for an aggressive non-invasive respiratory therapy, including CPAP on-mask and physical therapy in an attempt to avoid mechanical ventilation. In the case of secondary infections, we administer targeted antibiotic therapy.

  Extracorporeal Organ Support (ECOS) and Blood Purification

  The Prismaflex® oXiris® system was mounted in the ICU and connected 4-12 hours after admission upon establishing control of the haemostasis, activation clotting time (ACT) of 180 secs. The patient is connected to the Prismaflex® oXiris® system via a double-lumen catheter placed in the femoral vein or vena subclavia.

  Flow rates were maintained as follows: effluent dose 35 mL/Kg/h, dialysate 14-16 mL/Kg/h, blood 150 mL/min, replacement fluid 16-18 mL/Kg/h; patient fluid removal is tailored to the individual's volume status ≈ 100-250 mL/h. Blood purification is initiated within 4-12 hours of admission, and the oXiris® ECOS modality was chosen according to the patient's kidney function: continuous venovenous hemofiltration, continuous venovenous hemodiafiltration, or slow continuous ultrafiltration.

  Heparinisation

  An initial 25000 international units (IU) bolus injection (≈ 300 IU/kg) followed by continuous infusion of 300 IU/kg dissolved in physiological buffer (0.9% sodium chloride) administered at 6-8 mL/h flow rate; target ACT ≥ 180 s during hospitalisation.

  Respiratory Support

  Oxygen therapy: Patients with severe symptoms should receive nasal cannulas or oxygen masks and timely assessment of respiratory distress and/or hypoxemia should be performed.

  Non-invasive ventilation: CPAP on mask for patients with SpO2 86-90%; prone position.

  Invasive mechanical ventilation: Lung protective ventilation strategy, namely low tidal volume (4-6 ml/kg of ideal body weight) and low level of airway platform pressure (< 30 cmH2O) should be used to perform mechanical ventilation to reduce ventilator-related lung injury.

  While the airway platform pressure is maintained at 30 cmH2O, high positive end-expiratory pressure can be used to keep the airway warm and moist. Sedation and muscle relaxants were used according to the clinical condition and preferably in a prone position. Furthermore, anaesthesia regimens are tailored to promote early weaning from mechanical ventilation.

   

  ANTIBIOTIC THERAP

  Empiric administration of Azithromycin in the first 48 hours; antibiotic therapy is discontinued, switched to targeted according to the antimicrobial susceptibility testing[26,27].

   

  MEDICAL THERAPY

  Individual medical therapy was continued according to the patient's pre-existing conditions and comorbidities.

   

  RESULTS

  A total of 15 patients with confirmed SARS-CoV-2 infection manifesting as COVID-19 were treated at our clinic in June 2020. Table 1 shows the basic patient characteristics. Of the 15 cases, two were females - the mean age of the cohort was 60.2 years (range 27-83). The patients were referred to us from peripheral hospitals across the country.
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  Primary symptoms reported were dyspnea, fever, and low peripheral saturation; 10 cases presented with severe disease; all patients had advanced COVID-19 pneumonia (Figure 3).
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  Patients presented with elevated levels of CRP (74.1 mg/L; IQR 55.10-127.8), mild thrombocytopenia (140*103 counts/µL; IQR 108-208), and increased values of D-dimers (790.0 ng/mL; IQR 395-1980) and FIB (5.8±2.4 g/L). LDH and NLR were high at admission with values of 330.5 IU (IQR 258.8-453.5) and 8.3 (IQR3.5-12.2), respectively (Table 1). Two patients were intubated within 24 hours of admission; both patients did not recover and died on the 5th and 26th hospitalisation day, respectively; both cases developed severe ARDS and multiorgan failure.

  The other patients were discharged after, on average, 9.3 days (IQR 5.3-10.1) of intensive care in our COVID-19 center.

  Treatment led to a gradual normalisation of biochemical parameters (Figure 4); in particular, we observed a linear trend (r=0.40, 95% confidence interval [CI] 0.21 to 0.57; P<0.0001) between platelet numbers, WBC (r=0.37, 95% CI 0.18 to 0.54; P=0.0003), and the clinical picture during hospitalisation suggesting that an increase of PLT was associated with recovery. A similar trend was observed for the WBC. In contrast, clinical recovery was associated with a decrease in FIB levels (r=-0.45, 95% CI -0.63 to -0.21; P=0.0004) and CRP (r=0.39 95% CI -0.57 to -0.20) (Figure 5A).
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  IL-6 is the primary cytokine leading to hepatic CRP production; we observed that early initiation of oXiris® blood purification was associated with stable or decreasing levels of IL-6, IL-8, and TNF-α which in turn led to a gradual reduction of systemic CRP levels across the whole cohort (Figures 4 and 6).
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  The treatment approach led to an improvement in SpO2, a decrease of inflammatory mediators, and an increase in the number of PLT.

  In one particular case, a 50-year-old male admitted with a SpO2 of 92% on 2L of oxygen (Figure 2I and J) with previous episodes of high body temperature received, in addition to the two cycles of oXiris® blood purification, 8 mg/kg of Tocilizumab given over 120 minutes via intravenous infusion (Figure 6B). The latter was administered on the explicit, consented request of his family. Administration of IL-6r blocking antibody led to a transient spike of IL-6 levels as reported before[28]. He was also treated with Azithromycin, which was adapted to Ciprofloxacin after multiplex RT-PCR identified Methylin-resistant Staphylococcus aureus and Klebsiella pneumoniae; he was discharged after 15 days.

  In some cases, the clinical course was complicated because of bacterial co-infections; a case of a 56-year-old male with dyspnea, SpO2 of 90% on room air, and a body temperature of 38 °C at admission was challenging due to a Klebsiella pneumoniae infection.

  The same pathogen was detected in a 70-year-old female. We also confirmed Streptococcus beta haemolyticus in her respiratory samples and vancomycin-resistant Enterococcus in urine samples taken within 24 hours after admission. We successfully treated her with two cycles of blood purification and antibiotics consisting of Azithromycin and Ampicillin/Sulbactam.

  Another male presenting with high fever (38.8 °C), dry cough, dyspnea, and SpO2 of 85% had a co-infection of Streptococcus pneumoniae in his throat swabs detected using RT-PCR. We treated him with two cycles of oXiris® blood purification and Azithromycin. He was discharged after eight days with markedly recovered symptoms: CRP level was 6.4 mg/L, WBC count of 4.5x10^3/µL, and normalised platelet count was 186*103/µL.

  The first mortality case involved an 83-year-old male with dyspnoea, tachypnoea, and extremely low SpO2 (65%) despite 6L oxygen, suggesting ARDS. Biochemical analysis revealed significant abnormalities; CRP was 279.9 mg/L, and LDH was 671 U/L. He was immediately placed on extracorporeal blood purification; we also discovered Streptococcus beta haemolyticus in his throat, and nasal swab detected it. Targeted therapy with Ampicillin/Sulbactam was initiated. However, despite intensive treatment including mechanical ventilation and a total of three cycles of oXiris® hemofiltration, the patient's condition deteriorated over the next days as he developed multiorgan failure; he passed away five days after his admission (Figure 6H).

  The 2nd mortality case pertained to a 73-year-old male admitted with dyspnoea, tachypnoea, severely reduced SpO2 (< 70%) on room air and elevated LDH at 527 U/L. Despite two cycles of oXiris® blood purification, SpO2 levels were not improving. We were able to stabilise his condition with mechanical respiratory support. His condition was sensitive due to the discovery of Klebsiella pneumoniae in his bronchial secretion. For this reason, we switched antibiotherapy to include Ampicillin/Sulbactam. Still, despite systemic heparinisation, the levels of D-dimers (Figure 5B, purple coloured symbols) were increased to 31400 ng/mL on the 9th hospitalisation day. Towards the end of his 4th oXiris® cycle, we observed notable improvements, and we were able to extubate him in the next 48 hours (Figure 6O). However, within 48 hours his condition suddenly worsened necessitating re-intubation. Additional cycles of blood purification were unsuccessful in rescuing his clinical situation, and he succumbed to complications related to ARDS on the 26th day on the ICU.

  In summary, a treatment approach based on early initiation of blood purification using the AN69ST (oXiris®) hemofilter, systemic heparinisation, and respiratory support may support clinical recovery in moderate to severe cases of COVID-19.

   

  DISCUSSION

  We present with this work our initial case series of 15 COVID-19 patients treated with early initiation of extracorporeal blood purification using the oXiris® (AN69ST) hemofilter, systemic heparinisation, and respiratory support; we monitored several biochemical, immunological, inflammatory, and coagulation biomarkers to tailor therapy to the individual requirements.

  The first cases of COVID-19 in the Republic of North Macedonia (NMK) were confirmed in early March 2020. The country has seen a sudden rise in the confirmed cases since restrictions were lifted in May 2020; the number of cases is slowly outnumbering the national ICU-bed capacity.

  As of July 28th, the current COVID-19 pandemic has resulted in 466 deaths over a population of roughly 2.0 million. These numbers echo the global statistics, with 16.5 million confirmed cases of COVID-19 worldwide and an estimated mortality rate of 3.7%[3]. About 5% of the infected population will develop advanced disease requiring intensive care, often necessitating ECOS therapies. Of this critically ill subgroup, the mortality rate is high 40-50%[6].

  We report here our initial case series; it is a relatively small cohort compared to global numbers. The reason being that our clinic was initially designated a "clean" hospital and allowed only to perform cardiovascular emergency procedures. Confirmed COVID-19 patients between March and June were referred to the public clinic of infectious diseases. During the first months of the outbreak in NMK, we operated on two COVID-19 patients with ruptured abdominal aorta aneurysms; the first case presented an extremely critical condition and succumbed to his condition on the 2nd postoperative day. The second case was successfully treated with a protocol resembling approach described in this report (Supplementary Figure 1). He was discharged after six days. Follow-up at 30 days pointed to a gradual normalisation of several inflammatory biomarkers; for instance, CRP was reduced to 29.9 mg/L from the initial 175.6 mg/L at admission.

  The role of lung injury in COVID-19 is well-established; however, recent observations point to a high risk for AKI in COVID-19 patients[6], but also hypercoagulability[12]. Several lines of evidence have implicated a role for pro-inflammatory cytokines in the pathology of COVID-19, especially in severe cases. Ruan et al.[7] described that the critically-ill patients had higher systemic levels of IL-2, IL-7, IL-10, granulocyte colony-stimulating factor, interferon-gamma-inducible protein-10, monocyte chemotactic protein 1, macrophage inflammatory protein-1A, TNF-α, and IL-6. Aberrant IL-6 levels were indicative of an adverse outcome. Another marker associated with disease severity and adverse outcomes is the NLR[29,30]. In addition, hypercoagulability is now considered as one of the hallmarks of COVID-19 progression with both D-dimers[31] and FIB levels[32] suggested having predictive power in establishing disease severity[13].

  The intensive monitoring of the aforementioned parameters (Figures 4, 5, and 6) guides our clinical practice and allows us to tailor our treatment to the acute needs of the patient. Treatment focuses on limiting lung injury and on promoting physiological breathing using daily intermittent physical therapy regimens combined with CPAP-ventilation and prone position. Secondly, hypercoagulability and possibility of thromboembolism were countered through systemic administration of high dosages of heparin to maintain ACT > 180 seconds. It is noteworthy to mention that even bolus dosages of 25000 IU were not sufficient to reach ACT values of > 200 seconds, pointing to severe dysregulation of the coagulation cascade in COVID-19 patients. Thirdly, hyperinflammation was controlled using oXiris® hemofilter based extracorporeal blood purification.

  Control of systemic levels of cytokines (IL-6, IL-8/CXCL-8/TNF-α) (Figure 6) was achieved using the Prismaflex® system (Baxter International Inc. Deerfield, Illinois) mounted with the oXiris® hemofilter. The oXiris® filter is a hollow fibre acrylonitrile and methanesulfonate (AN69ST) membrane[19] that removes larger molecular weight molecules. Approved first in Europe in 2009, its initial CE-marked indication was extended in 2017 for patients who require blood purification, including those requiring continuous renal replacement therapy, and in conditions with excessive endotoxin and inflammatory mediator levels. The system also received emergency Food and Drug Administration authorisation for COVID-19 treatment in April[33].

  The oXiris® filter uses a modified AN69ST membrane and has an affinity for both endotoxins and cytokines. The modified oXiris® membrane has three-fold more polyethyleneimine for optimal endotoxin adsorption. Additional (10-fold) higher amount of immobilised heparin efficiently reduces thrombogenicity[34]. It has shown a superb capacity to adsorb cytokines and endotoxins[35] control abnormal levels of systemic cytokines[36] and improve haemodynamic parameters[37,38]. To this end, our COVID-19 treatment bundle is based on the use of oXiris® blood purification to counter the multidimensional inflammatory attack on the body triggered by the SARS-CoV-2.
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  Our treatment approach is built on our previous experience[39] and our ongoing partnerships with European experts on the treatment of sepsis and related infections diseases[40].

  Blood purification has been evaluated in mechanically ventilated COVID-19 cases[41] and patients on extracorporeal membrane oxygenation[42]. Both groups reported promising results, an effective reduction in pro-inflammatory cytokines and recovery in most of the treated patients.

  Our results further provide empiric evidence for the effectiveness of blood purification to prevent, control and reduce hyperinflammation in COVID-19. However, our treatment approach differs on three key points: 1) the blood purification device, oXiris® vs. CytoSorb® ; the latter is a CE-marked device containing polymer beads to adsorb cytokines used in blood pump circuits vs. the modified AN69ST membrane; 2) we performed blood purification in moderate to severe cases within 4-12 hours of admission, intending to prevent disease progression and the need of mechanical ventilation; and 3) we use repetitive cycles whenever the inflammation markers were increasing.

  Collectively, the work here presents a promising outlook on the treatment possibilities using a standardised procedure based on 1) control of excessive pro-inflammatory cytokines through early initiation of blood purification (Figure 6), 2) prevention of hypercoagulability through systemic heparinisation (Figure 5), and intensive physical therapy combined with CPAP-respiratory support (Figure 2).

  In summary, we observed that clinical recovery was associated with an increase in PLT and WBC, whereas a decrease in CRP and FIB was observed in patients with improving clinical conditions.

  Blood purification to control excessive inflammation has gained acceptance as a treatment modality for COVID-19[20,43] and was successfully used in one case[44].

  Limitations

  Our findings propose a base for further evaluation but should be appraised with caution due to the limitations of single-centre observational studies[45] and the small cohort. We provide several lines of evidence that a fully integrated digital monitoring system to guide timing, and intensity of blood purification may support clinical recovery; however, clinical trials are required to assess our findings and determine the clinical effectiveness and safety of blood purification in critically ill COVID-19 patients.

  Finally, a long-term assessment is warranted to determine complete recovery, especially the resolution of COVID-19 pneumonia and recuperation of normal lung function.

   

  CONCLUSION

  An early initiation of blood purification using the oXiris® hemofilter was effective in preventing aberrant pro-inflammatory levels of COVID-19 patients. Furthermore, we observed no cases of thromboembolism which might be linked to the systemic heparinisation regimen.

  Collectively, we show that real-time digital monitoring of vital signs, biochemical, immunological, and coagulation markers, and X-ray imaging in COVID-19 patients offer the opportunity to track disease severity and tailor therapy based on cytokine-hemofiltration, heparin anticoagulation, and respiratory support.

  Finally, a multi-centre randomised study is warranted to adequately scrutinise the clinical effectiveness of extracorporeal blood purification in the treatment of COVID-19.
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    ABSTRACT

    INTRODUCTION:

    The objective of this study is to evaluate the efficacy and midterm prognosis of transcatheter device closure of atrial septal defects (ASDs) in sexagenary patients in China.

    METHODS:

    Forty-six sexagenary patients who underwent transcatheter device closure of ASDs in our hospital were included in this study. The patients’ preoperative and postoperative clinical symptoms, echocardiographic results, and quality of life were investigated and analyzed.

    RESULTS:

    Of the 46 sexagenary patients who participated in the study, 40 completed the study. After ASD closure, the clinical symptoms of the patients significantly improved, and the number of patients with dyspnea and palpitations significantly decreased after the operation. According to the echocardiographic results, few patients had a tiny residual shunt after closure, but the shunt disappeared completely at the three-month follow-up. The size of the right ventricular cavity was significantly smaller postoperatively compared with preoperatively. Regarding the patients’ quality of life, their feedback in all dimensions of the 36-Item Short-Form Health Survey (or SF-36) was significantly improved at the three-month follow-up, and it remained improved at the one-year follow-up.

    CONCLUSION:

    The clinical outcomes and subjective quality of life of sexagenary patients with ASDs improved significantly after transcatheter device closure of ASDs. Therefore, we believe that for sexagenary patients with ASDs, transcatheter device closure is a favorable treatment.

    Keywords: Quality of Life; Sexagenary; Heart Septal Defects, Atrial; Prognosis; Feedback; Follow-Up Studies; Health Surveys.

  

   

   

  INTRODUCTION

  Patients with atrial septal defects (ASDs) often do not have any symptoms during their childhood or adolescence, and even those with large shunts between the interatrial septum may not have obvious symptoms in the early stage. With the progression of this disease, some symptoms caused by an excessive increase in the volume load of the right heart cavity and lung can develop. Some patients with large shunts have decreased exercise endurance, shortness of breath, and other symptoms, and eventually develop right heart failure. The correction of ASD can effectively inhibit the development of pulmonary hypertension, heart failure, arrhythmia, etc[1]. Among various treatment methods, transcatheter device closure of ASDs is widely used due to its advantages of faster physical recovery and less psychological and physical trauma, and its therapeutic effect has been confirmed in some studies[2,3]. Due to the age, physical condition, and other factors of sexagenary patients, there are still many factors worth exploring in the treatment of sexagenary patients with ASDs, particularly the prognosis after treatment. The purpose of this study was to evaluate the midterm prognosis of Chinese sexagenary patients who underwent transcatheter device closure of ASDs.

   

  METHODS

  All research procedures were approved by the ethics committee of Fujian Medical University and were performed in accordance with the Helsinki declaration. The patients were informed of the study procedures and signed informed consent forms. The sample size was determined with the PASS 2020 Power Analysis and Sample Size Software (2020), NCSS, LLC, Kaysville, Utah, USA. The alpha value was set to be 0.05, and the power was set to be 0.90. Based on the calculation, the resulting minimum sample size was 39 patients. Considering a 15% drop rate, 46 patients were included in this study.

  Patients

  Forty-six sexagenary patients who underwent transcatheter closure of ASDs in our cardiac center from January 2017 to January 2019 were selected. The exclusion criteria used to screen the patients were as follows: 1) patients with other congenital heart malformations who needed surgical correction, 2) patients with other acquired heart diseases, 3) patients with severe pulmonary hypertension or Eisenmenger’s syndrome, and 4) patients with severe diseases involving other organs. All patients were diagnosed with secundum ASDs by preoperative transthoracic echocardiography (TTE) with a significant left-to-right shunt. The patients’ demographic and clinical data are shown in Table 1. In the screening process, we excluded four patients who had developed Eisenmenger’s syndrome, which accounted for about 6% of sexagenary patients with ASDs during the same period, and 17 patients who underwent open heart surgical repair.
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  Treatment

  The treatment was performed under local anesthesia, and a complete hemodynamic evaluation was done before the operation. During the operation, all procedures were performed under the monitoring of TTE. All patients underwent catheter examinations to determine the pulmonary artery pressure. The diameter of the ASD occluder was selected to be 4-6 mm larger than the ASD defect, as measured by TTE. No fenestrated occluder was used in this study. When the occluder was released into the defect, the stability and accuracy of its position were confirmed by TTE. The criteria for successful placement were that the occluder was placed firmly, and a tiny residual shunt was considered acceptable.

  Clinical Investigation

  Based on the patients’ subjective knowledge of their own physical conditions, we recorded and assessed the symptoms of dyspnea and palpitations. The patients’ postoperative complications were investigated. Clinical tests were conducted upon admission and at the three-month and one-year follow-ups.

  Transthoracic Echocardiography

  TTE was performed in the patients upon their admission and at the three-month and one-year follow-ups. The following echocardiographic parameters were recorded: 1) the inner diameter of the middle segment of the pulmonary artery, as measured with the short-axis view of the great vessels, 2) the length and width of the end-diastolic period of the right ventricle and the length and width of the end-systolic period of the right atrium, as measured by apical four-chamber endoscopy, 3) the left ventricular end-systolic and end-diastolic anteroposterior diameters, as measured using the left ventricular short-axial view, 4) the anteroposterior diameter of the middle end-diastolic period of the right ventricle, which was measured using the left ventricular parasternal long axis view, and 5) the left ventricular ejection fraction. It was important to measure the characteristics of the right ventricular cavity to evaluate the function of the right heart and determine the prognosis of treatment.

  Health-Related Quality of Life

  The examination was conducted based on the subjective feelings of the patients about their own living conditions, and the Medical Outcomes Study 36-Item Short-From Health Survey (SF-36) was used. The questionnaire was mainly used to assess the physiological and social psychological conditions of patients regarding eight dimensions: 1. PF, physical functioning; 2. RP, role physical; 3. BP, bodily pain; 4. GH, general health; 5. VT, vitality; 6. SF, social functioning; 7. RE, role emotional; and 8. MH, mental health. The SF-36 is a general questionnaire that is widely used to assess quality of life. Each question had an exact score, and patients’ quality of life is positively correlated with the score. The survey was conducted upon the patients’ admission and at the three-month and one-year follow-ups. The investigation team was composed of two interventional cardiologists, one professional nurse, and one volunteer who was proficient in the local language. Since the survey results were mainly determined by the patients’ subjective feelings, the investigation team was allowed to help patients understand the questions but was not allowed to interfere with patients’ autonomy in answering them.

  Statistics

  The IBM Corp. Released 2013, IBM SPSS Statistics for Windows, Version 22.0, Armonk, NY: IBM Corp. was used for statistical analysis. To analyze the preoperative and postoperative quality of life scores, the paired t-test was used, and the scores of various fields were positively correlated with patients' degree of satisfaction with their quality of life. The independent samples t-test was used to compare the preoperative and postoperative echocardiographic data. Continuous data are expressed as the mean ± standard deviation, and P<0.05 indicates a significant difference.

   

  RESULTS

  The patients’ demographic and clinical data are shown in Table 1. Of the 46 sexagenary patients who participated in the study, 40 completed the study. Of the six patients who did not complete the study, three were relocated, and three were unable to complete the study due to a lack of time. The mean age of the patients who completed the study was 64.8±3.7 years, and the study population included 14 males and 26 females. The mean ASD size was 17.5±6.4 mm, and the mean length of in-hospital stay was 4.2±1.4 days.

   Figure 1 shows the number of patients with dyspnea or palpitations before and after ASD device closure. The postoperative clinical symptoms of the patients improved. The number of patients with dyspnea decreased from 22 (55.0%) preoperatively to five (12.5%) at three months after ASD closure and to only two (5.0%) at one year after ASD closure. The number of patients with palpitations decreased from 20 (50.0%) preoperatively to seven (17.5%) at three months after ASD closure and to only three (7.5%) at one year after ASD closure. The differences between the preoperative and postoperative values were statistically significant. None of the sexagenary patients who had completed the study had serious postoperative complications, such as occluder dislodgement, serious bleeding requiring reoperation, or cardiac tamponade. There was no sign of left heart failure immediately after ASD occlusion in all patients. Only three (7.5%) of the patients suffered from atrial fibrillation, and long-term anticoagulant therapy was recommended for these patients. However, in the follow-up investigation, all patients remained in good health, and no patients needed to be readmitted.
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  According to the preoperative catheter examination results, the average pulmonary artery pressure of the patients was 40±5.4 mmHg. Because significant left-to-right shunts are identified by TTE and mild-moderate pulmonary artery pressures are determined by direct catheter measurements, the average pulmonary vascular resistance and cardiac output are not routinely measured. On the echocardiographic findings, four (10.0%) of the patients were found to have a tiny residual shunt during the perioperative examination, but the shunt was completely resolved at the three-month reexamination. According to the analysis of the preoperative right ventricular cavity data, most of the patients had an enlarged right ventricular cavity, which tended to shrink after device closure of ASDs, and the detailed data are shown in Table 2.
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  In addition to the improvements in patients’ clinical symptoms, the changes in the patients’ quality of life also caught our attention. Table 3 lists the SF-36 scores for the patients before and after ASD closure. The feedback of the patients in all dimensions improved significantly during the three-month follow-up period, and the feedback regarding quality of life still improved during the one-year follow-up period.
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  DISCUSSION

  ASDs are common congenital heart diseases that are mainly treated by surgical repair in the early stage. Although the treatment results are satisfactory, this treatment is associated with some complications, such as arrhythmia, mental trauma, and psychological burden[4,5]. Since transcatheter closure of ASDs was developed in 1976, this technique has been improved and widely used as a routine treatment for more than 40 years[6,7]. There are still some cases of sexagenary patients with ASDs that are diagnosed in the clinic due to an imbalance in regional economic and cultural development and a lack of medical resources in China. Many sexagenary patients do not track or address their own symptoms, which is also a reason for this phenomenon[8,9]. Although open heart surgery can be performed safely and quickly in sexagenary patients, device closure seems to appeal more to them[10,11]. Compared with surgical repair, transcatheter device closure for sexagenary patients can prevent extracorporeal circulation-related complications and surgical trauma, as well as complications related to general anesthesia[12,13]. In the present study, many aspects of the postoperative recovery of sexagenary patients after treatment for ASDs were not studied.

  Whether sexagenary patients with ASDs should undergo ASD closure is still controversial. Unlike younger patients, sexagenary patients are less likely to survive surgery and are more likely to have a shorter life span. Given the balance between therapeutic effectiveness and surgical risk, many sexagenary patients tend to vacillate between radical and conservative treatment. Therefore, the degree of improvement in cardiac function and quality of life of sexagenary patients after treatment has become an important factor influencing the choice of treatment plan. As transcatheter device closure of ASDs has been shown to be a safe and effective treatment in many studies, sexagenary patients have begun to prefer this treatment to prevent secondary structural changes in the heart due to an increased right ventricular volume load and to prevent the development of terminal heart failure[14,15].

  In this study, some of the sexagenary patients involved had clinical symptoms and changes in the structure of the right heart, while after ASD closure, the clinical symptoms of these patients improved. The number of patients with palpitations or dyspnea significantly decreased postoperatively compared with preoperatively. During the period of hospitalization, there were no serious complications. Only a small number of patients had some short-term and minor complications, which was consistent with the results reported in some studies[16]. During the short-term follow-up period, no patients needed to be readmitted due to cardiac symptoms. During the one-year follow-up period, all patients survived and had good health. Praz et al. concluded that it is safe and feasible to perform device closure of ASD in patients aged more than 60 years[17]. Their result also showed the same trend as ours. In our study, atrial fibrillation occurred in three patients. Research by Kuwata et al.[18] suggested that left atrial appendage closure in ASD occlusion might be safe and feasible for the prevention of atrial fibrillation. We agreed with this view and it was worth recommending. However, due to the underdeveloped economic and intellectual level of our regions, it was not possible to perform two procedures at the same time in this study. For these patients, only device closure was completed, and long-term anticoagulant therapy was available.

  In the treatment of sexagenary patients with ASD, the effect of hypertension, coronary heart disease, diabetes, and other diseases often has an important impact on clinical treatment. Studies have pointed out that in the treatment of these patients, the resulting complications are often an important factor affecting the treatment result, so the preoperative treatment of patients with the abovementioned diseases is also an important factor that needs to be addressed[19]. In the study by Jain et al., the presence of heart-related complications, such as atrial fibrillation and pulmonary hypertension, often complicated the treatment of ASDs[20].

  Studies in the literature have shown that after transcatheter device closure, the structure and function of the heart in patients significantly changed during the follow-up period, which was consistent with the results of our study[21,22]. With the disappearance of the left-to-right shunt, the volume load of the right cardiac cavity decreased, and the reduction of the cardiac burden indirectly led to an improvement in the patients’ clinical situation. According to the postoperative echocardiography results, the enlargement of the right ventricular cavity caused by the long-term presence of the left-to-right shunt improved to some extent, and the size of the right ventricular cavity also decreased.

  As the cure rate of diseases continues to improve, patients are not only focused on resolving the diseases that affect them, but they are also focused on improving their quality of life during and after the treatment of the diseases. Conducting more research on patients’ quality of life can also be helpful in selecting patients’ treatment options. In this study, the SF-36 standard scale was adopted to assess quality of life, as it has been widely used in many studies and has been suggested to be very reliable[23-26]. According to our results, the scores for all dimensions of preoperative quality of life of the sexagenary patients were not high, but most patients’ feedback on their own physiological state showed that their quality of life significantly improved postoperatively at the short-term follow-up. In many existing studies, the focus of postoperative recovery has been mainly on the postoperative survival rate and physical function recovery, while patients’ psychological and social functions are still relatively unknown[27,28].

  However, the reason patients decide to pursue radical treatment is often not only for the pursuit of a longer life expectancy, but also to increase their level of comfort in daily life and reduce the limitations caused by the disease. For children, the effects of illnesses may be limited to physical discomfort, while for sexagenary patients, the adverse effects of illness on quality of life are not limited to the clinical symptoms. For long-term illnesses, the adverse effects of a disease on an individual’s ability to perform social activities, such as social interactions, employment, and physical activity, have also become important factors affecting the quality of life of patients. In this study, the results showed that the emotional and psychosocial domains of the patients’ quality of life improved significantly postoperatively compared with the preoperative period. In a study by Komar et al.[29], it was also pointed out that the quality of life of sexagenary patients improved significantly after treatment compared to before treatment. It was found that most of the patients involved in the study were very concerned about whether there were ways to improve their physical function and quality of life in terms of their diet and level of physical activity after ASD closure. Therefore, it may be worth conducting research studies in the future to identify postoperative physical rehabilitation activities that can improve physical function and quality of life for sexagenary patients with ASDs.

  Limitations

  Our study still has some limitations: 1) this is a retrospective study; 2) this is a single-center study, the experience of the surgeons might have geographical limitations, and this study only included short-term follow-ups, so the results of longer-term follow-ups remain to be explored; 3) the sample size was relatively small, so the ability to explore factors influencing the experimental results was decreased.

   

  CONCLUSION

  In our study, the objective clinical conditions and the subjective quality of life of sexagenary patients who underwent transcatheter device closure of ASDs showed good improvement. Therefore, we believe that for sexagenary patients with ASDs, transcatheter device ASD closure is a beneficial treatment that can not only improve physical function but also help patients to return to their daily life.
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    ABSTRACT

    INTRODUCTION:

    Cardiopulmonary bypass (CPB) is associated with hyperlactatemia, which leads to adverse clinical outcomes. No study has examined the effect of different clamping techniques on postoperative hyperlactatemia (PHL). Thus, we aimed to evaluate the impact of two different techniques on PHL and the clinical outcomes in patients undergoing isolated coronary artery bypass surgery.

    METHODS:

    This retrospective study included 100 patients who underwent isolated CPB either with single clamp technique (SCT, n=47) or double clamp technique (DCT, n=53). Demographic and preoperative laboratory data, as well as operative features and arterial blood lactate levels at the onset and at the end of CPB, were collected from patient charts.

    RESULTS:

    Blood lactate levels collected at the end of CPB did not differ significantly between groups whereas intraoperative lactate increased significantly in both groups (P<0.005). PHL developed in 16 patients (32%). There was no meaningful difference in SCT and DCT in this regard. Left internal mammary artery was used more frequently in the DCT group than in the SCT group. While the cross-clamp time was significantly longer in the SCT group, there was no difference regarding CPB time. Among postoperative complications, only the incidence of stroke was significantly higher in the DCT group than in the SCT group (10.6% vs. 0%, P=0.020). CPB time, cross-clamp time and numbers of proximal saphenous graft and distal anastomosis showed a significant positive correlation with the postoperative lactate level. In the regression analysis, CPB time emerged as the only independent predictor of PHL (OR 1.04, CI 95% 1.01-1.07, P=0.011).

    CONCLUSION:

    There was no difference in postoperative blood lactate levels between SCT and DCT groups.

    Keywords: Cardiopulmonary Bypass; Retrospective Studies; Incidence; Lactic Acid; Mammary Arteries; Constriction; Coronary Artery Bypass; Stroke; Postoperative Complications.

  

   

   

  INTRODUCTION

  Lactate is the end product of glucose metabolism. Lactic acid is the primary biologic form at physiological pH. The blood lactate level under normal physiological conditions is stable and balanced. However, several pathophysiological conditions impair this balance and, consequently, cause hyperlactatemia and acidosis[1].

  Open-heart surgery, particularly when carried out with cardiopulmonary bypass (CPB), is associated with the development of hyperlactatemia[1]. The hyperlactatemia seen in patients undergoing CPB is multifactorial. More importantly, several studies have clearly shown that hyperlactatemia is associated with poorer postoperative clinical outcomes on different types of heart surgery[2].

  Several independent risk factors are associated with the development of hyperlactatemia during CPB. These include longer CPB and cross-clamp times, need for inotropic support, need for blood transfusion, hypoxia, and low cardiac output[3,4].

  Generally, two aortic clamping techniques are used while constructing proximal and distal anastomoses during CPB. Only one aortic cross-clamp (XCL) is used in the single clamp technique (SCT), whereas one extra clamp in addition to the aortic cross-clamp, called partial side-biting clamp, is used in the double clamp technique (DCT)[5]. Several studies have compared these two techniques in terms of postoperative complications. Among them, most found that SCT is more favorable with respect to postoperative stroke[5-7]. These studies did not mention any meaningful differences in the rates of other postoperative complications.

  To the best of our knowledge, although there are several studies on these clamping techniques, none of them have mentioned or emphasized hyperlactatemia in patients undergoing CPB. Since aortic clamping time may affect the development of hyperlactatemia, we hypothesized that the use of these two different clamping methods might have an impact on the development of hyperlactatemia. Thus, we aimed to evaluate the effects of SCT and DCT on blood lactate levels with other postoperative complications retrospectively in patients who underwent isolated coronary artery bypass surgery. Additionally, when performing proximal anastomoses, we aimed to investigate whether two different clamping techniques will have any effect on blood lactate level over CPB time.

   

  METHODS

  This was a retrospective file review aimed at investigating the effect of single or double clamp proximal anastomosis technique on blood lactate levels and postoperative complications in patients who underwent isolated coronary artery bypass grafting (CABG) surgery. The Ethics Committee of the Erciyes University approved the study protocol (2019\371).

  Patients

  We retrospectively screened adult patients aged between 35 and 90 years old who underwent CABG via open-heart surgery at our institution. All patients were operated on by the same surgical team. All patients who underwent elective isolated CABG between July 2018 and February 2019 were included in the study. The exclusion criteria were concomitant valve repair or aortic surgery, emergency surgery, previous open-heart surgery of any kind, preoperative blood lactate level above normal, ascending aorta calcification detected on echocardiography or chest radiography in the preoperative period, serum troponin level above normal or percutaneous coronary intervention in the previous week and antiaggregant treatment, preoperative atrial fibrillation, left ventricular aneurysm and/or thrombus formation, in addition to patients operated on by a different surgical team, and off-pump cardiac surgery.

  A total of 280 patients were scanned and 100 patients were included after applying the exclusion criteria. The surgical operation notes were collected for each patient and the whole study cohort was divided into two groups: Group 1 included patients whose proximal anastomoses were performed using a single clamp technique (SCT, aortic cross-clamp only) and Group 2 included patients whose proximal anastomoses were performed by double clamp technique (DCT, aortic cross-clamp + side-biting clamp). The choice of clamp technique for the creation of proximal anastomoses was determined at the operating surgeon's discretion. The selection of the clamping technique used for the formation of proximal anastomoses was determined from the surgical notes as it is a retrospective study.

  Data Collection

  Patient charts were retrospectively evaluated and demographic features, including age, gender, comorbidities including chronic obstructive pulmonary disease, diabetes mellitus, hypertension, carotid stenosis, peripheral arterial disease and chronic kidney disease, were considered. In addition, preoperative laboratory data, including serum hemoglobin, white blood cell count, neutrophil count, platelet count, hemoglobin A1C, serum creatinine, blood urea nitrogen, low-density lipoprotein (LDL) cholesterol and albumin, were recorded for each case. The glomerular filtration rate was calculated using the Modification of Diet in Renal Disease (MDRD) Study equation for each patient. All patients underwent transthoracic echocardiography (Philips ClearVue 550) performed by a cardiologist. Arterial blood lactate levels were measured for five minutes before the cross-clamp and ten minutes after the end of CPB. As defined in the literature, hyperlactatemia was considered when blood lactate levels were> 3 mmol/l[3,8]. Surgical and anesthetic monitoring notes were assessed to extract data regarding to intraoperative features, such as the status of left internal mammary artery (LIMA) graft use, the number of proximal and distal anastomoses, cross-clamp and CPB times, intraoperative mean blood pressure and need for inotropic support, preoperative and postoperative glucose, bicarbonate and pH values.

  Postoperative cerebrovascular accident (stroke) was defined as the development of a new focal neurological deficit (motor weakness, visual impairment, dysarthria/dysphasia etc.) that requires a neurologic evaluation by a neurologist and the presence of a commensurate lesion on imaging studies, such as brain computed tomography and magnetic resonance imaging. Patients who had atrial fibrillation (AF) documented with ECG irrespective of returning to sinus rhythm and who were administered amiodarone and/or low molecular weight heparin after the operation were recorded as having postoperative AF. Postoperative surgical site of infection was defined as any infection in the surgical area (in the sternotomy or graft harvesting areas) that required infectious diseases consultation and commencement of appropriate antibiotics based on positive culture results.

  Study groups were compared in terms of intraoperative lactate increase, length of intensive care unit and hospital stay, amount of bleeding (discharge) during the first postoperative day, need for revision surgery, need for inotropic support more than three hours after the operation and rates of cerebrovascular accident, de novo AF, surgical site infection, and mortality. In addition to any potential effect of the clamping technique on postoperative lactate level, we also aimed to assess whether there was any association between postoperative lactate levels and any of the study parameters mentioned above.

  Surgical Procedures

  A median sternotomy was performed under general anesthesia after right radial artery cannulation and right central jugular venous catheter placement in all patients. Saphenous vein graft (SVG) for all patients and LIMA graft for patients who did not have a contraindication were prepared. Standard aortic and dual-stage venous cannulation was performed. After initiation of CPB, all patients were cooled up to 31 °C. The XCL was placed, and ice water was used for topical hypothermia. Cold blood cardioplegic solution was infused with an average pressure of 80-120 mmHg via CPB. At 20-minute intervals, maintenance blood cardioplegic solution was infused.

  Between these 20-minute intervals, distal anastomoses were performed first. For patients who received LIMA grafts, LIMA-LAD anastomosis was performed as the last anastomosis.

  After all distal anastomoses were completed, a final cold blood cardioplegic solution was administered to patients who underwent proximal anastomosis with a cross-clamp. When proximal anastomoses were completed, patients were rewarmed to 34.5 °C and a warm blood solution was infused via CPB under a mean pressure of 80-120 mmHg. Then, the cross-clamp was removed. Afterwards, the flow rate was reduced and patients who reached appropriate blood pressure and arterial blood gas analysis were weaned from CPB. Patients with insufficient cardiac contractions were not weaned from the machine, and patients whose blood pressures did not increase enough or decrease while the flow rate decreased received inotropic support.

  Patients whose proximal anastomoses were performed under side-biting clamp (double clamp group) were rewarmed up to 33.5 °C, and a warm solution was infused via CPB under a mean pressure of 80-120 mmHg. After that, the cross-clamp was removed. Then, a side-biting clamp was placed. Proximal anastomoses were performed. Following the completion of proximal anastomoses, patients were weaned from CPB when appropriate blood pressure, body temperature, and blood gas values were reached. As in the cross-clamp patients, inotropic support was commenced in case of blood pressure problems.

  In both groups of patients, arterial blood gas samples were received by the radial artery cannula before CPB, every 20 minutes during CPB, and after weaning from CPB. Blood gas analysis was performed using the Radiometer ABL 90 flex blood gas analyzer (Radiometer Medical ApS, Brønshøj, Denmark) in the operating room.

  Statistical Analysis

  For data evaluation, descriptive statistics were reported in continuous variables as either mean ± standard deviation or median-interquartile range depending on the type of data distribution. Categorical variables were reported as numbers and respective percentages. To assess the normality of numerical variables, the Kolmogorov-Smirnov test was used. According to the groups, chi-square or Fisher's exact tests were used to compare categorical variables, while independent samples t-test or Mann-Whitney U test were used for continuous variables in case of normal and non-normal distributions, respectively. For intragroup preoperative and postoperative comparisons, paired t-test was used if the variables were normally distributed, and the Wilcoxon test was used if they were not. Pearson and Spearman's rho correlation coefficients were used to evaluate postoperative lactate levels with some numerical variables when the variable has normal and non-normal distributions, respectively. Univariate and multivariate logistic regression models were performed to assess the independent predictors of postoperative lactate level. Jamovi software version 1.0.7 and JASP Team software version 0.10.2 were used to perform the statistical analyzes. P<0.05 was considered statistically significant.

   

  RESULTS

  Baseline Patient Characteristics

  A total of 100 patients were included in this study. There were 47 patients in the SCT group and 53 patients in the DCT group. The demographic and historical characteristics of the study groups are shown in Table 1. There was no difference between the groups in terms of age, gender, frequency of comorbidities, ejection fraction, glomerular filtration rate, and other laboratory parameters except hypertension, which was significantly higher in the DCT group.
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  Intraoperative Characteristics

  Since proximal anastomoses were performed with XCL in the SCT group, cross-clamp time was significantly longer in the SCT group compared to the DCT group (80.4±25.6 vs. 63.7±21.1 min, P<0.001). On the other hand, there was no difference between the groups with respect to CPB time (108.4±34.0 min in the SCT group, 110.4±33.7 min in the DCT group, P=0.768). LIMA was used more frequently in the DCT group than in the SCT group (P=0.044) (Table 2). SVG was used in the SCT group most commonly (P=0.049).

  
    

    [image: Table 2. Preoperative and postoperative blood lactate levels, operative characteristics, postoperative complications and mortality rates in SCT and DCT groups.]

  

  Arterial Blood Lactate Measurements

  Both groups can be comparable in terms of blood lactate levels before cross-clamp (Table 2 and Figure 1). Blood lactate levels did not differ significantly between the groups evaluated ten minutes after weaning from CPB. More importantly, blood lactate evaluated ten minutes after weaning from CPB differs significantly in each group (SCT and DCT) than the cross-clamping values (P<0.001 for both groups). In both groups, hyperlactatemia after weaning from CPB developed in 16 patients (32%). In each group, there were 8 patients with hyperlactatemia (P>0.05).
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  Postoperative Complications

  Among the postoperative complications, the incidence of stroke was only observed in the DCT group when compared to the SCT group (P=0.020). Other postoperative complications were comparable between groups (Table 2). Overall, 6 patients died and there was no significant difference between groups in terms of mortality. The hyperlactatemia group (patients with blood lactate level > 3 mmol/l) had significantly more postoperative strokes compared to patients who did not have hyperlactatemia (P=0.028) (Table 3).
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  Correlations and Independent Associates of Blood Lactate

  In the whole group, CPB time, cross-clamp time and the numbers of proximal saphenous grafts and distal anastomoses showed a significant positive correlation with the lactate level after CPB (Table 4). In multivariable regression analysis, only CPB and cross-clamp times emerged as independent predictors of hyperlactatemia after CPB (Table 3).
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  DISCUSSION

  Prolonging CPB and cross-clamp times may have more adverse effects systemically both in the myocardium and in all other organs. In this study, we aimed to investigate the CPB and cross-clamp times of different clamping techniques and how these techniques affect the blood lactate level. In the literature, SCT and DCT do not demonstrate a superior effect on the myocardium and brain system[5]. Considering this, in CABG surgeries performed with CPB, we aimed to investigate the effect of applying proximal anastomoses with two different clamp techniques on the blood lactate level after CPB.

  Our study showed no difference in terms of the incidence of hyperlactatemia between the SCT and DCT groups. The DCT and SCT groups were also comparable regarding to the mean blood lactate levels after CPB. CPB time emerged as the only independent associate of postoperative hyperlactatemia.

  Hyperlactatemia is a common occurrence in patients undergoing various types of heart surgery, including CPB, heart transplantation, and valve surgery[3,4,9]. The frequency of hyperlactatemia was similar in both groups; thus, the clamping technique did not seem to confer a risk for the development of hyperlactatemia per se. In the whole group, the rate of hyperlactatemia after CPB was 32%. This incidence varied in previous studies between as low as 5.7%[3] and as high as 71%[4]. We believe that this great variability results from heterogeneous patient cohorts, cut-off values for the definition of hyperlactatemia, and CPB times.

  Several independent risk factors for hyperlactatemia have been proposed based on studies conducted on open-heart surgery[1]. The most consistent risk factors among several studies were CPB time, need for inotropic support and need for blood transfusion[3,4,8,10,11]. Our results showed that only CPB time was independently associated with hyperlactatemia. Besides, some of these studies also found acute kidney injury, preoperative ejection fraction, and increased glucose levels as independent determinants of postoperative hyperlactatemia. None of the latter factors remained significant in our multivariate logistic regression analysis.

  Postoperative stroke occurs in about 1.3% of CABG patients[12]. Ischemic stroke is generally three times more common than hemorrhagic stroke[13]. Emboli may originate from the aorta, heart, or CPB. During the operation, the aorta is manipulated during cannulation, cross-clamping, and creation of a proximal anastomosis. Since aortic atherosclerosis is seen in more than half of all CABG patients, CABG surgery poses a considerable risk of stroke in these patients[14,15]. Several studies have shown that aortic SCT is associated with a lower incidence of postoperative stroke compared to DCT[16-18].

  During DCT, the aorta is extra manipulated during side-biting clamp application, which may dislodge more embolic material from atheromatous plaques. Our study is also in agreement with the literature, since our stroke rate was observed only in the DCT group. This situation was attributed to clamping the aorta twice. Actually, all five events of postoperative stroke occurred in DCT patients. This might arise from differences in the atherosclerotic burden of individual CABG patients. We did not screen patients to detect aortic atherosclerotic load before surgery. In fact, it is increasingly recommended to perform an epiaortic scanning before surgery[19]. It should also be emphasized that some studies did not found a difference in stroke incidence between SCT and DCT[20,21]. A recent study evaluating records of more than 50 thousand CABG surgeries concluded that the aortic clamping strategy does not affect the incidence of postoperative stroke[22]. Other authors also suggested that the best way to prevent postoperative stoke is not to touch the aorta at all[23,24]. In our study, other postoperative complications, including mortality and AF rate, were not different between groups.

  We had hypothesized in the study design that different clamping techniques may affect blood lactate levels, since CPB and cross-clamp times may differ between groups. However, the results of the study did not confirm our predictions. Mean postoperative lactate levels, as well as the number of patients with hyperlactatemia, were comparable in both groups. We think that this lack of difference might be due to similar CPB times in the SCT and DCT groups. Interestingly, cross-clamp times were longer in SCT patients than in DCT patients. Still, there was no difference in lactate levels between groups. To the best of our knowledge, this is the first study in the literature attempting to unravel the impact of clamping techniques on postoperative lactate levels. Certainly, more studies are needed to draw more concrete conclusions on the subject.

  Several limitations of this study are worth mentioning. First, our sample size was relatively small compared to more extensive studies in the literature. Second, we measured blood lactate levels just at the beginning of surgery and just after CPB. As carried out in some studies[3,25], studying blood lactate levels at several points during the surgery and ICU stay would better reflect the trend of lactate levels. Third, we had no data on intraoperative blood transfusion practices, as well as the minimum level of arterial oxygen, which was shown to be related to the development of hyperlactatemia. Fourth, since this is a retrospective study, it was recorded that LAD distal anastomosis was performed with SVG in diseases associated with LIMA (atherosclerosis, narrower LIMA diameter, insufficent blood flow), when the records were ramdomly reassessed, in the SCT group, LIMA-LAD anastomosis was found to be lower. Due to these observations, we could not use LIMA as in the case of DCT groups. Despite these shortcomings, this study is the first in the literature to investigate the effects of different clamping techniques on hyperlactatemia after CPB.

  In conclusion, despite their longer mean cross-clamp time, there was no difference in CBP time and blood lactate levels after CPB between the SCT and DCT groups. Moreover, postoperative stroke was observed only in DCT groups. Moreover, only CPB time was independently associated with the development of hyperlactatemia. Our study showed that both clamping techniques can be safely used in CABG surgery. Although cross-clamp times were significantly different for both groups, CPB times were similar. In our view, similarity of lactate levels after CPB might be dependent on similarity of CPB time. Further studies are needed to shed more light on the effect of the clamping technique on blood lactate levels.
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    ABSTRACT

    INTRODUCTION:

    In this study, Anzer propolis, which can only be obtained from the Eastern Black Sea region in Turkey, is studied for its effect on spinal cord ischemia/reperfusion injury.

    METHODS:

    A total of 12 healthy male New Zealand White rabbits with an average weight of 3.0 to 3.5 kg were separated into two blind and randomized groups: the ischemia/reperfusion group (n=6) and the treatment group (n=6). Each rabbit in the treatment group was given a dose of 100 mg/kg of ethanol-dissolved Anzer propolis orally 1 hour before surgery. Blood samples were examined at the 0th hour and postoperatively at the 24th and 48th hours. Tissue samples were taken at the 48th hour during the sacrification.

    RESULTS:

    There was a statistically significant difference between the two groups in terms of postoperative Tarlov scoring (P=0.012). There was a difference between the two groups in terms of the blood levels of interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) at the 48th hour, myeloperoxidase (MPO) at the 24th and 48th hours, ischemia-modified albumin (IMA) at the 24th hour, and intercellular adhesion molecule-1 (ICAM-1) and total oxidant status (TOS) at the 48th hour (P<0.005). There was also a difference between the two groups in terms of apoptotic index data obtained with the terminal deoxynucleotidyl transferase (TdT)‐mediated dUTP nick‐end labelling (TUNEL) method in the histopathological examination (P=0.001). In the transmission electron microscopic (TEM) analysis, while ischemia/reperfusion group generally had axon-myelin separation, axoplasmic dissolution and myelin separation, the propolis treatment group had normal myelin sequencing.

    DISCUSSION:

    In our study, after biochemical, histopathological, ultrastructural and neurological functional examination, it was demonstrated that Anzer propolis has sufficient neuroprotective effect on spinal cord ischemia/reperfusion injury in rabbits.

    Keywords: Propolis; Ischemia; Reperfusion; Rabbits; Animals; Biomarkers; Peroxidase; Solubility.

  

   

   

  INTRODUCTION

  Spinal cord injury continues to be an important problem after descending and thoracoabdominal aortic surgery. The most serious complication after spinal cord injury may be paraplegia. The rate of paraplegia after thoracoabdominal aortic surgery has been reported as 2.4-40% [1].

  Spinal cord injury occurs due to ischemia/reperfusion damage created by cross-clamp during the surgical procedure. Two main pathophysiological mechanisms are responsible for this event [2]. In the first stage, the hypoxia that occurs in neurons after ischemia is called a primary injury. Spinal cord neurons are sensitive to ischemic injuries because of their high energy demand. Primary morphological changes include disruption of tissue integrity, damage to blood vessels and axons, edema, and disruption of cells. Following the primary damage, secondary damage, which includes some pathophysiological changes, such as ischemia, ion infiltration, production of oxygen radicals, and lipid peroxidation, occurs in hours and days [3-5]. However, reperfusion that occurs especially after prolonged ischemia paradoxically causes tissue damage. Reactive oxygen species (ROS) play a key role in the secondary injury caused by reperfusion [6]. For this reason, various drugs or chemicals have been used to prevent ROS formation in ischemia/reperfusion injury in different tissues, including the spinal cord [7].

  Propolis is a bee product that has become popular for the last few years. It has a high antioxidant composition [8]. It has antineurotoxic, antiviral, antibacterial, anticancer and antioxidant effects that have been reported in the literature for cardiovascular diseases, diabetes, and cancer treatments [9-11].

  The chemical composition of propolis varies depending on the vegetation, climate, season and environmental conditions of the area it is collected.

  The aim of our study is to investigate the effects of Anzer propolis, which can only be obtained from the Eastern Black Sea region in Turkey, on histopathological changes in the spinal cord after ischemia/reperfusion injury, electron microscopic analysis, antioxidant status, lipid peroxidation and clinical improvement.

   

  METHODS

  All animals were given humane care in accordance with the criteria of the Guide for the Care and Use of Laboratory Animals, published by the US National Institutes of Health. The study started with the approval given by the Local Ethics Committee for Animal Experiments at Afyon Kocatepe University (approved on 20/08/2019 under number AKÜ HADYEK-77-19).

  The Anzer propolis that we used in our study was analyzed by spectrometry method in the laboratories of the Hacettepe University Advanced Technology and Research and Application Centre.

  Experiment Design

  Experimental Group

  The rabbits were housed in individual polypropylene cages at least 7 days before the beginning of the experiment and given ad libitum access to food and water with a natural day-night cycle. All animal manipulations were performed according to the Guide for the Care and Use of Laboratory Animals, published by the US National Institutes of Health (NIH publication No. 85-23, revised in 1996).

  A total of 12 healthy male New Zealand White rabbits, with an average weight of 3.0 to 3.5 kg, were separated into two blind and randomized groups: ischemia/reperfusion group (I/R, n=6, group 1) and treatment group (Pr, n=6, group 2). Each rabbit in the treatment group was given orally 100 mg/kg of Anzer propolis dissolved in ethanol 1 hour before surgery [12]. Ischemia/reperfusion and treatment groups were subjected to 30 minutes of cross-clamp and 1 hour of reperfusion. Blood samples of the subjects were collected just before the surgical procedure (hour 0), and at 24 and 48 hours after surgery. Tissue samples were collected during the sacrification process at 48 hours.

  Anesthesia and Monitoring

  In all subjects, anesthesia was administrated with ketamine hydrochloride (Ketas, Parke-Davis, Eczacıbaşı, Istanbul, Turkey) 50 mg/kg and xylazine hydrochloride (Rompun, Bayer, Istanbul, Turkey) 5 mg/kg, intramuscularly. Subjects were kept at a pH between 7.35 and 7.45 (ABL 5, radiometer, Kopenhagen). Oxygen support was provided to all rabbits, and arterial blood pressure was continuously monitored after catheterization of femoral artery under general anesthesia by bedside monitor (multichannel bedside monitor Petaş KMA 800, Petaş A.Ş. Ankara, Turkey), and mean arterial blood pressure was kept around 80 mmHg. Body temperatures were monitored by rectal probs connected to the same monitor and were maintained at around 38.5-39.5 °C using heated blankets. Hypothermia was never applied to any of the subjects [13].

  Surgical Technique

  The subjects were operated in a supine position under sterile conditions following anesthesia. After sterile surgical condition, a median laparotomy was performed. The intestines were deviated to the right and the retroperitoneal region was reached. The same surgeon reached the retroperitoneal region by microsurgery and dissected the abdominal aorta about 1 cm inferior to the left renal artery and about 1 cm superior to the bifurcation from the surrounding tissues, and sutured it around. Anticoagulation was achieved with 150 U.kg-¹ heparin applied intravenously, and the aortic clamp was applied to the subjects. It was examined manually that the pulse in the femoral artery had completely disappeared. The clamp was applied for 30 minutes and removed at the end of the period. I/R group and Pr Group were subjected to reperfusion for 1 hour [13]. The laparotomy incision was closed in two layers as abdominal muscles and the skin, with 3/0 Prolene sutures following bleeding control.

  Subjects were awakened and taken into their cages. They were kept under observation in terms of neurological and vital functions. After 48 hours, individuals in I/R and Pr groups were sacrificed with IV application of a high dose of thiopental sodium (Pental Sodium, 0.5 g, I.E. Ulagay, Turkey).

  Biochemical Analysis

  Venous blood was collected 3 times from all groups, just before the surgical procedure (0th hour) and at the 24th and 48th hours postoperatively. Blood gas and complete blood count analyses were performed. The serum samples were stored at -80 °C. Serum samples of IL-1 (rabbit interleukin-1, ELISA kit, catalog no: YLA0081RB, 96 tests) and IL-6 (rabbit interleukin-6, ELISA kit, catalog no: YLA0011RB, 96 tests in serum samples), TNF-α (rabbit tumor necrosis factor-alpha, ELISA kit, catalog no: YLC0025RB, 96 tests), total antioxidant status (TAS) (Cayman 709001, antioxidant assay kit), total oxidant status (TOS) (Rel Assay Diagnostics), intercellular adhesion molecule-1 (ICAM-1) (rabbit intracellular adhesion molecule-1, ELISA kit, catalog no: YLA0064RB, 96 tests), myeloperoxidase (MPO) (rabbit myeloperoxidase, ELISA kit, catalog no: YLA0057RB, 96 tests), IMA (rabbit ischemia modified albumin, ELISA kit, catalog no: YLA00164RB, 96 tests) were measured in an ELISA device (MVGt Lambda Scan 200, Bio-Tek Instrument, VT) with rabbit ELISA kits.

  Postoperative Neurological Evaluation

  The motor functions of the hind limbs were evaluated according to Tarlov criteria at 6, 24, and 48 hours after reperfusion, by a researcher who did not know the treatment applied beforehand [14].

  Tarlov Score

  According to Tarlov score, 0 was used if there was no movement in the lower limbs (complete paraplegia), 1 for slight movements, 2 if the animal could sit with help, 3 if the animal could sit alone, 4 if the animal could walk but abnormally, 5 if the animal could walk normally.

  Histopatologic Examination

  Subjects were euthanized with high-dose thiopental. By performing laminectomy at L2-5 levels, samples were taken from the spinal cord without damaging it and examined by using 10% formaldehyde and glutaraldehyde solutions. In histopathological examination, apoptosis and tissue necrosis were evaluated.

  Hematoxylin-Eosin Staining Protocol

  Spinal cord tissue samples were examined in 10% buffered formalin solution for histopathological examinations using the hematoxylin-eosin (HE) staining method [15]. The stained preparations were examined under a binocular light microscope (Nikon, Eclipse Ci, Tokyo, Japan). Microscopic images were taken from the required preparations (Nikon DS F1, microscopic digital camera systems, Tokyo, Japan).

  TUNEL Protocol

  ApopTag® Peroxidase In Situ Apoptosis Detection kit (Milipore S7101, USA) was used for this technique. The sections were kept in a 60 °C oven for staining for one night, then the transparency process was performed with three exchanges of xylene every 30 minutes. Then, rehydration was achieved by decreasing alcohol series and kept in distilled water for 10 minutes. The area to be stained was drawn with PapPen. Sections were incubated for 15 minutes with proteinase K. Then, the sections were washed 5 minutes 3 times with buffer solution. After each wash, water overflow around the tissue was removed with blotting paper. The sections were then incubated with 3% hydrogen peroxide for 10 minutes to block endogenous peroxidase activity. The sections were washed again with buffer solution and then incubated with equilibration buffer for 10 minutes. The sections were then kept in the oven for 1 hour at 37 ºC with Tdt enzyme (770 µL of reaction buffer + 330 µL of Tdt enzyme). After 1 hour, the sections were incubated with working strength stop/wash buffer (100 µL of stop wash buffer + 3,400 µL of distilled water) for 10 minutes. The sections washed with buffer solution were stained with diaminobenzidine (DAB) to determine the visibility of the terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick-end labelling (TUNEL) reaction. For this, 30 µL of DAB substrate and 1,470 µL of DAB dilution buffer were mixed and left to rest for half an hour before being used in a dark place. The DAB solution prepared in the sections was placed and kept for approximately 4 minutes. The preparations were washed with distilled water. The slide staining base was prepared by dripping methyl green on the slides and waiting 10-15 seconds. After removing the excess stain, the lamellas were passed through alcohol and xylene series without being dried, then closed with Entellan® (UN 1866, Merck, Darmstadt, Germany).

  Transmission Electron Microscopic Analysis

  The samples collected during surgery were taken for primary fixation at 4 °C for 24 hours in 2.5% glutaraldehyde containing 0.1 M phosphate buffer, and then washed 3 times for 15 minutes with phosphate buffer. The blocks obtained were cut at 700 nm thickness with an ultramicrotome (Leica Ultracut R) and stained with toluidine blue. After determining the areas to be displayed in transmission electron microscopic (TEM), every subject was scored according to the criteria shown in Table 1 [16].

  
    

    [image: Table 1. Electron microscopic scoring criteria for specimens.]

  

  Statistical Analysis

  The results obtained in the research were carried out with the SPSS 16.0 software (SPSS Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test was always used to determine whether the data distribution was normal. The one-way ANOVA test was used for blood count and biochemical analysis, which are among the results obtained from the research. Mann-Whitney U test and independent t-test were used in the analysis of other continuous variables. The results were expressed as mean±standard deviation. P<0.05 was accepted for statistical significance.

   

  RESULTS

  Propolis Analysis

  It has been identified that the Anzer propolis used in the research had the highest levels of ethyl oleate (10,23%) and 4H-1-benzopyran-4-one, 5-hydroxy (9,07%) (Table 2).
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  Biochemical Results

  There was a difference between the two groups in terms of 48th hour IL-6, 48th hour TNF-α, 24th hour MPO, 48th hour MPO, 24th hour IMA, 48th hour ICAM-1, and 48th hour TOS values (P=0.022, 0.040, 0.037, 0.023, 0.015, 0.012, and 0.002, respectively). There was no difference in terms of other parameters (Table 3).
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  In terms of blood count data between the two groups, there was a difference between postoperative 24th hour lymphocyte, granulocyte and 48th hour monocyte (P=0.038, 0.011, and 0.008, respectively). There was no difference between the other parameters.

  Neurological Results

  In the I/R group, 5 rabbits received 1 point, and 1 rabbit received 2 points after the procedure. In the Pr group, it was determined that 3 animals were walking (all 5 points). Two rabbits received 3 points and 1 rabbit received 1 point. A statistically significant difference was found between the two groups in terms of postoperative Tarlov scoring (P=0.012).

  Results of Histopathological Analysis

  In the histopathological examination performed by HE staining of tissue sections, there was a significant difference between the two groups in terms of chromatolysis and Nissl granule loss, formation of spherules, areas of infiltration of focal mononuclear cells (P=0.016, 0.027 and 0.038, respectively). There was also a difference between the two groups in terms of apoptotic index data obtained with the TUNEL method (P=0.001) (Table 4). In our study, the effect of propolis on the damage caused by ischemia/reperfusion in the spinal cord of rabbits can be seen histopathologically in Figures 1 and 2.
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  Results of Transmission Electron Microscopical Analysis

  A statistically significant difference was found between the two groups (P=0.011) (Table 1). In the samples from the I/R group, axon-myelin separation, separation between myelin layers, complete loss of myelin integrity, withdrawal of axoplasm, mitochondria swelling and edema in cells was determined, whereas myelin, axon and the rest of cells remained sturdy in the propolis group (Figure 3).
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  DISCUSSION

  In the literature review, we found only two publications investigating the effect of propolis on the spinal cord [17,18]. Only one of them examined the relationship between propolis and ischemia/reperfusion injury [17]. On the other hand, the propolis used in these studies was not the Anzer propolis. In these studies, light microscopy and electron microscopy were not performed together.

  The Anzer propolis used in this study is exclusive to the Eastern Black Sea region of Turkey; it is a type of regional propolis. The chemical composition of propolis varies depending on the vegetation, climate, season and environmental conditions of the area where it is collected.

  We could not find a definitive study on the superior properties of Anzer propolis. These properties are attributed to the greater superiority of Anzer honey, which is its high ascorbic acid content compared to other honeys. However, in our literature review, we did not find a study investigating the effect of Anzer propolis on any tissue ischemia/reperfusion injury.

  Inflammatory processes are among the most critical mechanisms responsible for ischemia/reperfusion damage to the spinal cord. Inflammatory cells, such as neutrophils, macrophages and monocytes, play an important role in the inflammatory response of the spinal cord to ischemic injury, causing the development of neuronal damage after reperfusion. In addition, it has been suggested that microglia, which has recently played an important role in ischemia/reperfusion injury, produces various cytotoxic mediators, such as ROS and inflammatory cytokines (IL-1, IL-6, TNF-α) [19].

  In our study, at the 48th hour after the procedure, the I/R group was determined to be superior to the Pr group, and there was a significant difference between the two groups in terms of IL-6 levels (P=0.022). Tumor necrosis factor is a chemotactic agent for alpha monocytes and polymorphonuclear leukocytes. TNF-α blockade has been shown to providing neuroprotection and improving functional recovery following experimental spinal ischemia [20]. In our study, TNF-α was higher at the 48th hour in the I/R group (P=0.040). ICAM-1 is known as the intercellular adhesion molecule-1. Its main task is to cause stable adhesion of inflammatory cells to the vascular surface. While many cells, such as endothelial cells, lymphocytes and monocytes, are normally found in small amounts, they are increased by the action of cytokines such as IL-1, TNF-α, and IFN-gamma, especially in acute or chronic inflammatory conditions. For example, melatonin reduces the synthesis of adhesion molecules P-selectin and ICAM, and shows beneficial effects by reducing cardiac damage during ischemia/reperfusion [21]. In our study, the I/R group’s score was higher than the Pr group’s score at the 48th hour (252,1100±15,60926b vs. 205,7600±14,84168b). This difference at the 48th hour was statistically significant (P=0.012).

  During ischemia/reperfusion, oxidative processes that arise from free radicals can cause protein breakdown, lipid peroxidation, and DNA damage. The endogenous antioxidant system reduces these damages through enzymatic substances such as glutathione peroxidase and superoxide dismutase. They show their effects by converting free radicals into more harmless compounds before interacting with biologically important molecules or preventing the radical production from other molecules [22]. In our study, we examined TOS and TAS capacity, which we think is more effective than these markers one by one. It is possible to find different studies on the subject in the literature. In our study, TOS capacity was higher in the I/R group at the 24th and 48th hours after the procedure than in the Pr group, but it was only statistically significant at the 48th hour (P=0.099 and 0.002, respectively). In contrast, TAS (mmol/ml) was higher in the Pr group 24 and 48 hours after the procedure. However, the difference between the two groups was not significant (P=0.833 and 0.241). In terms of TAS, there was no difference in terms of time for the groups (IR group, P=0.810 vs. Pr group, P=0.620) (Table 3). In addition, high circulating MPO levels are associated with inflammation and increased oxidative stress, showing the inflammatory response such as TNF-α and IL-6. MPO activity is a reliable indicator of neutrophil invasion in injured tissues. In addition, as the number of neutrophils entering the spinal cord increases, their release increases [23]. The MPO enzyme is abundant in neutrophils and forms hypochlorous acid from hydrogen peroxide. In our study, the mean MPO levels were higher in the I/R group at the 24th and 48th hours after the procedure compared to the Pr group and there was a significant difference between the two groups (P=0.037 and 0.023, respectively).

  Apoptosis is a programmed cell death and an event in which the cell activates several metabolic and physiological processes to self-destruct. In recent years, apoptosis has been found to be associated with some pathological conditions. Spinal cord injury involves apoptotic death of neurons after injury, which can be aggravated by inflammation. The pathological outcome can be improved by rescuing apoptotic neurons. In our study, apoptosis was less observed in the spinal cord tissue after ischemia/reperfusion in the group that was given propolis by the TUNEL method (P=0.001).

  We used TEM in our study. There was a statistically significant difference between the groups (P=0.011). We found significant corruption in small, medium and large myelinated axons after ischemia/reperfusion in the untreated group. In general, there were axon-myelin separation, axoplasmic dissolution and myelin separation into different sections. However, in the treatment group that received propolis, there were axonal contractions and curlings, and a normal-looking small myelinated axon appearance and regular myelinated fiber sequences.

  In our literature review, Tarlov scoring was generally used for postoperative neurological evaluation in studies related to ischemia/reperfusion in the spinal cord. For example, in a study investigating the protective efficacy of methylprednisolone and tetracosactide (ACTH1-24) in rabbit spinal cord ischemia/reperfusion injury, the mean Tarlov score of the ischemia group was significantly lower than the control group (P<0.001). In all cases, the mean Tarlov score in the methylprednisolone group was significantly higher than the ischemia group (P=0.002). The mean Tarlov score in the ACTH group was also reported to be significantly higher than that in the ischemia group (P<0.001). In addition, no significant difference was found in Tarlov scores between methylprednisolone and ACTH groups (P=0.231) [24]. In our study, ischemia resulted in paraplegia at the 48th hour in all animals in the reperfusion group. Propolis, which was applied before I/R damage, provided increased neurological capacity as Tarlov scores determined. After the 48th hour after the procedure, a statistically significant difference was found between the two groups in terms of Tarlov score (P=0.012). The clinical observations we made in our study are confirmed by spinal histology.

  The antioxidant capacity of propolis has been linked to caffeic acid phenethyl ester (CAPE) in some studies and to pinocebrine in others [25,26]. In our study, it was not possible to say exactly which of the substances is effective and responsible for the results obtained. However, we think that ethyl oleate and 4H-1-benzopyran-4-one, which we found as a result of the analysis, could be responsible. It is possible to find studies in the literature researching the effect of these two substances. Wu et al. applied puerarin, a natural isoflavone extracted from puerarin type and contains 4H-1-benzopyran-4-one, intraperitoneally to mouse models with sciatic nerve damage. Medium and high doses of puerarin upregulated the expression of growth-associated protein 43 in L4-6 segments of the spinal cord of mice at 1st, 2nd and 4th weeks. After weeks of modeling, it reduced the atrophy of the triceps on the damaged side, and supported regeneration of the damaged spinal cord fibers after 8 weeks [27]. Green et al. [28] determined, in their experimental study, that the neuroprotective effect of ethyl docosahexaenoate is due to brain tissue’s sweep ability over free radicals, and its ability to prevent the spreading of brain lipid peroxidation.

   

  CONCLUSION

  Although it is predicted that ischemic damage can be reduced with early diagnosis, reperfusion injury and its consequences are still inevitable in this approach. For this reason, studies for the prevention of reperfusion injury have gained great importance today. Although substantial progress has been made in basic research on the mechanism of spinal cord ischemia/reperfusion injury, symptomatic therapy remains the primary treatment plan. Thereby, our studies provide evidence that, at least in one animal model, propolis can reduce IL-6, TNF-α and MPO levels, has strong antioxidant effects by measuring TAS and TOS activity, and provides inhibition of cell apoptosis in the spinal cord.

  Limitations of the Study

  There are several limitations of this study. The number of animals included per group is low. There was no control group in our study. The mechanism of the protective effect of propolis on the spinal cord with a single dose is not clear in our study. In addition, different dosage regimens with more detailed grouping could be used. Also, the study did not address the possibility of cerebrospinal fluid drainage and its effects. In further studies involving more subjects, more comprehensive results can be obtained by increasing the functional, biochemical and histopathological evaluation times.
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    ABSTRACT

    INTRODUCTION:

    The objective of this study was to investigate the effect of mivacurium in the application of fast-track anesthesia for transthoracic device closure of ventricular septal defects (VSDs) in children.

    METHODS:

    The data of 108 children who underwent transthoracic device closure of VSDs from December 2018 to June 2020 were recorded and analyzed. All children were divided into group M (mivacurium group, n=55) and group C (cisatracurium group, n=53) according to the different muscle relaxant drug used.

    RESULTS:

    No statistically significant differences in general preoperative data, intraoperative hemodynamic changes, or the incidence of adverse reactions were noted between the two groups (P>0.05). However, the intubation condition rating of children in group M was better than that in group C. The onset time, duration of clinical action and recovery index of the muscle relaxant, postoperative mechanical ventilation duration, and length of intensive care unit stay in group M were significantly lower than those in group C (P<0.05).

    CONCLUSION:

    It is safe and feasible to use mivacurium as a muscle relaxant in children undergoing fast-track cardiac anesthesia during transthoracic device closure of VSDs.

    Keywords: Anesthesia; Cardiac Procedures; Ventricular Heart Septal Defects; Transthoracic Device; Children; Mivacurium; Atracurium; Child.

  

   

   

  INTRODUCTION

  Ventricular septal defect (VSD) is one of the most common congenital heart diseases[1]. Commonly used treatments include surgical repair under cardiopulmonary bypass and transcatheter device closure guided by echocardiography and fluoroscopy. In recent years, transthoracic device closure of VSD has been widely used in the treatment of VSD and accepted by children and their families given its small incision, lack of a need for cardiopulmonary bypass, lack of radiation exposure, short operation time, fast postoperative recovery, and few complications[2,3]. Transthoracic device closure of VSD guided by transesophageal echocardiography (TEE) combined with fast-track cardiac anesthesia technology may promote the rapid postoperative recovery of patients[4,5]. Fast-track cardiac anesthesia involves selecting the appropriate anesthesia methods and drugs to allow patients to undergo extubation immediately or as soon as possible (within six hours after the operation) to reduce the length of the postoperative intensive care unit (ICU) stay, hospitalization stay, and total medical costs[6]. Many studies on fast-track cardiac anesthesia have focused on the use of opioids but ignored the choice of muscle relaxants. The reasonable choice of muscle relaxants is another key to the success and safety of fast-track anesthesia for children. As a short-acting non-depolarizing muscle relaxant, mivacurium has a short action time, rapid recovery, minimal accumulation in the body, and minimal adverse reactions in the nervous system and cardiovascular system[7,8]. This study aimed to investigate the effect of mivacurium in fast-track cardiac anesthesia for transthoracic device closure of VSDs in children.

   

  METHODS

  The present study was approved by the ethics committee of our hospital (2020KY039) and adhered to the Declaration of Helsinki. Besides, written informed consent was obtained from the patient’s parents.

  This is a retrospective study conducted in two teaching hospitals. Between December 2018 and June 2020, 108 children who underwent transthoracic device closure of VSD through a small chest incision were selected as the research object. The inclusion criteria were as follows: 1) simple perimembranous VSD and suitable for undergoing device closure; 2) cisatracurium or mivacurium was used as an inducer of muscle relaxants during the operation; 3) no pulmonary infection or abnormal pulmonary function before the operation. The exclusion criteria were: 1) VSD combined with other cardiac malformations that require surgical correction; 2) failure of transthoracic device closure of VSD and transfer to surgical repair; 3) children with severe pulmonary hypertension.

  All the enrolled children completed routine preoperative examinations. Family members were informed of the advantages, disadvantages, and indications of the two anesthesia regimens the day before the surgery. Then, according to the patient’s condition and the family’s wishes, the surgeon and the anesthesiologist jointly chose the patient’s anesthesia plan. The patients were divided into two groups according to the different muscle relaxants used in operation. In total, 55 children were included in group M (mivacurium), and 53 children were included in group C (cisatracurium) (Table 1).
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  All children fasted for 4~6 hours and did not consume water for 2~4 hours before the anesthesia. The children were administered oral midazolam syrup (0.5 mg/kg) 30 minutes before entering the operating room. After entry into the operating room, the venous channel was established, and physiological saline was infused. Heart rate (HR), noninvasive blood pressure, and oxygen saturation were monitored. Midazolam (0.05 mg/kg) and fentanyl (10 μg/kg) were intravenously injected for anesthesia induction. After the patient lost consciousness, a Veryark-TOF neuromuscular monitor was turned on to monitor the thumb. A baseline record of neuromuscular monitoring was generated. Neuromuscular transmission was monitored with acceleromyograph. The ulnar nerve was stimulated at the wrist by a train-of-four stimulation (current: 50 mA, duration: 0.2 ms, frequency: 2 Hz, interval between strings: 15 seconds), and neuromuscular function was measured at the adductor pollicis. The acceleration indicator was fixed to the palm side of the thumb’s non-infusion side, and the skin surface electrode was placed on the ulnar side of the left forearm, near the wrist. After the first twitch was stabilized at 100%, mivacurium (0.2 mg/kg) was intravenously injected in group M with an injection speed > 30 seconds, and cisatracurium (0.15 mg/kg) was intravenously injected in group C. When the first twitch inhibition of train-of-four reached 95%, tracheal intubation was performed. After successful intubation and mechanical ventilation, radial artery and subclavian vein catheterization were performed. The invasive mean arterial pressure (MAP), central venous pressure, end-expiratory carbon dioxide, nasopharyngeal temperature, and arterial blood gas analysis were monitored during the procedure. Anesthesia was maintained by intravenous pump infusion of 0.3-0.5 ug/kg/min remifentanil and 2-3% sevoflurane via inhalation. When the first twitch recovered to 25%, the children in the two groups were injected with corresponding muscle relaxant at a dose of 0.1 mg/kg to maintain muscle relaxation, and the sedative dose was adjusted according to the depth of anesthesia during the operation.

  During the procedure, a small incision was made at the lower portion of the sternum. The pericardium was cut open to expose the free wall of the right ventricle, and 1 mg/kg heparin was administered. The puncture site was located at the free wall of the right ventricle under TEE guidance. Then, a purse-string suture was placed at this site. A delivery pathway through the right ventricle-VSD-left ventricle was established under TEE guidance. An occluder was released through the delivery pathway to close the VSD. Then, TEE was used to confirm the location of the occluder and the cardiac function. After the operation, the patient was sent to the ICU for further monitoring and treatment.

  Hemodynamic indexes, including HR and blood pressure, were recorded at five time points — before anesthesia induction (T1), during tracheal intubation (T2), during skin incision (T3), during thoracotomy (T4), and during incision closing (T5) — in both groups (Table 2). The tracheal intubation conditions of both groups were also recorded, and the intubation conditions were evaluated based on the Krieg scale, an endotracheal intubation rating method: level 1, excellent, with loose vocal cords; level 2, good, vocal cords relaxed, mild cough from the endotracheal tube; level 3, poor, moderate adduction of vocal cords, significant cough when trachea passes; and level 4, unable to complete the intubation[9]. The related results were shown in Table 3. The neuromuscular effects were recorded: (1) onset time, time from the first injection of muscle relaxant to the maximum inhibition of the first twitch; (2) duration of clinical action, time from muscle relaxant administration to 25% recovery of the first twitch; and (3) recovery index, the recovery time of the first twitch from 25 to 75%. The related results were shown in Table 3. Adverse reactions, such as bronchospasm and skin flushing, postoperative mechanical ventilation duration, and length of ICU unit stay were recorded in both groups and presented in Table 3.
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  Statistical Analysis

  The continuous data exhibited normal distribution as assessed by the normality test and were statistically analyzed using an independent sample t-test. The Chi-square test was used to compare the number of postoperative complications between the two groups. A P-value < 0.05 was defined as statistically significant.

   

  RESULTS

  No statistically significant differences in age, gender, body weight, and operation time were noted between the two groups (P>0.05) (Table 1). As shown in Table 2, the hemodynamic indexes of the two groups before anesthesia induction (T1), tracheal intubation (T2), skin incision (T3), thoracotomy (T4), and close the incision (T5) were stable and not statistically significant (P>0.05). As shown in Table 3, the intubation condition rating of children in group M was better than of those in group C, and the difference was statistically significant (P<0.05). There was no statistically significant difference in the incidence of adverse reactions (P>0.05). Bronchospasm and skin flushing did not occur in either group. The onset time, duration of clinical action, recovery index, postoperative mechanical ventilation duration, and length of ICU stay in group M were significantly shorter than those in group C (P<0.05).

   

  DISCUSSION

  VSDs is one of most common congenital heart diseases[10]. The traditional treatment of VSD is surgical repair under cardiopulmonary bypass. However, such operation might be associated with systemic inflammatory reactions, sizeable surgical incision, and potential damage to other organs[11].Recently, transthoracic device closure of VSD guided by TEE has gained popularity in China, and the procedure is completed through a small incision in the lower sternum and uses a specially designed delivering sheath. Besides, intraoperative TEE is used to assess whether a residual shunt was present or a change in cardiac morphology was caused by the occluder. This procedure’s advantages were as follows: no cardiopulmonary bypass, small surgical incision, short operation time, quick postoperative recovery, and easy to learn. Thus, fast-track cardiac anesthesia is implemented by anesthesiologists to support these surgical techniques, to extubate these patients as soon as possible after surgery, to reduce the length of ICU stay, and to promote rapid postoperative recovery.

  The concept of fast-track anesthesia for cardiac surgery was proposed in the 1990s and has been continuously improved and perfected in recent years. Its safety and effectiveness in pediatric cardiac surgery had been confirmed in many studies[12,13]. Fast-track cardiac anesthesia is employed to achieve early postoperative extubation, reduce complications by optimizing anesthetic drugs and applying various techniques, and meet the optimal anesthesia effect required for cardiac surgery. Iezzi et al. found that early extubation (four hours) in pediatric congenital heart disease was safe and effective because it reduced the time of intubation and ventilator use and did not increase postoperative complications[14]. In the early stage, large doses of opioids were mostly used to achieve the anesthetic effect required by cardiac surgery. In recent years, clinical studies on fast-track cardiac anesthesia were mostly focused on optimizing the use of opioids, while less attention was paid to the application of muscle relaxants.

  Mivacurium is a short-acting non-depolarizing muscle relaxant. After entering the blood circulation, plasma cholinesterase can be rapidly degraded, and the plasma clearance half-life is only 2.6 minutes. Due to the short duration of action, mivacurium has become the main muscle relaxant used for pediatric anesthesia in Germany[8]. The elimination of mivacurium does not directly depend on liver and kidney functions, and the decomposition products do not have muscle relaxation effects. Therefore, mivacurium has almost no accumulation effect in the body and has a slight effect on circulation[15]. The operation time of transthoracic device closure of VSD in children is relatively short, so the pharmacodynamic characteristics of mivacurium are consistent with such procedure’s requirements. Cisatracurium is a medium-short-acting muscle relaxant. Given its weak histamine release effect, minimal effect of conventional dosage on liver and kidney function, and minimal effect on circulation, it is also often used for anesthesia in cardiac surgery.

  In this study, no significant differences in age, gender, body weight, and operation time were noted between the two groups, demonstrating that the two groups of data were comparable. The intubation condition rating in group M was better than that in group C, and the percentage of children with level 1 intubation condition reached 96.4%, suggesting that mivacurium might be more conducive to obtain good intubation conditions. The onset time, duration of clinical action, and recovery index of muscle relaxation in group M were significantly shorter than those in group C. Such results indicated that mivacurium had a faster effect, no accumulation, shorter duration of action, and faster recovery. This study also found that the length of postoperative mechanical ventilation and ICU stay were shorter in group M, suggesting that mivacurium was more beneficial to postoperative recovery.

  Mivacurium exhibits a dose-dependent adverse effect of histamine release. A single large-dose injection and rapid administration of mivacurium can cause histamine release, resulting in capillary dilatation, skin flushing (face and trunk), decreasing blood pressure, and increasing HR, and inducing laryngeal spasms. Compared with adults, the histamine release is less effective and has less of an effect on children’s blood pressure and HR[16]. The release of histamine is related to injection dose and injection speed[17]. Studies had shown that slow intravenous administration of mivacurium within 30-60 seconds could suppress histamine in the blood and reduce skin flushing[18]. In this study, hemodynamic indicators, such as MAP and HR, were stable during and after anesthesia induction in the two groups. The bolus injection rate may be slower (> 30 seconds) when mivacurium is administered in this study, which inhibits histamine release, thereby reducing hemodynamic fluctuations. Goosens et al. believed that mivacurium’s use did not change the hemodynamics and left cardiac function of patients with coronary artery disease[19]. Given that the infusion speed was > 60 seconds, there was a protective effect on myocardial function. Therefore, we should pay attention to the infusion speed when using mivacurium.

  Limitations

  This article has many shortcomings. First, this was a retrospective study with relatively small sample size. Some of the evaluation indicators used were also subjective, which might lead to the results’ deviation. Second, this was not a prospective randomized, double-blind controlled study. In fact, in the current clinical work in China, the doctor-patient relationship was quite tense, so it was challenging to implement a prospective randomized, double-blind controlled study. Although the statistical value of our results might be inferior to that of prospective studies, we still believed that our study had some guiding clinical value. We hope to complete a multicenter prospective randomized, double-blind controlled study to verify our conclusions further.

   

  CONCLUSION

  It is safe and feasible to use mivacurium as a muscle relaxant in children to perform fast-track cardiac anesthesia during transthoracic device closure of VSD. The effect of mivacurium is slightly faster. Besides, the duration is shorter, and the recovery is faster. However, it should be noted that mivacurium injection should be slow, lasting at least 30 seconds.
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    ABSTRACT

    OBJECTIVE/INTRODUCTION:

    Near-infrared spectroscopy (NIRS) is a non-invasive technique to detect cerebral ischemia by monitoring changes in regional cerebral oxygenation (rSO2) in the frontal lobes. However, there are no studies showing the changes in NIRS values in response to hemodynamic variations during stages of carotid endarterectomy (CEA) procedure and clinical implications of these changes. The aim of this study was to determine if hemodynamic changes affect NIRS values during carotid endarterectomy and if our results may help to provide strategies for hemodynamic management in these patients.

    METHODS:

    A total of 50 consecutive patients undergoing CEA were prospectively included in the study. NIRS was measured at first minute after clamping of carotid artery, and then systolic blood pressure was increased above 150 mmHg. NIRS values from both hemispheres were recorded simultaneously at certain time points and were analyzed to evaluate the changes at different stages of operation and to assess correlations with hemodynamic parameters.

    RESULTS:

    NIRS values on the right and left sides were correlated with systolic (right P<0.001, R2:0.24; left P=0.02, R2:0.10) diastolic (right P<0.001, R2:0.36; left P=0.001, R2:0.18) and mean (right P<0.001, R2:0.33; left P=0.003, R2:0.17) blood pressures when the patient was under general anaesthesia. NIRS values were significantly lower than pre-incision values just after clamping of carotid artery in both hemispheres (P=0.005 for the right and P<0.001 for the left side).

    CONCLUSION:

    NIRS values measured in our study show that there is a correlation between hemodynamic changes and cerebral oxygenation. This effect is especially pronounced while the patient is asleep and intubated, which implies the importance of close monitoring of patients with carotid disease during any surgery requiring general anaesthesia.

    Keywords: Atherosclerosis. Carotid Endarterectomy. Near-Infrared Spectroscopy. Carotid Artery; Common. Anesthesia; General.

  

   

   

  INTRODUCTION

  Carotid endarterectomy (CEA) is a well-established procedure to prevent development of future stroke in symptomatic and asymptomatic patients with a high-grade internal carotid artery stenosis [1,2]. On the other hand, the procedure itself carries a risk of stroke, which can be due to thrombosis, embolism, or intraoperative ischemia related to hypoperfusion during cross-clamping (CC) of the carotid artery [3]. Therefore, monitoring techniques to determine adequacy of cerebral circulation are used and include electroencephalography (EEG), somatosensory-evoked potentials (SSEP), motor-evoked potential (MEP), transcranial Doppler, stump pressure and cerebral oximetry [4]. 

  Near-infrared spectroscopy (NIRS) is a non-invasive technique to detect cerebral ischemia by monitoring changes in regional cerebral oxygenation (rSO2) in the frontal lobes. NIRS is easy to apply and has a relatively low cost compared to other non-invasive techniques. Various studies compared NIRS with stump pressure [5,6], EEG [7], and transcranial Doppler [8] and proposed it as a reliable and safe substitute for these traditional techniques. However, there are no studies showing the changes of NIRS values in response to hemodynamic variations during stages of CEA procedure and clinical implications of these changes. Some surgeons believe that an increase in mean arterial blood pressure, usually by 20% or systolic arterial blood pressure above 150 mmHg during CC of carotid artery is quite enough to prevent cerebral ischemia. Nevertheless, there is no scientific data supporting this practice. In the current study, we evaluated the NIRS values at certain stages during carotid endarterectomy and their relation to hemodynamic changes at these time points. The aim was to determine if hemodynamic changes affect NIRS values while the other factors, such as arterial oxygen saturation, were kept relatively constant. We also intended to provide a scientific basis for the increased blood pressure protocol during carotid endarterectomy, hoping that our results will be helpful for future hemodynamic management protocols for patients with carotid stenosis.

   

  METHODS

  Between October 2018 and September 2019, 50 consecutive patients undergoing CEA under general anaesthesia were prospectively included in the study. The hospital ethics committee approved the study (EC number: 2018-973), and the individual informed consent was waived. Indications for CEA were symptomatic or asymptomatic carotid stenosis >70% or symptomatic patients with 50-69% carotid stenosis, as stated in guidelines [1,2] and discussed by the team. Carotid stenting was preferred over endarterectomy when revascularization is indicated in patients with cervical anatomy unfavorable to arterial surgery and at high surgical risk, but these patients were not included in the study. Patients who underwent elective carotid surgery were included and those with recent cerebral events were excluded from the sudy. Patients with either unilateral or bilateral lesions were included in the study but those with chronic total occlusion of the carotid artery were not operated on. In patients with bilateral lesions, the side of CEA was determined by the dominant hemisphere or the severity of the lesion as well as the side of symptoms, if any. The severity of the carotid artery stenosis was initially assessed by carotid Doppler ultrasound imaging and confirmed by computed tomography angiography in all patients. We included patients who underwent CEA with concomitant coronary surgery because our instituitional approach is to perform the carotid part of the operation before the coronary grafting and, therefore, measurements are logically not affected by parameters related to coronary surgery. 

  Operative and Postoperative Protocol

  All operations were done by the same team. CEA was performed under general anesthesia in all patients in accordance to the surgeon’s preference. Patients at high risk for general anaesthesia and others who underwent operation with regional anaesthesia were not included in the study to provide a more homogeneous group. Routine monitoring with ECG and pulse oximetry were used. Intra-arterial blood pressure was measured and recorded continuously using a 20-gauge catheter placed in the radial artery. Heparin (5000 U) was administered intravenously 3 minutes before CC of the carotid artery. Activated clotting time was used to monitor heparin treatment with the aim of a value above 200 seconds and an additional dose was administered when necessary. A standard longitudinal endarterectomy was performed in all patients with primary or patch closure of arteriotomy, depending on the arterial diameter and the surgeon’s preference. Our strategy to use shunting is when NIRS values drop 20-25% from baseline or when the clamp time is anticipated to be long due to the anatomy of the patient and the carotid lesion. Clamp time is the duration from the start of internal carotid artery clamping to the removal of this clamp and operation time is the duration from the start of carotid surgery skin incision to the closure of this incision. In patients with concomitant coronary artery bypass grafting, CEA procedure was completed before cannulation for cardiopulmonary bypass. 

  Initially, patients’ blood pressure was regulated and kept within normal limits and hypertension was avoided. After CC of the carotid artery, NIRS at first minute was measured and then systolic blood pressure was increased above 150 mmHg and vasoactive medications were used, if required. Ephedrine was used as the preferred vasoactive medication [9]. After CC was removed, blood pressure was regulated to keep it within normal limits. Patients were extubated after the return of spontaneous respiration and were transferred to the intensive care unit for follow-up on the first night. All patients were on dual antiplatelet therapy, with 75 mg of acetylsalicylic acid and clopidogrel, in the postoperative period.

  NIRS Measurements

  Continuous bilateral rSO2 measurements were performed using a Masimo Cerebral Oximeter (Masimo Corp, CA, USA), by 2 sensors placed on the forehead. NIRS values from both hemispheres were recorded simultaneously at certain time points and were compared with each other to evaluate the changes at different stages of operation as follows: before the start of the operation, when the patient was awake, after the patient is asleep just before incision, at the first minute of CC of carotid artery, just after increasing blood pressure, every 5 minutes after CC, after removal of CC and when the patient is awake and extubated. All these values were compared ipsilaterally with each other (right NIRS vs. right NIRS) and also right and left NIRS values were compared with each other at each time point. 

  Statistical Analysis

  Statistical analysis was performed with IBM SPSS software version 20 (IBM, Armonk, NY, USA). All data are presented as mean ± standard deviation for continuous variables, as numbers with percentages for categorical variables. The Shapiro-Wilk test was used to evaluate the normality of variable distribution. In the comparison of two independent groups, the Student’s t-test was used for numerical variables with normal distribution. The correlations of systolic, diastolic and mean pressures with NIRS at different time points were investigated using Pearson’s correlation coefficient and Bland-Altman analysis. A P value of 0.05 or less was considered significant.

   

  RESULTS

  Patient Characteristics

  A total of 50 consecutive patients who underwent CEA under general anaesthesia between October 2018 and September 2019 were prospectively included in the study. Data for all patients were collected prospectively and were complete. The mean age was 69.04±6.6 (range, 54-82 years) and most patients had a risk factor for atherosclerosis (Table 1). Most patients had CEA for symptomatic carotid disease (stroke, 38% or transient ischemic attack, 20%), as shown in Table 1. Concomitant coronary artery bypass grafting was performed in 6 (12%) patients. 
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  Perioperative Data

  All patients underwent either right (44%) or left (56%) CEA under general anaesthesia. In 18 patients with bilateral lesions, a left CEA was performed in most patients (14). Primary closure of the arteriotomy was preferred in most patients (78%) and shunt was not used in any patient. Postoperatively, there was transient hemiparesis in 1 patient and local hematoma of the surgical site was observed in 4 patients, 2 of whom required re-exploration. The patient with transient hemiparesis underwent left CEA and woke from anaesthesia with right-sided hemiparesis that lasted 2 days. At the time of operation of this patient, NIRS values showed a decline of about 25% from baseline 5 minutes after clamping, but it was not possible to insert a shunt due to anatomical problems. The CT scan of this patient showed no pathology and the patient was discharged without any neurological deficits. There were no major stroke, nerve injury or death in any other patient. Surgical and early postoperative data are summarized in Table 2. 
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  NIRS Assessments

  NIRS values of the right and left hemispheres were compared with each other and were not different from each other at any of the time points (Table 3). We also analyzed these differences in patients with either right, left or bilateral lesions and could not find any difference at any time point, so we did not present them in the table to simplify the interpretation of results. 
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  NIRS values were observed to drop significantly from pre-incision values just after CC of carotid artery in both hemispheres (P=0.005 for the right side and P<0.001 for the left side). At this point, blood pressures were being regulated to keep them within normotensive limits. Systolic blood pressures increased above 150 mmHg and NIRS values were observed to increase immediately and were comparable to values before intubation and incision, as seen in Table 3. At the 5th minute after CC, NIRS values were observed to fall from the values in systolic blood pressures of 150 mmHg (P=0.8 for the right side and P<0.001 for the left side). However, they increased and were stable after 10 minutes of CC of carotid artery. In Table 3, 15-minute values were given as representative of these similar and stable values. 

  Although NIRS values decreased significantly after CC, in only six patients they dropped to more than 20% of baseline values. Three of these patients underwent right CEA, 3 underwent left CEA and only 1 had bilateral lesions. The decrease in NIRS values was observed ipsilateral to CEA in all. In 5 of these patients, after the increase in systolic blood pressure levels, NIRS values increase to levels above 80% of the initial measurements. In 1 patient, NIRS level remained low, but due to technical reasons, it was not possible to insert a shunt and this was our only patient with postoperative transient hemiparesis. 

  After completing the procedure and removing CC of carotid arteries, NIRS values increased to pre-incision levels. When compared to preoperative awake values, postoperative awake values did not increase significantly on the right side, but were found to be increased on the left (P=0.02). 

  Correlation of NIRS values with blood pressure indices at different time points was evaluated to assess if hemodynamic changes are more effective at any stage of the operation. Right- and left-sided NIRS values were well correlated with systolic, diastolic and mean blood pressures when the patient is asleep and intubated (Figures 1 and 2). When patients were awake or when carotid artery was clamped during surgery, the correlations were not statistically significant. 
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  DISCUSSION

  Cerebral oximetry measures the ratio of oxygenated hemoglobin to total hemoglobin and the results can be influenced by many factors, including head position, mean arterial pressure, systemic arterial blood oxygen saturation and partial pressure of carbon dioxide, hemoglobin concentration, brain tissue oxygen consumption, and intracranial pressure [10]. Nevertheless, it has been used as a reliable and safe substitute for traditional brain monitoring techniques. Wang et al. [11] found that the sensitivity and specificity of NIRS monitoring for intraoperative hypoperfusion were 64.3% and 90.0%, resulting in a strong consistency with transcranial Doppler ultrasonography monitoring results. Jonsson et al. [5] compared stump pressures and NIRS measurements in CEA operations in terms of shunt placement and reported that NIRS monitoring has a high sensitivity and acceptable specificity in predicting cerebral ischaemia and can be an attractive alternative for stump pressure measurement. One of the major advantages of NIRS monitoring is the spontaneous observation of the changes in cerebral oxygenation in accordance to changes in cerebral circulation. These properties, along with its ease of use, rendered NIRS monitoring a very suitable tool for this study, because it was possible to assess spontaneous changes in cerebral oxygenation in response to hemodynamic changes. 

  In our institution, carotid operations are performed under either general or local anaesthesia with sedation. There are many factors affecting NIRS values as mentioned above and most of these, such as oxygen saturation and partial pressure of carbon dioxide in systemic arterial blood, as well as blood pressure can be easily controlled under general anaesthesia. Therefore, patients undergoing CEA under general anaesthesia created a homogenous group to analyze mostly the effects of hemodynamic changes on NIRS and were specifically selected for this study. Further studies including patients undergoing surgery with local anaesthesia may be performed and may give further insight about the cerebral oxygenation during various stages of carotid surgery in different patient groups. 

  In this study, NIRS values were only found to be correlated with blood pressure indices when the patient was under general anaesthesia (Figures 1 and 2). This is an important finding that shows that regulatory mechanisms of cerebral blood flow are less effective and cerebral oxygenation is more dependent on hemodynamic changes in patients under general anaesthesia. It is not possible to compare this result with any other, since there are no studies in the literature that evaluate the effects of hemodynamic parameters on cerebral oxygenation by any methods of cerebral monitoring. This study is unique in this regard and may lead to future studies that use and compare different methods of cerebral monitoring to assess factors affecting cerebral oxygenation in patients with carotid disease undergoing any surgery under general anaesthesia. 

  A time-honored approach to maintain cerebral perfusion during CC of the carotid artery is to increase mean arterial blood pressure, usually by 20% or systolic blood pressure above 150 mmHg. Although this is a general discussion point among surgeons, there are no studies in the literature that quantitatively assess the effect of increased blood pressure on cerebral perfusion during carotid artery clamping. This study showed that initial decrease in NIRS values after CC was restored by increasing systolic blood pressure above 150 mmHg (Table 3). This suggests that blood pressure has an influence on brain oxygenation whereas NIRS values did not correlate with blood pressure indices after CC of the carotid artery in our analysis. This may be because systolic blood pressures were kept stable and around 150-160 mmHg in all our patients from this time until the removal of carotid clamp. Since there are no comparable studies, this may be evaluated in another study without strict control of blood pressure after CC of the carotid artery.

  There was a second decrease in the NIRS values on the left side 5 minutes after clamping, which increased in a very short period and remained so till the clamp was removed. These values are all analyzed on a minute basis and the representative values are presented in Table 3. They remain stable afterwards at stable blood pressures, which suggests that local regulation of cerebral blood flow may also have a role. The reason for observing this only on the left side is difficult to interpret, but it may be the result of more patients undergoing CEA on the left carotid artery.

  Although this study showed a positive relationship between hemodynamic parameters and NIRS values, the clinical implications of these findings are still controversary. Percent changes in NIRS values after CC of carotid artery and increased blood pressures were relatively small in our study. The cut-off value of NIRS varies among different clinical settings. Although a 12% decrease in rSO2 was reported to have a higher sensitivity, specificity, and predictive values than a 20% decrease in rSO2 [12], it was recently agreed that more than a 20% decrease in rSO2 compared to the baseline value indicates a need for intervention [13,14] and could be considered as a cut-off value to indicate cerebral ischemia [15]. We observed a decrease in NIRS values of more than 20% in 6 patients and in 5 of them this percentage decreased to less than 20% after increasing blood pressure and in the remaining patient we observed a neurological complication. Although our numbers are low to achieve a statistical significance, we can suggest that decreased NIRS values may indicate a neurological complication if they remain below 20% of baseline values after the increase in blood pressure.

  Another finding in the present study was the correlation of the right- and left-sided NIRS values with each other, regardless of the side of the lesion. This was true for all time points of measurement, including those after clamping. Moreover, 18 patients with bilateral lesions showed similar pattern of NIRS changes to the patients with unilateral lesions (e.g. right- and left-sided NIRS in those with bilateral lesions; at incision, 60±7.5 and 62.3±7.1; after CC of the carotid artery, 56.1±7.6 and 56.2±7.6). Only in those patients with more than 20% decrease in NIRS values, the decrease was ipsilateral to the clamped carotid artery in all. It is possible that this decrease occurs in patients with problems of intracerebral circulation and in patients with an intact circle of Willis, the cerebral oxygenation is affected bilaterally or globally after clamping one side, regardless of the side. An anatomical study with a larger number of patients that includes screening the completeness of circle of Willis is necessary to prove this finding. 

  One important shortcoming of this study is the relatively small number of patients. Since the number of postoperative neurological complications is very low, it is also not possible to interpret the full clinical implication of our findings. Moreover, there are no similar studies to compare our results, which on the other hand makes the study unique. Authors are also aware that NIRS monitoring has its shortcomings and the results may be affected by many factors, as stated. However, this is a preliminary study with important results and we believe it will lead to further studies to assess the factors affecting cerebral oxygenation during carotid endarterectomy and their clinical implications.

   

  CONCLUSION

  As an acceptable monitoring tool during CEA, NIRS values show a correlation between hemodynamic changes and cerebral oxygenation. This effect is especially pronounced while the patient is asleep and intubated, which implicates the importance of close monitoring of patients with cartotid disease during any surgery that requires general anaesthesia.
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    ABSTRACT

    OBJECTIVES: 

    Bicuspid aortic valve (BAV) is an important aetiology of aortic stenosis and the use of transcatheter aortic valve implantation (TAVI) has not been fully explored in this cohort. This systematic review and meta-analysis compared the outcomes of TAVI in stenotic BAV against tricuspid aortic valve (TAV).

    METHODS: 

    An electronic literature search was performed in PubMed, MEDLINE, EMBASE, and Scopus to identify all studies comparing TAVI in stenotic BAV versus TAV. Only studies comparing TAVI in BAV versus TAV were included, without any limit on the study date. Primary endpoints were 30-day and 1-year mortality, while secondary endpoints were postoperative rates of stroke, acute kidney injury (AKI), and permanent pacemaker (PPM) requirement. A trial sequential analysis (TSA) was performed for all endpoints to understand their significance.

    RESULTS: 

    Thirteen studies met the inclusion criteria (917 BAV and 3079 TAV patients). The BAV cohort was younger (76.8±7.43 years vs. 78.5±7.12 years, P=0.02), had a higher trans-aortic valve gradient (P=0.02), and larger ascending aortic diameters (P<0.0001). No significant difference was shown for primary (30-day mortality [P=0.45] and 1-year mortality [P=0.41]) and secondary endpoints (postoperative stroke [P=0.49], AKI [P=0.14], and PPM requirement [P=0.86]). The BAV group had a higher rate of significant postoperative aortic regurgitation (P=0.002). TSA showed that there was sufficient evidence to conclude the lack of difference in PPM requirements, and 30-day and 1-year mortality between the two cohorts.

    CONCLUSION: 

    TAVI gives satisfactory outcomes for treating stenotic BAV and should be considered clinically.

    Keywords: Valvular Heart Disease; Bicuspid Aortic Valve; Transcatheter Aortic Valve Implantation; Meta-Analysis.

  

   

   

  INTRODUCTION

  Transcatheter aortic valve implantation (TAVI) is a well-established treatment strategy in patients with severe symptomatic aortic stenosis with high surgical risk for conventional aortic valve replacement[1,2]. However, this recommendation was based on clinical trials that excluded patients with bicuspid aortic valve (BAV)[1,2], a common cardiac anomaly present in 0.5-2% of the general population and associated with the development of aortic stenosis (AS) requiring intervention[3]. Generally, patients with BAV have larger annular dimensions, may have variable coronary anatomy, more calcified, bulky and irregular aortic valve leaflets, and altered aortic geometry and blood flow[4,5]. These differences can complicate the accurate device delivery and apposition of the prosthetic valve during TAVI[6-8]. However, outcomes of TAVI in patients with BAV using new-generation valves have shown promising results, with less paravalvular leak and better postprocedural outcomes than early-generation valves[9-11]. A significant number of centres around the world have also started performing TAVI on stenotic BAV patients. This systematic review and meta-analysis thus sought to thoroughly examine the literature to compare the outcomes of using TAVI in BAV replacement.

   

  METHODS

  This systematic review and meta-analysis was reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement, and was conducted according to The Cochrane Handbook for Systematic Reviews of Interventions[12,13]. Electronic searches were performed on PubMed, Scopus, MEDLINE, and EMBASE from their inception up till October 2019 to identify all publications that reported the use of TAVI in patients with BAV. ClinicalTrials.gov was also searched to identify ongoing or unpublished clinical trials. The search string used was "TAVI" OR "valve implantation" OR "percutaneous" AND "bicuspid valve" OR "bicuspid aorta" OR "bicuspid aortic valve" OR "aortic stenosis". Reference lists of identified papers were searched manually to identify other eligible studies. 

  Inclusion and Exclusion Criteria

  Only studies written in English comparing TAVI in at least five patients with stenotic BAV and tricuspid aortic valve (TAV) were included. Non-comparative studies, studies with less than five patients, and studies including re-do valve-in-valve, tricuspid valve or aortic regurgitation were excluded. Articles were screened by three reviewers (JSKC, PE, LHT). All selected articles were systematically assessed with inclusion and exclusion criteria. Conflicts over inclusion were resolved by an independent reviewer (AH). All included studies were critically appraised using the Newcastle-Ottawa Scale. 

  Data Extraction and Reported Outcomes

  Summary estimates were manually extracted by three reviewers (SS, PE, LHT). When there were duplicate data, only the most updated data were included. Conflicts over data extraction were resolved by an independent reviewer (JSKC). Primary endpoints included 30-day and 1-year mortality. Secondary endpoints included post-operative stroke, AKI, and need for permanent pacemaker (PPM) implantation. Other baseline, operative and post-operative characteristics were also extracted. 

  Statistical Analysis

  Risk ratio (RR [95% confidence interval (CI)]) or weighted mean differences (WMD [95% CI]) were used as summary measures for primary endpoints. Random effects model was used with the Mantel-Haenszel test or inverse variance analysis, as appropriate. Heterogeneity was assessed by the chi-square test and the I2 statistic, for which values >0.40 were considered to imply significant heterogeneity. Sensitivity analysis was performed by removing studies individually from the analysis. 

  Trial sequential analysis (TSA) was performed on all outcomes using a combination of sample size and event size. O'Brien-Fleming α-spending function was used to adjust the Z-score threshold. Studies with 0 events were handled by adding a constant (1) to both the intervention and control arm. Required information size was estimated from all included studies reporting the analysed variables and incidences calculated from included patients, with a permissible two-sided type 1 error of 5% and type 2 error of 20%. TSA was performed using the Copenhagen trial unit TSA software version 0.9.5.10 beta. 

  All P-values were 2-sided, with P<0.05 considered significant. Statistical analyses were performed using Review Manager V.5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) and SPSS software version 25.0 (IBM Corp, Armonk, New York, USA).

   

  RESULTS

  Eight studies were deemed eligible for inclusion in this meta-analysis (Figure 1)[14-21]. The studies were excluded due to the lack of reports on TAV and BAV cohorts in the same article, in case series with less than 5 patients or in single cohort studies. The articles represented a total of 3996 patients (917 with BAV and 3079 with TAV, Table 1). An electronic search on ClinicalTrials.gov also identified one relevant single-blinded randomized controlled trial. The study is expected to be completed in 2023 (ClinicalTrials.gov identifier: NCT02541877). Results of the critical appraisal by the Newcastle-Ottawa Scale were summarized in Table 2. Each asterisk represents 1 point, with ≥7 out of 9 points unlikely to have a significant risk of bias. The assessment results showed that all studies were unlikely to have a significant risk of bias. 
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  The baseline characteristics were summarized in Table 3. The BAV cohort was significantly younger (WMD -0.89 years [-1.60 years, -0.17 year], P=0.02), and had a higher trans-aortic valve gradient (WMD 1.73 mmHg [0.31 mmHg, 3.16 mmHg], P=0.02), and a larger ascending aortic diameter (WMD 3.92 mm [3.02 mm, 4.83 mm], P<0.0001). All other baseline characteristics were not significantly different.
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  Operative outcomes were summarized in Table 4 and postoperative outcomes in Table 5. All primary and secondary outcomes were not significantly different and did not have significantly heterogeneous data. These included postoperative stroke (RR 1.22 [0.69, 2.14], P=0.49; I2=0, chi-square=3.29, P=0.86; Figure 2), AKI (RR 1.78 [0.83, 3.85], P=0.14; I2=0, chi-square=0.39, P=0.82; Figure 3), PPM requirement (RR 0.98 [0.82, 1.18], P=0.86; I2=0, chi-square=6.96, P=0.43; Figure 4), 30-day mortality (RR 1.17 [0.78, 1.73], P=0.44; I2=0, chi-square=2.11, P=0.95; Figure 5), and 1-year mortality (RR 0.89 [0.68, 1.17], P=0.41; I2=0, chi-square=3.90, P=0.42; Figure 6). However, the BAV cohort had considerable higher rates of significant aortic regurgitation (more than grade 2) postoperatively (RR 1.53 [1.17, 1.99], P=0.002). All other operative and postoperative outcomes were not significantly different. Sensitivity analysis revealed that the individual removal of studies from the analysis would not affect the statistical significance of the meta-analytical results of any variable.
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  TSA was performed for 30-day mortality, 1-year mortality, PPM requirement, and postoperative stroke. For 30-day mortality (Figure 7), 1-year mortality (Figure 8) and PPM requirement (Figure 9), the cumulative Z curve of the study data crossed the futility boundary and/or the trial sequential monitoring boundary, indicating that the meta-analysis of these variables was conclusive. However, the cumulative Z curves for postoperative stroke (Figure 10) did not cross any of the boundaries, indicating that meta-analyses of these variables were inconclusive, and further studies were required. TSA was not possible for AKI due to the small sample and event sizes.
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  DISCUSSION

  TAVI has not been fully explored in patients with BAV, and the latest guidelines did not fully support the use of TAVI in BAV patients[22,23]. We thus evaluated the existing evidence for the safety of TAVI in stenotic BAV compared to that in TAV. In this study, a total of eight articles with 917 stenotic BAV and 3079 stenotic TAV patients were meta-analysed. We showed no significant difference in primary and secondary outcomes, including AKI, PPM requirement, stroke, and 30-day mortality. TSA results confirmed that 30-day and 1-year mortality, as well as PPM requirements, were not significantly different between BAV and TAV, while more evidence was required for stroke. As such, TAVI is largely safe for clinical use in stenotic BAV patients.

  However, BAV was associated with a considerable higher rate of significant aortic regurgitation postoperatively (P=0.002). It should be noted that if studies that started recruitment before 2012 were excluded, i.e. Bauer et al.[15], Kochman et al.[17] and Yoon et al.[21], the difference in the rates of significant postoperative aortic regurgitation would become statistically insignificant (RR 1.31 [0.67, 2.54], P=0.43; I2=0, chi-square=0.33, P=0.85). This reflected that there was a learning curve for TAVI and the inclusion of older, earlier procedures skewed the data-in fact, Yoon et al.[21] included procedures performed as early as 2005. A plot between the year of publication and the rate of significant postoperative aortic regurgitation showed a decreasing trend across the years (Figure 11). The idea of a learning curve for TAVI has been suggested by others and, therefore, having contemporary data is important[24,25].
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  Previous meta-analyses on the same topic were published by Takagi et al.[26] and Ueshima et al.[27]. Our results largely agree with these studies. Nonetheless, to the best of the authors' knowledge, this was the first meta-analysis to utilize TSA in evaluating TAVI in BAV versus TAV[28]. TSA builds on the simple fact that the conclusiveness of any evidence increases with the sample size studied, and that the stronger a true effect is, the fewer the number of subjects that need to be studied for the observed effects to be conclusive. TSA results are presented as plots: whenever the Z-score curve (blue line) crosses either the statistical significance boundary (outer oblique boundaries), the futility boundary (inner oblique boundaries), or the trial sequential monitoring boundary (vertical boundary), the results may be considered stable and conclusive. Our results justified further studies designed to evaluate postoperative stroke with adequate power. In fact, with almost 4000 patients included in comparative studies, TSA should be encouraged in subsequent meta-analyses to check if a definitive conclusion has been reached.

  This meta-analysis had several limitations. First, it was possible that the manual electronic search had lost articles eligible for inclusion in this study, as well as studies written in non-English languages. Second, late mortality (>1-year follow-up) could not be analysed since only 1 study (Yoon et al.[21] followed patients for more than 1 year with adequate data for analysis. These might mean that long-term data of TAVI in TAV were likely not extrapolatable to BAV patients. This is an important consideration for future studies.

  Third, subgroup analysis by the BAV subtype was not possible, as none of the included studies reported separate data by BAV subtypes. This has been considered a key parameter that should be assessed in preoperative imaging of BAV patients considered for TAVI. Similarly, subgroup analysis by the type of valve used was not possible due to studies including a mixture of different valves, often from different generations. Reporting outcomes by the type of valve could give a better understanding of whether the benefits of newer generation valves in TAV were applicable in BAV. These should be considered in future studies.

   

  CONCLUSION

  The use of TAVI provides satisfactory outcomes in stenotic BAV patients, largely comparable to those in stenotic TAV patients. Given the current literature, TAVI may be considered clinically for patients with stenotic BAV.
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    ABSTRACT

    INTRODUCTION:

    The primary aim of this systematic review is to provide perioperative strategies to help restore or preserve cardiovascular services under threat from financial and personnel constraints imposed by the coronavirus disease 2019 (COVID-19) pandemic.

    METHODS:

    The Medical Literature Analysis and Retrieval System Online, Excerpta Medica dataBASE, Cochrane Central Register of Controlled Trials/CCTR, and Google Scholar were systematically searched using the search terms “(cardiac OR cardiology OR cardiothoracic OR surgery) AND (COVID-19 or coronavirus OR SARS-CoV-2 OR 2019-nCoV OR 2019 novel coronavirus OR pandemic)”. Additionally, the webpages of relevant medical societies, including the World Federation Society of Anesthesiologists, the Cardiothoracic Surgery Network, and the Society of Thoracic Surgeons, were screened for relevant information.

    RESULTS:

    Whereas cardiac surgery and cardiology practices were reduced by 50-75% during the pandemic, mortality of patients with COVID-19 increased significantly. Healthcare workers are among those at high risk of infection with COVID-19.

    CONCLUSION:

    Hospitals must provide maximum protective equipment and training on how to use it to healthcare workers for their mutual protection. Triage management of patients — which accounts for patient’s clinical status and risk-factor profile relatable to which services are available during the COVID-19 pandemic — is recommended. A strict reorganization of the hospital resources including preoperative, intraoperative, and postoperative detailed protective measures is necessary to reduce probability of vector contamination, to protect patients and the cardiovascular teams, and to permit safe resumption of cardiological and cardiac surgical activity.

    Keywords: Covid-19; SARS-CoV-2; Pandemic; Cardiac Services; Health Strategies; Information; Medical Societies.

  

   

   

  INTRODUCTION

  The coronavirus disease 2019 (COVID-19) pandemic has made a global imprint that has left almost no one untouched. As of August 2021, over 215 million people are confirmed to have been infected with COVID-19, with more than 4.6 million deaths, resulting in national and regional lockdowns and other emergency contingency measures across the globe. It is probable that this understates the true level in view of relative isolation in many communities. In tertiary care centers around the world, since March 2020, many elective surgical procedures have been postponed or cancelled in large numbers, which leads to a backlog of nearly 30 million procedures in just 12 weeks. In low- and middle-income countries (LMICs), where surgical care delivery is already constrained by reduced availability of workforce, infrastructural capacity, geographical distance, and financial barriers, the COVID-19 pandemic may have even larger consequences.

  Cardiac teams attempting to perform surgeries are now facing an unprecedented challenge from COVID-19 infection’s effects on the cardiovascular system. Among the wide variety of threats to health, cardiovascular disease (CVD) is now the leading cause of death in the world and is responsible for nearly one-third of all global deaths. Since the year 2000, an increase in an individual’s lifespan has become evident, but one-third of CVD deaths have occurred in those aged between 30 and 70 years — the most economically productive section of a country’s community. In some locations, age-standardized CVD mortality rates showed a nearly six-fold higher level in 2019. In the African continent, CVD has become the leading cause of death for the first time in the history of the global disease estimates.

  Six billion people in LMICs lack timely or ready access to safe and affordable cardiac surgical care when needed; it has a low priority on the global public health and global surgery agenda[1]. Some major hospitals are now threatened with closure. The immense shortage of even rudimentary equipment for viral and general testing and clinical management, even at baseline levels, that was applied prior to the pandemic now severely limit the ability of cardiovascular teams to try to follow “gold standard” practices. Diversion of precious resources and funds from their programs is already taking place. For many, livelihoods have been upended and elective procedures suspended indefinitely; some are experiencing a reduction in pay to keep support staff and practices afloat while others are now receiving no revenue at all.

   

  METHODS

  Search Strategy and Selection of Sources of Evidence

  We conducted a systematic search of the Medical Literature Analysis and Retrieval System Online (or MEDLINE), Excerpta Medica dataBASE (EMBASE), Cochrane Central Register of Controlled Trials (or CENTRAL/CCTR), and Google Scholar using the combination of medical subject headings (or MeSH) and keywords “(cardiac OR cardiology OR cardiothoracic OR surgery) AND (COVID-19 or coronavirus OR SARS-CoV-2 OR 2019-nCoV OR 2019 novel coronavirus OR pandemic)”. Additionally, the webpages of the following medical societies were screened for relevant information: The World Federation Society of Anesthesiologists, the Cardiothoracic Surgery Network, the Society of Thoracic Surgeons COVID-19, Centers for Disease Control and Prevention (CDC), American Society of Anesthesiologists, Society of Critical Care Medicine, European Society of Cardiology (ESC), American College of Cardiology, and American Heart Association (AHA).

  Eligibility Criteria

  Only articles written in English that reported relevant aspects of perioperative management of patients with COVID-19 were included. Two reviewers (KP and AM) conducted the search independently and screened all article types for eligibility using their titles and abstracts. Duplicate and irrelevant articles were excluded. Articles that did not address the primary objective and those that were correspondences and editorials were also excluded.

   

  RESULTS

  Current Evidence

  COVID-19 is particularly important for cardiac and intensive care teams in LMICs:

    • Clinical infection with COVID-19 is associated with a higher morbidity and mortality in patients undergoing surgery[2].

    • COVID-19 may affect and impact on the previously healthy cardiovascular system and vital organs[3] (Figure 1).
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  • COVID-19 may cause symptoms that mimic symptoms seen in other pulmonary disease or CVD presentations[3].

    • Cardiac care team members are at risk for acquiring COVID-19, and it may play a role in spreading the disease between patients and within their communities[4].

    • Patients with congenital heart defects are known to have higher risk for complications with viral illness[5].

    • COVID-19 is having a profoundly negative impact on the care of patients with CVD[5].

    • Triage and prioritization of patients scheduled for cardiac interventions have already become necessary[6,7].

  Accomplishing Cardiac Surgery During the COVID-19 Pandemic

  Widely different situations are being faced now, especially in LMICs. Effects of the COVID-Pandemic on cardiac care in LMICs are summarized in Table 1.
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  Four major determinants that directly influence receiving surgical care are:

    • Accessibility to tertiary care.

    • Affordability by the hospital and patients who seek help.

    • A program’s current capacity.

    • Ensuring quality of service.

  Accessibility

  As a result of lockdowns and travel restrictions, cardiac centers have been less able to treat patients from other countries with little or no access to cardiac surgery.

  Some LMICs rely on only one or two centers for the entire country for tertiary care; these must now cope with a surge in COVID-19 infections nearby. Fear of being stigmatized or marginalized result in people seeking medical care late or in a critical condition. Misinformation and rumors about COVID-19 and vaccination are also keeping people away from hospitals when they are ill.

  Affordability

  Lockdowns, furloughs, dismissals, and reallocation of essential staff are resulting in reduced services in many sectors; millions of people worldwide have lost their jobs. In some cases, these measures have taken away the single source of income of individuals and their entire families. Government cutbacks in budget allocation per capita in LMICs have resulted in very limited financial support for tertiary care hospitals at this time of crisis. The lower surgical volume centers may inevitably suffer increased procedural costs due to lower turnover and increasing overhead costs. The reduction in visits by international visiting teams has reduced the number of philanthropic (subsidized) cases. Reports of patients dying on the waiting list are increasing; families are facing a worsening financial situation. Where patients have to pay for part of their in-hospital care (e.g., medications), surgery may become impossible to consider. The CVD burden is worsening and is continuing its decades-long rise for almost all low-income countries, doubling from 271 million to 523 million[8].

  Capacity

  The scarcity of health workers in LMICs has led to a shift of specialists to care for critically ill patients. Conversion of operating rooms (OR) and intensive care unit (ICU) beds has been carried out to handle rapid growth in complicated COVID-19 cases. Previously contracted supply sources and surgical donations have been curtailed by border closures and travel restrictions, reducing the availability of equipment and consumables. An elevated infection risk for health workers, especially those involved with invasive care, has become significant with COVID-19 and may shift health workers from disease curers to vectors.

  Quality of Service

  In some instances, the loss of the lead cardiac surgeon and other essential team members in LMICs has forced closure. The unique pathophysiological impact of COVID-19 has led to worse outcomes among COVID-19-positive patients, both for those infected before and after their operations. Reports are highlighting respiratory and coagulopathic complication rates after cardiac surgery as a result of COVID-19 infection, and some of these have produced a fatal outcome. There is still limited knowledge of the exact outcomes for patients undergoing different cardiac surgical procedures and how specific risk factors may affect outcomes.

   

  DISCUSSION

  Recommendations to Adopt

  Adjusted Management of Cardiac Surgery in LMICs

  Although our understanding of many features of COVID-19 are changing weekly, several medical societies have made recommendations for those in advanced centers[9,10].Many of these advisory statements are applicable in LIMCs.

  Triage of Cardiac Surgical Patients with Known/Suspected COVID-19

  Several authoritative bodies have offered guidelines and recommendations on how to conserve resources and triage patients who need more urgent care[6.7]. Clinical management of all chronic cardiac conditions is changing substantially. ESC has issued a guidance document on how to prioritize management in patients with cardiac conditions[10]. Patients with acute coronary syndrome (ACS), left main percutaneous coronary intervention, pacing battery replacement, and valvular heart diseases that are hemodynamically unstable should be considered emergent and should not be postponed.

  Reduce Caseload

  As hospitals become increasingly populated with either suspected or confirmed COVID-19 patients, separation of cardiac patients is needed with no staff crossover, to minimize risk of nosocomial infection. As a short-term measure, reducing the number of cardiac surgical procedures will help those needing ICU care for other reasons: vital equipment resources, ICU beds, ventilators, pharmaceuticals, personal protective equipment (PPE), and repurposing staff with advanced skills will be more available. A negative consequence is the risk of losing essential staff. Cardiac surgery requires a dedicated team of uniquely skilled individuals (cardiac OR scrub and circulators, perfusionists, cardiac anesthesiologists, and perioperative caregivers). Utilizing these individuals for non-essential operations or placing them elsewhere may increase their chances of COVID-19 exposure, and it will reduce their availability for future more urgent cardiac procedures that do arise.

  Managing the New Caseload Reduction

  A cardiac surgery acuity scale builds upon the widely accepted ACS Elective Surgery Acuity Scale by accounting for inpatients that require urgent or emergent treatment. It is worth implementing[6,7,11]. In addition to Tier 1 to 3 for elective interventions, the cardiac surgery acuity scale includes:

    • Tier 4a: urgent surgery required to permit safe hospital discharge.

    • Tier 4b: urgent surgery required within 24 to 48 hours to prevent clinical deterioration.

    • Tier 5: emergent surgery required to prevent immediate death.

  Use of a Medically Necessary, Time-Sensitive (MeNTS) Score

  A scoring system for MeNTS procedures can facilitate decision making and triage in the setting of COVID-19, as recommended by Prachand et al.[12].

  They describe a scoring system that integrates factors, such as resource limitations and COVID-19 transmission risk, to providers and patients to guide triage for MeNTS procedures and weigh individual patient risks.

  Evaluating Any Cardiovascular Effects of COVID-19

  While severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) most commonly affects the respiratory system, some patients experience cardiovascular effects with and without symptoms[13]. Both effects may be evident in some patients who have pre-existing cardiac disease[14]. If available, myocarditis can be identified by cardiac magnetic resonance imaging (MRI)[15]. Elevated troponin levels or electrocardiogram (ECG) abnormalities were found in 7% to 28% of hospitalized patients with COVID-19 and were associated with poor outcomes[14].

  Managing Patients with COVID-19 and Elevated Troponin Levels

  The European Association of Percutaneous Cardiovascular Interventions (EAPCI) position is recommended here — they issued a position statement on invasive management in patients with ACS during the COVID-19 pandemic[16].

  The EAPCI recommends that in cases of mild troponin elevation (< 2-3 times the upper limit of normal), particularly in older patients with pre-existing cardiac conditions, a work-up for type-1 myocardial infarction is not indicated, unless strongly indicated by clinical presentation and ECG findings.

  Managing Myocardial Injury in COVID-19 Patients

  Current guidelines proposed by Caforio et al.[15] for the treatment of viral myocarditis are applicable in most settings, they include the use of standard heart failure therapies and supportive measures. An position statement of the European Society of Cardiology Working Group on Myocardial and Pericardial Diseases remains helpful in clinical management[15].

  Selective use of prednisolone has shown benefit in some case reports, however, there is insufficient evidence to support the routine use of such steroids in these patients, which may also cause harm.

  COVID-19 infection has now clear association with abnormalities in blood clotting. Anticoagulation treatments to stop clotting could be beneficial though evidence to date is not based on wide analysis nor beyond observational studies.

  We recommend follow-up review in patients who exhibit structural and functional abnormalities, they should have an echocardiogram 1-3 months after discharge and then monitored for a minimum of six months, with heart failure therapy tailored to damage observed and recovery delays. Monitored exercise testing may also be required and determined according to future employment type.

  Other Forms of Heart Disease Adversely Affecting Outcome in LMICs

  Rheumatic heart disease (RHD) regularly affects the poorest countries and their communities, posing potential complications from COVID-19 because of their links with cardiac health and functioning. Around 33.4 million people worldwide have been estimated to be suffering from rheumatic fever and ensuing RHD. At present, data is not fully available about the vulnerability of patients with RHD and the impact of COVID-19 infection. RHD patients may have left chamber dysfunction of the heart or elevated pulmonary pressure which may predispose them to complications of COVID-19.

  Managing Chagas Disease During the COVID-19 Pandemic

  Chagas disease, caused by a tropical parasite, affects around 6 million people. It may affect the heart in some patients. Those with Chagas disease should follow the same recommendations as the general population[17].

  Preoperative Surgical Screening and Work-up

  Socioeconomically deprived patients require clinicians to be especially sensitive to the issues they face. Low socioeconomic status stands alone as an important risk factor for total mortality independent of any other risk factors. Lockdown, loss of job, spousal tensions and/or abuse, threat of dying on waiting list, threat of hospital closure, poor access to food, unavailability of essential medications, evolving mental health issues, fear of disease that may be spread within a hospital, and fears surrounding their perception of operative outcome are common. Viral infections are now also viewed as independent risk factors for cardiovascular events such as heart attack.

  An essential part of clinical history-taking and examination by the cardiologist is the harmonious and disarming relationship that should be built within the first five minutes to reduce the reasonable anxiety of the patient.

  Show one’s face on first greeting the patient, using appropriate distance or screen protection, should help. Hiding behind the mask and denying any physical contact obstructs that vital interaction — especially in children or young adults. During interview in the clinic, a workable compromise is to wear an N-95 mask and clear face-shield, then briefly pull the mask down to show one’s face before continuing the interview (and on completing it).

  To perform perioperative echocardiography with pre- and post-comparisons (extending to three, and six months when indicated) may help demonstrate diffuse myocardial dyskinesia and pericarditis in COVID-19 suspected cases.

  Complete COVID-19 testing close to the planned operative date (preferably < 48 hours) helps to lessen the risk that a patient becomes positive while waiting for a surgical procedure.

  It is recommended to avoid emergency surgical procedures during off-duty hours, when possible, due to limited team staffing and the potential lack of optimal specialty-specific expertise.

  On the day of interview, the patient’s pulmonary function should be assessed before surgery to assist with decisions about planning later separation from the ventilator postoperatively. Over 12% of COVID-19 patients may not develop a fever at first evaluation, nor at admission, nor be symptomatic until several days postoperatively[18]. Patients should be advised that undergoing surgery with perioperative or recent SARS-CoV-2 infection appears to be at increased risk of postoperative venous thromboembolism compared with patients with no history of SARS-CoV-2 infection.

  If possible, a family relative should be selected by patients to be the only family member to accompany them to the hospital and be available throughout the perioperative period.

  For both pediatric and adult patients, timing of and reducing the number of clinic visits helps avoid unnecessary exposure to other patients and the associated stress factors that may be present. A single evaluation performed by the cardiologist and respiratory therapist (RT) preoperatively at 12-14 days before surgery can help support a pre-admission assessment that yields most information. This should include standard COVID-19 testing, preoperative blood panel, temperature, chest X-ray, and respiratory and echo-cardiological assessments. Pre- and post-comparisons following operation may help demonstrate diffuse myocardial dyskinesia and pericarditis in COVID-19 suspected cases. The role of the RT is vital — in one report, patients with COVID-19 infection on ventilators developed more barotrauma than patients who required intubation for other reasons.

  It is vital to ensure that essential PPE items are well stocked before surgical planning takes place.

  The institution must have consistent locally constructed policies for staff, patients, and their relatives to follow and develop locally relevant teaching protocols for perioperative COVID-19 preventative measures, including nosocomial causes.

  Decisions about the timing of performing elective surgery carry with them the uncertain knowledge that a patient has not already been exposed with COVID-19 in the interim period between evaluation and surgical admission. Family members may unwittingly be the cause. Sethuraman et al.[19] (Figure 2) have illustrated the difficulty in the best timing of testing and capturing COVID-19 patients or excluding those who may be asymptomatic or symptomatic from non-COVID-19 causes.
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  In performing preoperative evaluations, there is shared symptomatology among COVID-19 disease presentations and other diseases. Those with CVD may be of older age, have diabetes, obesity, and hypertension and other diseases which are endemic to the region. Diseases caused by vectors may cause similar symptoms and signs and may also produce hemorrhagic changes making differential diagnosis more difficult. The now familiar COVID-19 cardiovascular symptoms of chest pain or palpitations, brain fogginess, headaches, and postural orthostatic tachycardia syndrome may also be present in those with cyanotic congenital heart disease, post-rheumatic valve, or ischemic heart disease. A clue to supporting a COVID-19 diagnosis is anosmia/dysgeusia (loss of smell or taste) which may be accompanied by other symptoms (cough, fever, dyspnea, musculoskeletal symptoms of myalgia, joint pain, fatigue, and varied gastrointestinal symptoms).

  Enquiring about perceptions of measured distance walking in older adults may also help give information on oxygen saturation changes (with COVID-19 infected patients, this may drop precipitously with exertion).

  On admission, the RT should manage the preoperative and postoperative care during the ICU stay. This strategy may not capture all those already infected with COVID-19, those who were exposed just prior to admission, or those who may later infect others, but it may reduce the number of people exposed.

  If no test kits are available, it is safest to assume that the patient is infected and, if at all possible, continue separating the patient from other perioperative patients. If tests kits are available and the patients test positive for COVID-19, they are best moved to an area separate from other perioperative patients.

  Nurses caring for patients diagnosed with COVID-19 or suspected to be infected should not take care of non-infected patients.

  In choosing who to operate on after first ensuring availability of a large stock of essential disposables and determining urgency of the procedure, we recommend prioritization as suggested by Stephens et al.[20].

  In prioritizing patients, consideration to comorbidities and likely time requiring ventilatory support is important.

  Telemedicine techniques should be used where possible. The development of telemedicine adjuncts via Zoom, Facetime, Skype, WebEx, Doximity, and other similar platforms are a welcome technological advance that make it possible for doctors and healthcare personnel to be more accessible to patients and their questions, and yet remain safe. For resource-poor locations struggling to develop their programs, however, internet access may not be easily available or reliable and may not have the bandwidth to support these platforms. Many patients in poor and remote locations may not have access to a computer or cellphone (except flip-up phones, that are sometimes provided by their employers).

  COVID-19 preventative measures are sometimes difficult to teach remotely; the availability of hand-sanitizer may be limited, and hygienic bathroom facilities may be lacking. In resource-poor hospitals, lavatories may lack daily cleaning routines, antiseptic soap, and paper; their design features may encourage fomite transmission. The situation is usually worse in towns, bus stations, and other typically crowded areas so contamination levels can easily rise. People vary in their perception of how a virus can afflict an individual. The precautions of wearing masks and frequent hand washing may not be strictly observed nor presented as a required routine, and facilities are, in any case, less available there. International recommendations developed by the World Health Organization and followed in many individual centers of excellence should be implemented when possible to prevent an increase in infection among patients and colleagues[21].

  The priority is for doctors and other healthcare leaders to model their practice by example, and to use media and press releases to promote them.

  Addressing Issues Inside the Hospital Operating Room

    • Modern designs for laminar flow delivery which include regularly inspected and changed filters may not be available in LIMCs. In subtropical and tropical regions, a fan perched in the corner of the OR or ICU is sometimes used in an effort to decrease the room temperature to make working conditions more tolerable. It will, however, disperse contaminated droplets throughout a room.

    • If possible, modifying the OR suite to allow foot or elbow-operated sliding doors guarding entry into the OR may reduce the fan effect of ordinary door opening. Currents of air can increase if outside corridor windows and doors are left open. Air purifiers or cleaners with a high-efficiency particulate air (HEPA) filter are necessary to remove viruses: they are more than 99.7% efficient. In a study of a hospital room occupied by two COVID-19 patients at the University of Florida Health, HEPA filters were attached to air sampling devices. Although SARS-CoV-2 ribonucleic acid was found in many of the patients’ exhaled air samples, it was absent in emergent air that had passed through the HEPA filters — suggesting that these devices do block the pathogen effectively[22]. Purifiers that are marketed locally should exhibit a clean air delivery rate (CADR) to which some countries require certification. It defines how quickly a purifier can rid the air of specific types of particles, including dust and smoke — which may be roughly in the same size range as aerosols bearing SARS-CoV-2. A HEPA purifier with a CADR score of 300 would clear 99% of particles from a room measuring 10 by 10 by 10 feet.

    • Relevance: The vapor of the exhaled breath, sneezes, and coughs can project an aerosol missile of droplets up to 10 feet; existing air circulation, room temperature, and humidity level can extend that distance even further. The locally moist and warm atmosphere within the gas cloud allows virus-containing droplets to evade evaporation for longer than with isolated droplets. Under these conditions, the lifetime of a droplet can extend by a factor of up to 1000, from a fraction of a second to minutes[22]. They may stay suspended in the air for hours or fall onto equipment, depending on the airflow patterns or type of ventilation available. In laboratory-created respirable-sized aerosols, Fears et al.[23] reported that the virus could retain infectivity for up to 16 hours. The impact of COVID-19 transmission is teaching us that our tendency to wander in and out of the OR and into the ICU — or outpatient area (and sometimes, into our car to go to the supermarket and home in our scrubs) — is a dangerous habit that should not continue[24].

    • Each team member should check if the mask they chose to use is adequate, whether or not they should come into work if symptomatic from any cause, and whether or not PPEs are available to them on arrival.

    • Gowning up: The close physical space within which the surgical team operate on the heart patient may require a change in practice to follow the example of gowns and hoods worn by orthopedic teams during joint replacement. The exception to that is the requirement of loupe magnification glasses and headlights which cannot be easily used within a plastic visor.

    • Fresh gowning upon entering the ICU is important and changing out of scrubs upon leaving the ICU or the OR may become the norm, even though it is inconvenient and requires extra stocks of PPE.

    • Respiratory treatments: In perform aerosol-generating procedures (AGPs) in confirmed or suspected COVID-19 patients, practice enhanced droplet/contact precautions, including an N95 mask, eye protection, gown and gloves, or a powered air-purifying respirator. AGPs include intubation, extubation, bag mask ventilation, noninvasive ventilation (continuous positive airway pressure and bilevel positive airway pressure), airway suctioning, nebulizer therapies, bronchoscopy, chest tube insertion, thoracotomies, and pleural procedures.

    • Transfers: Patients are best transferred directly to the OR, without stopping in the preoperative or post anesthesia care unit areas, to minimize exposure to other patients, staff, and other environments.

    • “COVID-19 precautions” signs should be posted on all doors of the OR suite to inform staff of potential risks and minimize exposure.

    • Negative pressure ventilation at more than 2.5 PA, at 12 or more air changes, can improve OR traffic movements and increase safety of patients and staff.

    • In view of the possibility of false-negative COVID-19 testing (10%-30%), the American Society of Anesthesiologists recommends that all anesthesia professionals use PPE appropriate for AGPs for all patients during all diagnostic, therapeutic, and surgical procedures when working near the airway.

    • If N95 masks are to be reused, ultraviolet germicidal irradiation, vaporous hydrogen peroxide, or moist heat by autoclaving may be used, if available.

    • One staff member should adopt the role of being the donning-and-doffing observer because most nosocomial spread of COVID-19 occurs during this critical period.

    • Limit entry/exit to a single OR entrance, keeping all OR doors closed as much as possible, and limiting staff entry/reentry to keep OR pressures and air exchanges regulated.

    • Before AGPs are performed, OR personnel should ensure that no more than the minimal number of staff required to safely achieve the procedure are allowed to be in the room.

    • Staff reliefs for breaks are essential to maintain focus and morale: these should be factored into the morning’s arrangements and organized to preserve PPE and minimize re-entries to the OR.

    • Surgical approach and techniques may have to be reevaluated to optimize patient outcomes while minimizing exposure risk to providers. Use of laparoscopic or video-assisted thoracoscopic procedures may have to be deferred due to risk of aerosolization from CO2 insufflation systems[25].

    • A clear barrier screen is vital to limit aerosol transmission across the head of the table; limiting those who are allowed to touch equipment, syringes, medications, and crystalloid/blood products.

    • Rapid sequence induction is preferable for airway management of a COVID-19+ or highly suspected patient. Induction can be performed according to usual airway management for non-COVID-19 patents.

    • Limit the number of staff in the OR to the minimum needed to safely intubate (one anesthesiologist plus one or two assistants). Video-guided laryngoscopy may be chosen over direct visualization to decrease the risk of droplet transmission.

    • Preoxygenate with 100% inspired oxygen and avoid bag-mask ventilation unless necessary. When resources permit it, patients are best recovered in a negative pressure isolation room (in the post-anesthesia care unit or ICU). Early recovery in the OR before transfer to a single patient room is favorable.

    • After the patient has left the OR, the OR should be closed for an appropriate standoff period to achieve > 99.9% aerosol clearance. The amount of time that aerosols stay suspended in the air will depend on a number of factors, including the size of the room, the number of air changes per hour, how long the patient was in the room, whether the patient was coughing or sneezing, and whether or not an AGP was performed. General guidance on clearance rates under differing ventilation conditions is available from the CDC, United States of America.

    • After the standoff period, the OR suite must be cleaned using routine procedures with approved hospital disinfectant on all surfaces, including drip stands and monitors.

    • COVID-19 repeat testing is only required in postoperative patients when symptoms or signs of COVID-19 develop. Rapid polymerase chain reaction (or PCR) based COVID-19 testing is preferred when available.

    • In the event of cardiac arrest or other medical emergency, all patients should continue to be treated as suspected or confirmed COVID-19 cases when performing cardiopulmonary resuscitation. This requires strict adherence to enhanced contact and droplet precautions. No patient interaction should occur before full PPE is donned. This paradigm shift for physicians accustomed to “jumping into lifesaving patient interactions with little regard to infectious risk” will be an uncomfortable transition. As best as it is possible within locations of LMICs, is helpful to follow the guidelines presented by many international societies like the International Liaison Committee on Resuscitation (or ILCOR), AHA, and Resuscitation Council UK. They offer regular interim updates and modified guidelines for resuscitation during COVID-19 pandemic[26].

    • Povidone iodine or popular mouthwashes and nasal rinse products are effective in vitro virucides against similar coronaviruses (SARS-CoV and Middle East respiratory syndrome-coronavirus) (although it has not been tested directly with COVID-19). They may have value when used as a preoperative mouth rinse, before surgery prior to transfer to the OR. Following induction, mouth or nasal painting with a sponge may also help to reduce risk of contamination to anesthesia personnel.

    • Following reversal of heparinization, introduction of aspirin or fractionated heparin (as is used for hip surgery) may reduce the incidence of future thromboembolism.

    • Nitric oxide may also help to reduce respiratory tract infection by inactivating viruses and inhibiting their replication in epithelial cells, but it is expensive and, in some locations, may be difficult to obtain[27].

  Transfer to Ward and Discharge

    • Strictest adherence to bathroom cleanliness, minimizing sharing, is advised.

    • Limiting those allowed to enter the hospital (one patient and one relative) will help reduce the traffic of people in vital care areas.

    • If at risk patients are discharged early, the use of telecommunications for following up with them is recommended.

    • Isolation with one supporting relative for 14 days following surgery may be the best way to limit complications and contamination by others in the household.

  Neurological Issues (Before and After Cardiac Surgery)

    • The risk of neurological damage as a result of cardiac surgery is a constant source of concern to cardiac surgeons in their endeavor to protect the cerebral and spinal circulation during the operation. It also has a potential for medico-legal intrusion. COVID-19 infection may complicate the clinical scenarios that are difficult to distinguish between COVID-19 and pre-existing cardiac issues now unmasked or altered despite a perfectly executed operation.

    • While the pulmonary complications have received considerable attention, it is the neurological manifestations that are disabling, persistent, and common in patients infected with SARS-CoV-2. The entire neuro-axis can be involved resulting in a wide variety of manifestations. SARS-CoV-2 infection may be associated with encephalopathy and encephalomyelitis, ischemic stroke, intracerebral hemorrhage, anosmia, and neuromuscular diseases. The neurological status of the patient should therefore be carefully reviewed before and after surgery using identical evaluative clinical tools. Neurological screening checks need to be thorough and similar in all patients; routine interventional procedures and cardiac surgery may produce particle or air embolism despite protective measures. Recent studies with preoperative and postoperative MRI suggest that a large percentage of patients do suffer silent cerebral infarcts even though they appear to have had an uneventful procedure[28].

    • Preoperative checks: Perform clearly documented and detailed enquiry into any neurological symptoms, communication difficulties in verbal exchange, physical signs, and writing skills. Completion of consent forms and other routine documentation can help identify such deterioration. Repeat simple questions about date of birth, address information, and who is at home (which normally would have been previously obtained by reception staff) to determine limits on cognitive ability or impairment. This should include information about right or left-handedness, gait, and/or need for walking aids.

    • Intraoperative check: A mutual check with anesthesia colleagues to ensure central line taps/spigots are luer-locked and can permit easy blood draw back before draping. Follow carefully planned myocardial protection, then ensure no air entrapment occurs that might migrate to the coronary arteries or cerebrally on completing the cardiac procedure.

  Blood Products — Use of Donor Blood & Blood Type

  Blood groups are increasingly recognized to influence susceptibility to certain viruses, among them SARS-CoV-1 and norovirus; individuals with A, B, and AB blood types may be at “increased risk for thrombosis and cardiovascular diseases”, which are important comorbidities among patients hospitalized with COVID-19[29-32]. Blood types A or AB in COVID-19 patients were associated with increased risk for needing mechanical ventilation, continuous renal replacement therapy, and prolonged ICU admission vs. patients with blood type O or B. Inflammatory cytokines levels did not, however, differ between groups in some studies. The virus which causes yellow fever (transmitted by fleas) is 40-50 nm in width and is transmissible through filtered human serum. The COVID-19 virus size ranges from 50-200 nm.

  This raises the question as to the value of using blood products obtained by donation due to uncertain deleterious consequences. In view of the risk of viral transfer through standard filters, surgeons will have to give more attention to hemostasis, meticulous conservation of blood, and the principle that avoidance of blood and plasma use is desirable. Jehovah’s Witness patients have taught us to be more careful about hemostasis and that avoidance of donor blood can still usually lead to a safe outcome. Whether or not following this practice produces more certain and favorable outcomes in patients in which COVID-19 exposure is evident is currently uncertain. Leukoreduction of cellular blood products (particularly pre-storage leukoreduction done shortly after blood collection) is beneficial in prevention of multiple harmful effects of blood transfusion.

  Legal Issues Arising from the Pandemic

  This is a new pandemic. Adjustments to patient consent forms will be required for procedures and surgery so that healthcare personnel’s risk of liability is limited. CardioStart International has one that is legally approved of its international assistance to cardiac programs.

  Healthcare workers who follow government guidelines in providing care in good faith during the public health emergency and in a reasonable time period may still not be adequately legally protected and the risk of ill-health among healthcare personnel is substantial.

  The Near Future — A Revisionist Approach to Training Programs?

  Few countries in resource-deprived settings have fully established training programs. The consequence of the COVID-19 pandemic for primary care providers in these settings is the loss of training and mentorship for members of these healthcare teams. The six leading modifiable CVD risk factors include high systolic blood pressure, diet, high low-density lipoprotein cholesterol, air pollution, high body mass index, and tobacco smoking. These are vitally important to identify, track, and counsel patients about, especially in communities living remotely from cities and the burden placed on healthcare workers throughout the community network will be much greater.

  It is clear that established pediatric and/or adult heart programs will be imperiled: they require a full complement of suitably trained specialists (i.e., cardiac surgeons, cardiologists, intensivists and anesthesiologists, nurses, perfusionists, and technicians in the OR and ICU) to retain a consistent and high standard of care. In some centers, colleagues will have to make do in a more restricted environment and will be reluctant to take on complex cases or teach a procedure. The potential for medico-legal risks will also likely rise which would lead to a reluctance to allow junior doctors to do cases under supervision.

   

  CONCLUSION

  Every year, millions of people are dying and millions more are becoming disabled due to treatable cardiac surgical diseases. Surgical capacity is unevenly distributed around the world and disproportionally affects populations in LMICs. COVID-19 increases barriers for access to cardiac surgical care, and high-level action is urgently needed to not only expand cardiac services around the world but also to ensure health systems are strengthened so that cardiac patients can be effectively managed during and after the pandemic.
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    ABSTRACT

    Over recent years, the surgical community has demonstrated a growing interest in imaging advancements that enable more detailed and accurate preoperative diagnoses. Alongside with traditional imaging methods, three-dimensional (3-D) printing emerged as an attractive tool to complement pathology assessment and surgical planning. Minimally invasive cardiac surgery, with its wide range of challenging procedures and innovative techniques, represents an ideal territory for testing its precision, efficacy, and clinical impact. This review summarizes the available literature on 3-D printing usefulness in minimally invasive cardiac surgery, illustrated with images from a selected surgical case. As data collected demonstrates, life-like models may be a valuable adjunct tool in surgical learning, preoperative planning, and simulation, potentially adding safety to the procedure and contributing to better outcomes.
    Keywords: Minimally Invasive Surgical Procedures; Printing; Three-Dimensional; Models; Anatomic; Preoperative Planning; Cardiac Surgical Procedures.

  

   

   

  INTRODUCTION

  Advanced cardiac surgical procedures for acquired and congenital heart diseases demand accurate preoperative planning and continuous update. Heart surgeons and structural interventionalists are constantly seeking for valuable tools to better understand complex anatomy and define the best surgical approach. In that scenario, adequate preoperative evaluation incorporates multiple strategies for imaging assessment of the surgical anatomy.

  Although current cardiovascular imaging modalities like computerized tomography (CT), magnetic resonance imaging (MRI), echocardiography, and post-processing softwares may provide adequate visualization of the pathology, bidimensional (2-D) view has notable limitations, and surgeons often find different anatomical arrangements in the intraoperative period.

  Complex cardiovascular diseases such as congenital heart malformations can be very difficult to be fully understood in 2-D CT, MRI, or echocardiographic images[1,2]. Furthermore, three-dimensional (3-D) digital reconstructions may not offer proper knowledge of anatomical relations, structure sizes, and depth. The 3-D printing method has emerged as an alternative to solve this problem and to improve pathology comprehension[3,4].

  The 3-D printing technology was introduced by Charles Hull in 1986[1,2]. Since then, it has been largely applied for the production of prototypes and industrial components and, more recently, for medical purposes[5]. Today, print models can be crafted for several medical applications including creation of anatomy teaching tools, development of functional or deformable models for preoperative planning, and building tissue and organ structures in the field of tissue engineering[2,5-9].

  Printed models offer improved visualization, tactile experience, and accurate information for procedural planning of surgical reconstruction and device implantation[4,7,8,10,11].For that reason, its use has increased among medical specialties, such as general surgery (for liver transplantation with living donor)[3,7,12], neurosurgery (complex skull base surgeries, craniosynostosis, cerebral aneurysms)[13-22], plastic surgery (prosthesis implantation, organs, and tissue reconstruction)[23], vascular surgery (aneurysms)[24], orthopedic surgery (repair of complex fractures)[25-27], and many others[28-36].

  Additionally, 3-D models can be helpful as a teaching tool assisting students and surgical trainees to understand spatial anatomy, to better comprehend surgical procedures[2,7,8,12,37], and to enhance cardiac critical care via simulation training of multidisciplinary intensive care teams[3,37-39]. Other important application is to help patients and their families to recognize the complexity of the pathology, discussing surgical planning and potential complications in detail[38,39].

  Particularly in cardiovascular surgery, there are many potential contributions. The 3-D printing technology may assist surgeons to plan and practice the surgical approach intended, developing strategies to deal with uncommon and high-risk intraoperative scenarios[8,11,12,40]. Printed aortic aneurysm models have been used in planning endovascular repairs, for example[17,41-44]. This tool may be especially helpful for guiding surgeons in complex intracardiac defects and multiple valve surgeries, either for preoperative planning or teaching[3,6,45-49]. It can also contribute to create or refine intracardiac devices[2,50].

  The main goals of this review are to summarize the applications of 3-D printing in cardiovascular procedures, particularly in minimally invasive cardiac surgery (MICS), to discuss potential advantages and current limitations, and to highlight its role in preoperative surgical planning and medical education.

   

  ILLUSTRATIVE CASE REPORT

  The following case was selected to illustrate the process of creating and printing a 3-D model and the usefulness of life-like models in the surgeon’s preoperative evaluation and training.

  A 75-year-old man with symptomatic low-flow low-gradient severe aortic stenosis due to a bicuspid aortic valve and dilation of the ascending aorta was assessed for elective minimally invasive aortic valve replacement. His left ventricular ejection fraction was 35%, and his past medical history was remarkable for hypertension, smoking, and progressive dyspnea in keeping with New York Heart Association Class III. His Society of Thoracic Surgeons mortality risk score was 2.414%. Preoperative laboratory screening, chest radiography, and cardiac angiography showed no abnormalities. CT angiography showed a severely calcified bicuspid aortic valve and dilation of the ascending aorta (43.6 × 42.8 mm), with normal aortic root and sinotubular junction (Figure 1).

  
    

    [image: Fig. 1. Computerized tomography angiography images of the aortic root, sinotubular junction, and ascending aorta. A) Obliquus view. B) Three-dimensional (3-D) reconstruction of the obliquus view. C) Anteroposterior view. D) 3-D reconstruction of the anteroposterior view.]

  

  Digital 3-D models were created from the CT angiography dataset using the Mimics® software (Materialise®, Leuven, Belgium). Data was segmented to develop a virtual model that clearly showed sizes and anatomical relations between structures, including calcification spots in the aortic valve and root and the ascending aorta dilation (Figure 2). After the segmentation process, the models were printed (Figures 3 and 4), what consists of the deposition of successive overlapping layers of material for the construction of the piece. The PolyJet 3-D technology was chosen for building this complex model as it allowed for different density materials and colors for realistic simulations. The model was printed in 0.014 mm layers and the complete process duration was 42 hours (38 hours of printing and four hours of finishing process). The anatomic model allowed a detailed discussion of the surgical approach by providing tissues of different colors, consistencies, and resistances.

  
    

    [image: Fig. 2. Virtual reconstruction of the target anatomy from computerized tomography angiography images (segmentation process). A) Exterior view of the aorta. B) Interior view of the aorta showing a calcified bicuspid aortic valve. C) Details of the coronary sinuses and arteries.]

  

  
    

    [image: Fig. 3. - Three-dimensional printed models for preoperative planning. Calcifications shown in blue. A) Aortic valve (axial view). B) Ventricular view of the aortic valve calcifications (blue color). C) Ascending aorta and aortic arch (posterior view). D) Aorta and coronary arteries (anterior view).]

  

  
    

    [image: Fig. 4. Three-dimensional printed model of the heart for preoperative planning (real-size model). A) Right lateral posterior view. B) Left lateral view.]

  

  The surgical team participated in the planning sessions and once the models were ready to be manipulated, the surgeons simulated surgical procedures with two different valve designs (intra-annular and supra-annular). They also decided on the minimally invasive access between L-shaped partial sternotomy and anterior thoracotomy and selected cannulation and cross-clamping strategies based on the new perception provided by the printings. Additionally, the models helped the team to foresee critical moments of the surgery. Therefore, it is the team’s unanimous perception that preoperative planning with printed models potentially saved time in the operating room, reduced potential postoperative complications, and contributed for better results.

  The patient was submitted to minimally invasive aortic valve replacement and correction of the ascending aorta aneurysm through a partial upper L-shaped sternotomy (Figure 5). During the procedure, surgeons were able to verify a close correspondence between the 3-D models and live anatomy (Figures 6 and 7). The patient recovered well and remains asymptomatic at follow-up.

  
    

    [image: Fig. 5. Adequate exposure of the ascending aorta following partial “L” shaped sternotomy.]

  

  
    

    [image: Fig. 6. Comparison between computerized tomography angiography reconstruction (A), real anatomy (B), and printed model (C) of the dilated ascending aorta: close relation of size and shape between methods.]

  

  
    

    [image: Fig. 7. Aortic valve inspection after resecting the ascending aorta aneurysm: calcified and bicuspid aortic valve (A) adequately correlated with previous three-dimensional models (B).]

  

   

  DISCUSSION

  Over recent years, the surgical community has demonstrated a growing interest in imaging advancements that enable detailed and accurate preoperative diagnoses. 3-D printing emerged as an attractive tool to complement pathology assessment and surgical planning[50,51]. With its wide range of challenging procedures and innovative techniques, MICS represents an ideal territory for testing its precision, efficacy, and clinical impact.

  The 3-D modeling process is based on the following steps: 1) acquisition of CT imaging dataset; 2) segmentation process and creation of segmentation mask; 3) conversion of the segmentation mask into a digital 3-D patient-specific model; 4) adjustment of the digital model; and 5) 3-D printing of the multi-material model.

  Traditionally, the data segmentation consists in converting anatomical information obtained by CT and cardiac MRI into a 3-D digital model that precisely replicates target anatomic structures, congenital heart defects (CHD), or vascular anomalies[4,7,8,11,40]. Most recently, models derived from echocardiography emerged showing technical feasibility and accuracy of < 1 mm[1,40,52]. Regardless of the imaging modality used, only after optimal segmentation and image postprocessing the virtual model is printed in the selected material.

  Several printing processes are available: stereolithography fabricates a solid object from a photopolymeric resin using digitally guided ultraviolet laser light. Fused deposition modeling creates a 3-D structure by extruding melted thermoplastic filaments layer by layer, along with a physical support material that is later dissolved away. Selective laser melting creates strong parts of fused material or ceramic powder using a high-power laser beam and is also preferred for building functional prototypes or medical implants, such as facial bone replacements[2,25,26]. Last of all, the PolyJet technology creates 3-D prints through a process of jetting thin layers of liquid photopolymers that are instantly hardened using ultraviolet light. This technique can combine multiple materials and colors simultaneously, resulting in highly complex models with smooth surfaces and thin walls (down to a resolution of 0.016 mm) and it is used, among many purposes, for fabricating flexible patient-specific anatomical models with greater accuracy when compared to other printing methods.

  It seems a common understanding between surgeons that printed models provide better understanding of anatomic characteristics[4,13,23,27-29,46] and consequently help with preoperative planning by facilitating visualization of potential hazards and anatomic variations[4,15,22,30-34,42]. Similarly to our experience, many surgeons appreciated the hands-on experience provided by the physical model[4,6,12,28,37,45,51]. Additionally, several reports confirm the effectiveness of 3-D printing technique for preoperative planning in complex anatomies[4,13,45,46] as it allows the surgical team to select more suitable implants or devices for the procedure[16,22,35] and to anticipate difficulties that might appear by simulating the real surgery[4,6,24,28,32,37,45,47,51]. Moreover, one third of the studies showed decreased operating times and reduced risk of postoperative complications when using 3-D printing[4,40]. Reduced blood loss and transfusion requirements[4] were also highlighted. Likewise, there was a significant reduction in patient and surgical team exposure to radiation when models were used[4,17,18,40-44].

  Furthermore, our illustrative case allowed for intraoperative measurement of the target anatomy and facilitated comparisons of real structures, 3-D CT reconstructions, and printed models, showing high precision. Many published studies also demonstrated that models’ accuracy was a major advantage even in complex cases[1,6,45-49], and the PolyJet printing technique showed greater precision compared to other printing methods[4,11]. Accuracy is a key factor for patient safety, as clinical decisions are based on the 3-D printed model. Hence, it is important to integrate different imaging modalities to create highly accurate hybrid 3-D models and to engage both cardiologists and surgeons in processes of reconstruction, segmentation, and prototyping[40].

  According to literature, younger surgeons tend to report greater satisfaction with 3-D model manipulation than proficient ones, but all described the experience as highly beneficial[12]. Preoperative surgical simulation can help students, residents, expert doctors, and multidisciplinary teams to address surgical limitations by providing opportunities to practice unusual procedures and to exercise efficiently without exposing patients’ lives to unjustified risk[2,6,11,37-39,40,51]. Ultimately, the application of the 3-D printing technology contributes to improve patient safety by decreasing perioperative morbidity[4,8,11,19-21,36,45].

  Similar experience is reported among pediatric cardiac surgeons[1,6,7,40,45-49]. CHD are frequently complex cases that benefit from careful imaging assessment using 3-D models for better understanding anatomical defects, interactions of cardiac structures, and for planning the surgical treatment[45,48,49,53]. A prospective multicenter case-crossover study measured the influence of 3-D printing in CHD surgical planning by providing surgeons with printed models after a first multidisciplinary discussion and registering a possible change in surgical strategy. There was significant impact on clinical practice, with models redefining the surgical approach in 19 of 40 cases[45]. Models also showed high accuracy, with a mean bias of-0.27 ± 0.73 mm when compared to MRI or CT measurements. Of all the surgeons enrolled, 96% agreed or strongly agreed that printed models provided better understanding of the CHD complex morphology and helped reducing the potential for surgical complications[45]. In conclusion, 3-D models were considered precise replicas of the cardiovascular system and helped redefine surgical approach.

  With the constant evolution of cardiovascular surgery and the development of minimally invasive techniques worldwide, new surgical skills and adjunct technologies have been incorporated for safer and less invasive procedures[54-57]. The potential benefits of MICS include shorter length of hospital stay, reduced bleeding and need for blood products transfusion, less pain, earlier mobilization and return to social and professional activities, better cosmesis, and, ultimately, greater patient satisfaction when compared to conventional procedures[55-57]. These results may be enhanced by an adequate preoperative planning, in which the addition of new tools for careful preoperative imaging diagnosis help surgeons to achieve better outcomes. Consequently, by improving surgical planning, 3-D printings have the potential to increase procedural efficiency and contribute for excellent surgical results[53].

  Especially in MICS, where sensory perception and surgical field exposure are limited, 3-D printed models have inherent benefits over 2-D or 3-D digital images. By providing tactile and real-size knowledge, models enhance comprehension of anatomy, depth perception, and spatial orientation’s capability. Moreover, they are portable objects easily sterilized to assist intraoperative navigation[12]. In association with tactile and more realistic advantages of 3-D printing, the augmented memorization of essential details may for itself be an argument in favor of using 3-D printing prior to complex surgeries. Nowadays, print models with similar biotexture to a patient’s heart are being used for simulations and training in MICS[53]. Future perspectives include 3-D printing for testing interventions, creating dynamic models simulating the cardiac cycle, and for building tissue and organ structures in the field of tissue engineering[1,2,5,9,58,59].

  Nonetheless, there are limitations for widespread use of this technology. Currently, the technology is not available in all health care centers, as few have 3-D printers,. Alongside, there are technical limitations of bedside imaging and availability of advanced imaging required to provide high resolution data (CT, CT angiography, or MRI). Also, the segmentation software has limitations in distinguishing tissues of very similar density and materials that can be manipulated — cut, dissected, retracted, sutured —, and for that reason the authors strongly believe that the involvement of the surgeon in the segmenting process is a key factor to reduce some of these limitations[32]. Finally, institutions that do not have a printer can buy 3-D models from specialized companies, but the relatively high cost of production may restrain its use.

  Despite all 3-D printing advancements, there are no controlled studies to determine the clinical impact of print models in cardiovascular surgery. However, even in face of limited literature[60], this review reinforces the promising prospects of 3-D printing. Future studies may provide scientific validation using well-defined performance measures, possibly followed by integration of this new educational tool into training and daily practice in the operating room.

   

  CONCLUSION

  In conclusion, the use of 3-D modeling can decrease operating time and intraoperative errors, increase efficiency, and may consequently decrease liability by optimizing the surgeon’s learning curve. Nevertheless, it should not replace the traditional imaging assessment, but complement clinical judgment and surgical knowledge. In MICS, it may be a useful adjunct tool for surgical preoperative planning and simulation as it sums safety to the procedure and potentially contributes to better outcomes and to improved learning prospects.
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    ABSTRACT

    Modern bioprostheses offer a complete and definitive solution to elderly patients who need aortic valve surgery. Nonetheless, the scenario is more demanding when dealing with younger and less fragile patients. In this setting, any prosthetic aortic valve replacement can provide only a suboptimal solution and its related issues have not been fixed yet. The answer to the needs of this special population is the enhancement and refinement of the surgical technique. The Ozaki technique relies on custom-tailored autologous aortic cusps individually sutured in the aortic position. This approach has been showing optimal results if performed after a dedicated training period.
    Keywords: Aged; Bioprosthesis; Aortic Valve; Heart Valve Prosthesis; Aorta; Heart Valve Prosthesis Implantation.

  

   

   

  INTRODUCTION

  The treatment of aortic valve diseases is one of the oldest surgical challenges Cardiac Surgery still must face. Since the implantation of the first Starr-Edwards caged-ball prosthesis in 1960, the evolution and progress of the construction and the design of prosthetic valves led to the biological revolution first, and, currently, to the transcatheter era. If modern biological solutions offer a complete and definitive path to those elderly patients who need aortic valve surgery, the scenario is more demanding when we deal with younger and less fragile patients.

  Durability of both surgical bioprosthesis and percutaneous valves is a well-known issue in this population and the burden of either reintervention or patient-prosthesis mismatch following a percutaneous valve-in-valve procedure must be considered when a 50-year-old or younger patient suffers from severe aortic valve disease.

  In this scenario, a prosthetic aortic valve replacement can provide only a suboptimal solution and the industrial technology has not fixed its related issues yet.

  The answer to the needs of this special population is the enhancement and refinement of the surgical technique. To date, only two procedures can avoid the drawbacks of a long-term anticoagulation or the burden of one or multiple reinterventions, namely the Ross operation and the aortic valve neocuspidization (AVNeo, with the Ozaki technique). Both require expert hands, appropriate training, and optimization of the surgical technique.

  The use of autologous pericardium in cardiac surgery started in the 1960s, when Bjoerk and Hultquist first implanted autologous pericardial leaflets. Subsequently, in 1986, Love et al. reported the immersion of autologous pericardium in 0.6% glutaraldehyde for 10 minutes to eliminate the problems related to its scarring. After that report, Al Halees published a series of glutaraldehyde-fixed autologous pericardial valves on 65 young patients. Nonetheless, all these approaches failed for the lack of reproducibility and the poor longevity of patch material when implanted in younger patients.

  The method developed by Ozaki et al. relies on custom-tailored autologous aortic cusps individually sutured in the aortic position.

   

  TECHNIQUE

  The Ozaki technique for aortic valve reconstruction [1,2] is based on the independent replacement of the three aortic valve cusps with tailored autologous pericardial neocusps. The preparation and the tailoring of the patient’s pericardium is therefore one of the cornerstones of this procedure. Thus, it is the first aspect we will put on focus in the following description.

  In order to achieve enough tissue for the three cusps, a minimum amount of 7×7 cm of pericardium cleaned from fat and redundant tissue of the outer surface need to be excised. However, autologous fresh pericardium could present some relevant problems. Its elastic and twisty properties make handling the patch potentially difficult. In addition, when left untreated, it exhibits a high propensity to develop fibrosis and calcification. Hence, to address this pitfall, the autologous patch is currently and routinely treated with a 0.6% glutaraldehyde solution for 10 minutes and then rinsed three times with saline solution for a total of 20 minutes.

  Once the aortic valve is exposed and the diseased cusps are excised, an extensive and accurate annular decalcification is crucial. It is paramount to achieve a precise measurement of the cusps after this step. A dedicated Ozaki sizer (Figure 1) is used to measure the distance between each commissure. The autologous pericardium is then tailored with the original Ozaki template (Figure 2). During the trimming procedure careful attention should be paid to use the thinner part of the pericardial patch for the reconstruction of the smaller cusp, in order to improve its mobility, while the thicker part should be reserved for the biggest, so the tolerance to diastolic stress can be ensured.

  
    

    [image: Fig. 1.]

  

  
    

    [image: Fig. 2. Pericardial template.]

  

  The final part of the reconstruction involves suturing the neocusp to the aortic annulus (Figure 3), usually using a single running 4-0 monofilament stitch. The suture starts at the nadir of the annulus, where the monofilament is tied down. The ends of the suture are then used to move the reconstruction bidirectionally towards the commissures. It is important during this step to place the cusp with its inner side facing the left ventricular surface. Another critical aspect of the reconstruction at this point entails the correct spacing of the bites: the distance between each bite on the autologous pericardium must be regular and fixed, while on the aortic annulus it must be different at the nadir and the commissural zone. As the suture comes closer to the nadir, the distance between the bites on the aortic annulus gets shorter than the distance on the cuspid, with a 3:1 ratio (Figure 3). Moving towards the commissure, this discrepancy normalizes itself, with a perfect correspondence between the bites of the running suture at the level of the coaptation zone. In this area, the lateral margin of each cusp is sewed with a little plication of the inner pericardium facing the aortic wall. This fashion warrants the cusp’s maximized resistance to the stress, and, at the same time, optimizes the coaptation drawing the pericardium towards the other cusps. An additional commissuroplasty 4-0 monofilament stitch is placed through the neocusps, above the last bite of the running suture, and then laterally on the edge of the cusp plication, with the aim of securing the coaptation point and fitting the plicated cusp to the aortic wall. Both the running annular suture and commissural stitch are tied on the outward side of the aorta, with the interposition of a felted pledget (Figure 4). After the resuspension of the three neocusps, a visual check - enhanced with negative pressure made by the left ventricular vent - is needed to evaluate the degree of the coaptation.

  
    

    [image: Fig. 3. Stitch distribution and annular-neocusp ratio.]
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  DISCUSSION

  The reconstruction of the aortic cusps based on the technique described by Ozaki et al. [1,2] is highly reproducible and shows some peculiar and unique features. Since the pericardium is sewed directly to the aortic annulus, this operation offers a maximized valve orifice area with physiologic transvalvular gradients. At the same time, the absence of a stented frame preserves the aortic root physiological ability to expand its diameter during the systolic ejection, thus maintaining the natural coordination between left ventricle, aortic annulus, sinus of Valsalva, and ascending aorta [3]. In addition, resuspending the three neocusps up to the level of the sinotubular junction provides an extensive coaptation area during diastole. The extent of this zone, also known as effective height, is one of the most powerful predictors of the long-term valve competence, as already suggested in the literature [4,5]. The large coaptation obtained with the AVNeo operation, combined with the previously exposed features, is indeed one of the reasons for the excellent mid- and long-term results demonstrated in the series by Ozaki et al. and the literature [6], which are the basis of the hypothetical prolonged durability of this surgical reconstruction.

  Unlike what it might be thought, this technique is feasible also when managing bicuspid or unicuspid aortic valves, providing their “tricuspidalization”. Tricuspidalization of a bicuspid or unicuspid valve with the Ozaki techniques ensures the possibility to restore the typical orientation of the cusps of a normal valve and the achievement of an appropriate length of the free margin of leaflets, thus permitting its fully opening while maintaining the normal valve shape. In an unicuspid valve, the total length of the free edge of the leaflets is significantly shorter compared to a tricuspid valve. Furthermore, aortic valve reconstruction can be adopted not only for aortic regurgitation but also in case of valve stenosis, infective endocarditis, and reoperation after bioprosthesis deterioration.

   

  CONCLUSION

  Surgical valve replacement represents the gold standard to treat aortic valve diseases, but the landscape of possibilities in this field is growing. The need to improve and enhance the performance of the surgical offer is mandatory, particularly in those patients who get otherwise convicted to a suboptimal treatment. Different drawbacks can be acknowledged either in mechanical or bioprosthetic solutions. Despite the need for lifelong anticoagulation, the choice of a mechanical prosthesis is the recommended option for patients under 60 years, even if thromboembolic events, device malfunction, and spontaneous bleeding in the late decades are considerable disadvantages that usually concern and blur the patient’s choice. Similarly, concerns are driven by the limited durability of the bioprostheses in young patients. Surely, the presence of small aortic annuli, the young age at surgery, and the pediatric population represent a cluster in which there is a lack of durable and tested solutions. In a recent work by Del Nido et. al. [6], the Ozaki procedure also demonstrated promising results in children. Particularly, in patients with small annuli undergoing aortic root enlargements and valve reconstruction, the native annuli continued to grow appropriately and remained free from subsequent aortic stenosis. Thus, the refinement of the AVneo operation could represent a more suitable yet versatile option.

  In addition, it is also our belief that this procedure can be mastered after a relatively short training period, considering the high reproducibility and ease of all the steps required to properly perform it thanks to the significant standardization of the original surgical technique.
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    ABSTRACT

    Virtual and augmented reality can be defined as a three-dimensional real-world simulation allowing the user to directly interact with it. Throughout the years, virtual reality has gained great popularity in medicine and is currently being adopted for a wide range of purposes. Due to its dynamic anatomical nature, permanent drive towards decreasing invasiveness, and strive for innovation, cardiac surgery depicts itself as a unique environment for virtual reality. Despite substantial research limitations in cardiac surgery, the current literature has shown great applicability of this technology, and promising opportunities.
    Keywords: Virtual Reality; Augmented Reality; Cardiac Surgical Procedures; Technology; Medicine.

  

   

   

  INTRODUCTION

  Virtual and augmented reality (VR and AR) can be defined as a three-dimensional (3D) real-world simulation allowing the user to directly interact with it (Figure 1) [1]. Through the integration of imaging data and input from users [2], VR delivers a 3D graphical output which can be then visualized through a wearable headset (Figure 2). Throughout the years, VR has gained great popularity in medicine and is currently being adopted for a wide range of purposes including medical education, stroke rehabilitation, and teaching of surgical techniques, particularly laparoscopy [3,4]. Despite its great advances in numerous areas of medicine, the future potential innovative impact of VR in cardiac surgery has not been extensively discussed yet, with no formal integration of this technology in this specialty. Nevertheless, due to its dynamic anatomical nature, permanent drive towards decreasing invasiveness, and strive for innovation, cardiac surgery depicts itself as a unique environment for VR.

  
    

    [image: Fig. 1. Practical implementation of the virtual reality in the surgical operating room.]

  

  
    

    [image: Fig. 2. Schematic display of extended realities. A) Virtual reality: digital space is completely separated from the environment. B) Augmented reality: digital space is integrated into the users’ natural environment. C) Mixed reality: the user is able to stay in his natural environment and still interact with the digital information.]

  

   

  COMMENTS

  The Role of VR in Undergraduate and Postgraduate Cardiac Teaching

  See one, do one, teach one - the method of “learning-by-doing” paired with “on-the-job-training” is one of the most popular surgical training methods. Ever since the surgeons have been using real-life scenario simulations, practical skills sessions, and video sessions [5] as means of improving their dexterity, the desire for more precise and even more stimulating methods has been growing. As the works to develop robots and interactive technologies to support surgical performance have been underway [6], the VR and active engagement techniques came along. Initially, they have been thought to allow 3D view and better insight into the anatomy and procedures. Since the introduction of 3D visualisation, many alternative ways to utilize the new techniques have been developed. The real-time interaction, decreasing invasiveness of procedures, and a reliable tool of surgical skills assessments are only a few to mention for a variety of opportunities given by the VR training in medicine and surgery.

  The Role of VR in Preoperative, Intraoperative, and Postoperative Cardiac Surgery

  Perhaps one of the greatest potential future applications of VR systems in cardiac surgery will be their assistance and support for the much-desired shift from open sternotomy procedures to minimally invasive ones. Reducing patient’s intraoperative trauma and allowing for faster postoperative recovery have been some of the priorities of cardiac surgery over the past decades, thus leading to the development of endoscopically- and robotically-assisted minimally invasive cardiac procedures [7]. Nevertheless, the shift towards minimally invasive cardiac surgery (MICS) has been taking place at a slow pace due to numerous limitations. The latter include its learning curve and the shortage of safe and structured training methods, the difficulties in port location in order to enable effective X-ray and angiography coverage, and the limited access to anatomical and surgical targets [8-12]. Indeed, even at wide-angled panoramic views, the use of an endoscope for the visualisation of complex anatomical structures in a 3D and dynamic environment proves to be complicated and could be considered a limitation to MICS. In light of these limitations, VR might be able to offer unique opportunities to improve the visualisation of surgical targets and enhance the beating-heart intracardiac surgical outcomes (Figure 3) [13,14].

  
    

    [image: Fig. 3. Augmented reality in cardiac surgery (by Sadeghi et al. [14]). A and B) Coronary angiography with proximally calcified aneurysm and an occlusion of the left anterior descending artery (LAD) with collateral retrograde filling from the right coronary artery (RCA) and no abnormalities in the left circumflex (Cx) artery. C) Reconstructions of a computed tomography (CT) scan were made by rendering three-dimensional virtual reality (VR) images. D and E) Reconstruction of the CT scan. G-J) Immersive VR was used to plan for the insertion location of thoracoscopic ports (for left internal mammary arteries [LIMA] harvesting) and for determining the ideal location for anterior mini-thoracotomy.]

  

  Is VR and AR Implementation in Cardiac Surgery Cost-Effective?

  Since the conception of VR and AR in a healthcare setting, the cost of its implementation has been a significant barrier to its use in surgery. This is particularly true for cardiac surgery which requires VR and AR simulations to be of high-fidelity and precision, regardless of the purpose of the simulation. For this reason, the sheer processing power alone of a computer suitable for such VR simulations rendered the technology poorly cost-effective [15]. However, over the past decade, the economic barriers to the use of VR and AR in a surgical setting have diminished as cheaper technology with significantly stronger processing power becomes commercialized and the opportunities of VR to improve patient safety, surgical training, and audit quality becomes evident.

  In particular, implementation costs for VR and AR technology in a surgical setting are becoming more affordable through the use and adaption of commercially available hardware that is non-specific in its use, such as in the case of recently developed VR headsets that provide high-quality visuals and realistic surgeon hand interactions [16]. It would not be unreasonable to assume that potentially significant advances in reducing costs when simulating cardiothoracic surgery can be made, particularly comparing to almost a decade ago.

  Moreover, VR has shown promising and potential cost-effectiveness in presurgical and interventional planning in congenital cardiac surgery. Whilst in the short-term, VR incurs significant initial set-up and implementation costs relative to 3D printing heart models, in the long-term it has been suggested to control costs, reduce material wastage, and allow for a more immersive and detailed experience for the multidisciplinary team by allowing improved depth perception and visualization [17]. In fact, it can also be argued that relatively similar start-up costs exist for 3D printing heart models, including the recruitment of appropriate technicians and specialists to facilitate the operation [18]. However, beyond the initial fixed set-up costs, VR may reduce costs compared with 3D printing, as the need for regular purchases of materials and disposal of plastic waste is removed [18].

  Within surgical teaching, VR can eliminate the even greater costs of cadaveric and animal tissue models whilst providing a wider range of anatomical variation [19]. Furthermore, VR allows for repetitions of the learning experience, which not only improves the efficacy of the curricula, but it can also lead to further cost savings in the long-term. Particularly in regard to robotic surgery, which is associated with significant costs in its use and implementation, VR has been shown to be a valuable alternative to operating room learning sessions.

   

  CONCLUSION

  From our perspective, VR and AR brings opportunities to rapidly develop the field of cardiac surgery. VR has gained growing popularity and adoption in different medical and surgical fields, being embedded from medical education to preoperative planning, operative assistance, and even postoperative support to patients. The drive for innovation in cardiac surgery has been growing over the past years in search of methods to maximize patient outcomes and quality of life and improve training pathways for young surgeons. Although substantial research limitations persist in the field of VR and AR application to cardiac surgery, the current literature has shown great applicability of this technology, and promising opportunities.

   

  REFERENCES

  1. Li L, Yu F, Shi D, Shi J, Tian Z, Yang J, et al. Application of virtual reality technology in clinical medicine. Am J Transl Res. 2017;9(9):3867-80.

  2. Southworth MK, Silva JR, Silva JNA. Use of extended realities in cardiology. Trends Cardiovasc Med. 2020;30(3):143-8. doi:10.1016/j.tcm.2019.04.005.

  3. Laver KE, George S, Thomas S, Deutsch JE, Crotty M. Virtual reality for stroke rehabilitation. Cochrane Database Syst Rev. 2015;2015(2):CD008349. Update in: Cochrane Database Syst Rev. 2017;11:CD008349. doi:10.1002/14651858.CD008349.pub3.

  4. Gurusamy KS, Aggarwal R, Palanivelu L, Davidson BR. Virtual reality training for surgical trainees in laparoscopic surgery. Cochrane Database Syst Rev. 2009;(1):CD006575. Update in: Cochrane Database Syst Rev. 2013;8:CD006575. doi:10.1002/14651858.CD006575.pub2.

  5. Vozenilek J, Huff JS, Reznek M, Gordon JA. See one, do one, teach one: advanced technology in medical education. Acad Emerg Med. 2004;11(11):1149-54. doi:10.1197/j.aem.2004.08.003.

  6. McCloy R, Stone R. Science, medicine, and the future. Virtual reality in surgery. BMJ. 2001;323(7318):912-5. doi:10.1136/bmj.323.7318.912.

  7. Iribarne A, Easterwood R, Chan EY, Yang J, Soni L, Russo MJ, et al. The golden age of minimally invasive cardiothoracic surgery: current and future perspectives. Future Cardiol. 2011;7(3):333-46. doi:10.2217/fca.11.23.

  8. Bonaros N, Schachner T, Lehr E, Kofler M, Wiedemann D, Hong P, et al. Five hundred cases of robotic totally endoscopic coronary artery bypass grafting: predictors of success and safety. Ann Thorac Surg. 2013;95(3):803-12. doi:10.1016/j.athoracsur.2012.09.071.

  9. Athanasiou T, Ashrafian H, Rowland SP, Casula R. Robotic cardiac surgery: advanced minimally invasive technology hindered by barriers to adoption. Future Cardiol. 2011;7(4):511-22. doi:10.2217/fca.11.40.

  10. Doenst T, Diab M, Sponholz C, Bauer M, Färber G. The opportunities and limitations of minimally invasive cardiac surgery. Dtsch Arztebl Int. 2017;114(46):777-84. doi:10.3238/arztebl.2017.0777.

  11. Devernay F, Mourgues F, Coste-Manière È. Towards endoscopic augmented reality for robotically assisted minimally invasive cardiac surgery. In: Proceedings International Workshop on Medical Imaging and Augmented Reality. Honk Kong, China: IEEE; 2001. p. 16-20. doi:10.1109/MIAR.2001.930258.

  12. Napa S, Moore M, Bardyn T. Advancing cardiac surgery case planning and case review conferences using virtual reality in medical libraries: evaluation of the usability of two virtual reality apps. JMIR Hum Factors. 2019;6(1):e12008. doi:10.2196/12008.

  13. Chiu AM, Dey D, Drangova M, Boyd WD, Peters TM. 3-D image guidance for minimally invasive robotic coronary artery bypass. Heart Surg Forum. 2000;3(3):224-31.

  14. Sadeghi AH, Taverne YJHJ, Bogers AJJC, Mahtab EAF. Immersive virtual reality surgical planning of minimally invasive coronary artery bypass for Kawasaki disease. Eur Heart J. 2020;41(34):3279. doi:10.1093/eurheartj/ehaa518.

  15. Greenleaf WJ, Paiantanida T. Medical applications of virtual reality technology. In: Bronzino JD (editor). The Biomedical engineering handbook. 2nd. Boca Raton (FL): CRC Press LCC; 2000 [cited 2021 Apr 19]. Available from: https://www.researchgate.net/publication/299632073_Medical_Applications_of_Virtual_Reality_Technology

  16. Parham G, Bing EG, Cuevas A, Fisher B, Skinner J, Mwanahamuntu M, et al. Creating a low-cost virtual reality surgical simulation to increase surgical oncology capacity and capability. Ecancermedicalscience. 2019;13:910. doi:10.3332/ecancer.2019.910.

  17. Ong CS, Krishnan A, Huang CY, Spevak P, Vricella L, Hibino N, et al. Role of virtual reality in congenital heart disease. Congenit Heart Dis. 2018;13(3):357-61. doi:10.1111/chd.12587.

  18. Yanagawa B, Ribeiro R, Naqib F, Fann J, Verma S, Puskas JD. See one, simulate many, do one, teach one: cardiac surgical simulation. Curr Opin Cardiol. 2019;34(5):571-7. doi:10.1097/HCO.0000000000000659.

  19. Solomon B, Bizekis C, Dellis SL, Donington JS, Oliker A, Balsam LB, et al. Simulating video-assisted thoracoscopic lobectomy: a virtual reality cognitive task simulation. J Thorac Cardiovasc Surg. 2011;141(1):249-55. doi:10.1016/j.jtcvs.2010.09.014.

   

   

  Correspondence Address:

    Alina Zubarevich

https://orcid.org/0000-0002-2444-5747

Department of Thoracic and Cardiovascular Surgery, West German Heart and Vascular Center, University of Duisburg-Essen

Hufelandstr 55, Essen, Germany

Zip Code: 45147

E-mail: alina.zubarevich@gmail.com

  Submitted on: 09/25/2020

  Approved on: 09/27/2020

  
    [image: abb]

  





  DOI: 10.21470/1678-9741-2020-0278

  EDUCATIONAL FORUM

  
    Silva IA, Corso RB, Pina G, Santos MVN, Souza HJB, Fenelon MPM, et al. Braz J Cardiovasc Surg 2022;37(01):128-130

  

  
    Post Ligation Cardiac Syndrome: an Educational Presentation

  

   

   

  Isaac Azevedo SilvaI,II,III; Ricardo Barros CorsoI,II; Glauco PinaI,II; Marcus Vinicius Nascimento SantosI,II; Helmgton José Brito de SouzaI,II; Maria Paula Meireles FenelonIII; Leonardo Jadyr Silva Rodrigues AlvesIII; Diane Lucio VasconcelosII; Viviane Bastos Paixão MarquesII

  ICardiovascular Associados – Cardiovascular Surgery Center, Brasília, Federal District, Brazil.

  IIMaternidade Brasília – Brasilia Maternity Hospital, Brasília, Federal District, Brazil.

  IIICEUB – Brasilia University Center, Brasília, Federal District, Brazil.

   

  
    ABSTRACT

    Although technically simple, surgical correction of patent ductus arteriosus can have serious complications. In this context, acute ventricular failure must be remembered, as its prompt diagnosis and proper management can change clinical outcomes.
    Keywords: Patent ductus arteriosus; Cardiovascular Surgical Procedures; Congenital heart disease.

  

   

   

  INTRODUCTION

  The patient was newborn, female, preterm (gestational age: 29 weeks), 14 days old, and diagnosed with patent ductus arteriosus (PDA), measuring 4.0 mm in diameter, with hemodynamic repercussion, refractory to attempted drug closure (Figures 1 and 2). She evolved with worsening of ventilatory parameters and a huge splanchnic hypoperfusion. Therefore, urgent surgical ligation of the PDA was performed through a left minithoracotomy, using metal clips. The procedure was performed uneventfully. However, eight hours after surgery, the patient faced severe hypotension and hypoxemia, requiring high mechanical ventilation parameters.

  
    

    [image: Fig. 1. Transthoracic echocardiogram. PDA=patent ductus arteriosus.]

  

  
    

    [image: Fig. 2. Transthoracic echocardiogram. Ao=aorta; PA=pulmonary artery; PDA=patent ductus arteriosus.]

  

   

  QUESTIONS

  A. What is the cause of this clinical worsening?

  B. How this diagnose (Question A) can be confirmed?

  C. Explain its pathophysiologic patterns.

  D. Describe the best approach for this condition

  Discussion of Questions:

  Question A. Clinical deterioration with severe hypotension initiating after few hours of a surgery for PDA correction is compatible with cardiogenic shock, a condition known as post ligation cardiac syndrome (PLCS).

  Question B. Transthoracic echocardiogram is a fast and accurate method for confirming the diagnose of PLCS. It is usually available and can be performed at bedside in the neonate intensive care unit.

  Question C. PLCS is related to an acute increase in afterload and a decrease in preload (Figure 3) due to closure of the ductus arteriosus. In a PDA condition, the pulmonary vascular bed offers low resistance to the left ventricle (low afterload), and, in consequence of high pulmonary flow, the left atrium is overloaded (high preload). However, as soon as the ductus was ligated, the left ventricle faced an acute elevation in afterload (no more low resistant pulmonary vascular bed) and a reduction in preload. So, systolic and diastolic dysfunction may occur, leading to a reduction in cardiac output. Clinically, the patient shows systemic arterial hypotension, oxygenation lability, need for vasoactive drugs, and worsening respiratory function [1-3].

  
    

    [image: Fig. 3. Preoperative condition (low afterload) and postoperative result (high afterload). CDA=closed ductus arteriosus; PDA=patent ductus arteriosus.]

  

  Question D. The approach to PLCS should be based on afterload reduction and inotropic support using dobutamine or milrinone, and, in addition, volume expansion may be established to increase preload[1]. Vasopressors like epinephrine may be used, if strictly necessary and in the lowest effective dose, in order to not increase substantially the afterload, which could impair heart function.

   

  BRIEF CONSIDERATION OF THE CASE REPORTED

  Due to the progressive clinical deterioration after an ordinary operating room status, an urgent echocardiogram was performed, showing an important left ventricular dysfunction. So, PLCS was considered, and the treatment was promptly instituted with infusion of dobutamine, low dose epinephrine, and careful fluid management. There was progressive improvement until full ventricular recovery and weaning from inotrope five days later and from mechanical ventilation on the ninth day. The patient was discharged healthy.

   

  LEARNING POINTS

    - PDA is one of the most common congenital heart defects, accounting for 5%-10% of all congenital heart diseases[4].

    - Treatment options include conservative, pharmacological, and surgical approaches[3].

    - PLCS is a rare but serious complication characterized by cardiovascular and pulmonary maladaptation after surgical correction of PDA, resulting in a severe low cardiac output status[1].

    - This condition is life-threatening and a proper afterload and preload control is mandatory[1].
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    ABSTRACT

    Clinical data: Patient diagnosed with common arterial trunk, submitted to pulmonary artery banding in another center and lost to clinical follow-up. Referred to our center at four years old, extremely cyanotic. Chest radiography: Cardiomegaly; attenuated peripheral vascular markings. Electrocardiography: Right ventricular hypertrophy. Echocardiography: Common arterial trunk, but it was not possible to analyze all the structures. Computed tomography angiography: Van Praagh type A4 common arterial trunk. Extremely hypoplastic right and left pulmonary arteries. Diagnosis: Association of aortic arch interruption type A is uncommon and should be considered. Operation: Debanding of pulmonary arteries allowing for possible future complete repair.
    Keywords: Truncus Arteriosus; Aortic Coarctation; Cyanosis; Heart Defects, Congenital; Infant, Newborn.

  

   

   

  CASE PRESENTATION

  Female, four years old, was born in Palmas (Tocantins, Brazil), preterm birth at 33 weeks, one of triplets, with very low birth weight (1.3 kg), small for gestational age. At birth, she presented with respiratory distress and cyanosis, requiring orotracheal intubation. Echocardiogram diagnosed truncus arteriosus.

  She remained in the neonatal intensive care unit for four months and was transferred to another pediatric cardiology specialized center for complete repair. Instead, she was submitted to pulmonary artery banding due to bronchodysplasia, high pulmonary vascular resistance, malnutrition, and unfavorable anatomy.

  The patient lost clinical follow-up with her pediatric cardiologist and was referred to our center at four years old, with failure to thrive and neuropsychomotor developmental delay. There was also a past medical history of several hospitalizations due to respiratory distress and seizures.

  Upon physical examination, the patient was in good general condition, hemodynamically stable, mean arterial pressure around 70 mmHg, and eupneic. Cyanosis, oxygen saturation around 77%, finger clubbing, and ejection systolic murmur grade 2/6 at upper left sternal border were also noted.

   

  TECHNICAL DESCRIPTION

  Chest Radiography

  Visceral and thoracic situs solitus and cardiothoracic ratio of 0,57. The peripheral vascular markings were attenuated.

  Electrocardiography

  Sinus rhythm, heart rate of 115 beats/min, SAQRS +150º, right bundle branch dysfunction, and right ventricular hypertrophy.

  Echocardiography

  Situs solitus in levocardia. Normal venoatrial and atrioventricular connections and anormal ventricular arterial connection.

  Doppler demonstrated a 15-mm ventricular septal defect with no restrictive flow, and moderate truncal valve insufficiency described as bicuspid.

  It was not possible to analyze the main pulmonary artery and its branches, aortic arch, and coronaries, due to echocardiographic window technical difficulty.

  For diagnostic confirmation, the patient underwent complementary computed tomography angiography.

  Computed Tomography Angiography

  Common trunk that trifurcates into banded and very hypoplastic right and left branch pulmonary arteries, ductal continuation to descending aorta, and ascending aorta emerging from common trunk as a side branch. Right and left pulmonary arteries originating from the sides of the common trunk with significant distance between them. Thus, confirming diagnosis of Van Praagh type A4 common arterial trunk (CAT) (Figure 1)[1].

  
    

    [image: Fig. 1.]

  

  Right and left pulmonary arteries are stenotic at the origin (coinciding with the surgical bandage), measuring 1 mm on the right side and 2 mm on the left side.

   

  COMMENT

  Diagnosis

  Truncus arteriosus or CAT is defined as a single vessel usually arising from both ventricles originating systemic, pulmonary, and coronary artery circulation. Significant morphological variability is found in the pattern of great arterial branching from the common trunk. The clinical presentation is dependent on morphological variation, degree of truncal valve regurgitation, and relative resistances of the pulmonary and systemic arterial vascular beds[2].

  From an epidemiological point of view, CAT is an uncommon congenital cardiac malformation accounting for approximately 1 to 4% of all congenital heart diseases[2]. The association of CAT with interruption of the aortic arch is found in approximately 11 to 19% of patients[3]. The interruption is classified as type A, B, or C, according to the location of discontinuity[3]. In a clinical study of 70 patients, 10% had interruption of the aortic arch, and only two patients had interruption distal to the left subclavian artery (type A)[4].

  Russel et al.[5] proposed a simplified categorization for CAT, which aimed to assess whether the common trunk itself continued primarily to supply the aortic or pulmonary component. In the setting of pulmonary dominance, the patient also has hypoplastic or interrupted aortic arch.

  Type A aortic arch interruption in association with CAT is relatively uncommon, has worse prognosis, and should be taken into consideration[1]. Also, we must consider differential diagnosis of transposition of the great arteries with interventricular communication, hypoplastic left heart syndrome, tetralogy of Fallot with pulmonary valve agenesis, and complex heart diseases without pulmonary stenosis[6].

  Precise diagnosis was confirmed by computed tomography angiography, however, despite correct diagnosis, the patient was referred cyanotic, with extremely hypoplastic pulmonary arteries, thus contraindicating the complete repair.

  Operation

  After thorough multidisciplinary heart team discussion, the decision was debanding of right and left pulmonary artery branches. It was performed through median sternotomy and diagnosed a CAT with primary supply to the lungs (pulmonary dominance) and an interrupted aortic arch type A (distal to the left subclavian artery).

  As shown in angiotomography, the right and left pulmonary branches were extremely hypoplastic. The procedure was concluded as planned, aiming the development of the pulmonary artery branches, and allowing for possible future complete repair (Figure 2). Immediately after debanding, saturation increased to 88%.
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  The patient had no postoperative complications and remained hospitalized for five days. She was discharged without complaints and with oxygen saturation of 93%. Currently, the patient is in clinical follow-up without use of medications; future imaging tests will be required for reintervention planning.
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    ABSTRACT

    The modality of repeat revascularization due to late graft failure is a debated topic. The latest available European guidelines recommend redo coronary artery bypass graft (CABG) for cases of extensively diseased and/or occluded grafts and those with diffuse native vessel disease. We present the case of a patient being relieved of recurrent unstable angina pectoris with redo CABG using no-touch saphenous vein grafts after repeated and unsuccessful attempts with percutaneous coronary intervention (PCI). This could be an alternative to PCI in patients with a complex medical history. Teamwork between cardiologists and surgeons is pivotal in deciding the best treatment modality.
    Keywords: Saphenous Vein; Coronary Artery Bypass; Cardiovascular Diseases; Percutaneous Coronary Intervention.
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  INTRODUCTION

  Repeat revascularization due to late graft failure is a debated topic. Limited data from previous studies leave clinicians to decide between redo coronary artery bypass graft (CABG) and percutaneous coronary intervention (PCI). The latest available guidelines from the European Society of Cardiology and the European Association of Cardiothoracic Surgeons recommend redo CABG for cases of extensively diseased and/or occluded grafts and those with diffuse native vessel disease[1]. We present the case of a patient being relieved of recurrent unstable angina pectoris following redo CABG using no-touch saphenous vein grafts after repeated and unsuccessful attempts with PCI.

   

  PROCEDURE

  This case is about a 71-year old male with a previous history of type 1 diabetes mellitus complicated with blindness. He also suffered from chronic renal failure and peripheral arterial disease, resulting in toe amputations.

  In 1990, at age 41, he underwent CABG surgery due to angina pectoris and received a saphenous vein graft (SVG) to the right coronary artery (RCA) and the left internal thoracic artery to the left anterior descending artery. Until 2010 he was relieved of angina pectoris. Between 2010 and 2017, due to recurrent angina pectoris, seven PCI procedures to both the SVG, left internal thoracic artery and native coronary arteries were made, four of which during 2017 (Figure 1). In November 2017, at age 68, he was readmitted due to a new episode of unstable angina pectoris and the angiographic assessment showed in-stent restenosis in all previously treated vessels (Figure 2 and preoperative coronary angiography in supplementary material (Video 1). Due to repeated unsuccessful PCI treatments within a short period of time leading to recurrent episodes of unstable angina, contact was established with the Department of Cardiothoracic Surgery. The decision was made to perform redo CABG surgery, but now using SVG harvested with the no-touch technique. During this procedure, the SVG is harvested with a surrounding pedicle to preserve adjacent supporting tissues[2]. The patient received a no-touch SVG to the left anterior descending artery (graft flow of 60 ml/min) and a sequential no-touch SVG to an intermediate artery and a marginal artery (graft flow of 65 ml/min), as well as a no-touch SVG implanted to the posterior descending artery (PDA) (graft flow of 27 ml/min).
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  Postoperatively, there was a need for extended wound care because of delayed leg wound healing related to the patient’s comorbidities. Diuretics and antibiotics were used. In later postoperative controls, the wound was completely healed and the patient had no complaints.

  After a three-year follow-up, the patient was completely asymptomatic. He kept active by using a cycling machine daily, equivalent to 6,000 to 10,000 steps, without any angina pectoris. He described a greatly improved quality of life and was very happy with the surgical outcome. After approval from the ethics committee (2020-02131) and informed consent was obtained from the patient, a follow-up CT coronary angiography was performed, showing that all vein grafts were patent, which corroborated the relief of angina pectoris and well-being of the patient (central picture and three-year follow-up CT coronary angiography (Video 2) in supplementary material).

   

  DISCUSSION

  Current guidelines suggest redo CABG in cases of extensive and/or occluded grafts and in those with diffuse native vessel disease, based on studies from the AWESOME randomized controlled studies and registry[1]. The use of the internal thoracic artery or other arterial grafts are recommended, if applicable, during the redo procedure. In this case, a patient suffering from multiple comorbidities and use of the left internal thoracic artery during the primary CABG surgery, we did not consider the use of other arterial grafts. The LAD was diffusely diseased and subject to several PCI-stents, which altogether required a longer graft to reach the LAD distally, thus, the use of the right internal thoracic artery was precluded. Furthermore, the risk of mediastinitis in using the right internal thoracic artery was regarded as a greater risk than possible wound issues from the lower leg. Radial grafts were not an option both due to above-described coronary anatomy and also possible future need for a hemodialysis access. Thus, the no-touch saphenous vein graft was considered the best option[1,3,4].

  We described a case of successful redo CABG using no-touch SVGs after recurrent unstable angina pectoris repeatedly and unsuccessfully treated with PCI. This case illustrates that reoperation with good quality conduits can be the solution for complicated cases and it is in agreement with current recommendations.

  Clearly such cases require close communication and cooperation between cardiologists and surgeons to avoid delays and unnecessary patient suffering in deciding the best treatment modality. In this case, it is even more important since the patient was suffering from chronic renal failure. Hence, excessive use of contrast agents should be avoided. This patient received a total of 470 ml of contrast agent during PCI treatments in 2017, as well as excessive doses of radiation during angiographic assessments in the same year.
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    ABSTRACT

    We describe a rare case of isolated right ventricular inferior free-wall rupture and cardiogenic shock caused by occlusion of the distal left circumflex coronary artery. Our case highlights the central role of transthoracic echocardiography in identifying unexpected conditions that can guide management - in our case involving early surgical intervention, thus leading to favourable patient outcomes.
    Keywords: Myocardial Infarction; Echocardiography; Cardiogenic Shock; Heart Rupture; Vascular Diseases..

  

   

   

  INTRODUCTION

  Ventricular free-wall rupture is a well-known complication after myocardial infarction, associated with an overall incidence of 6.2%[1]. The most common presentation is with cardiac arrest and tamponade. However, due to advances in pharmacotherapy and coronary intervention, studies have shown a reduction in the overall incidence of free-wall rupture[2]. Our case is unique from a coronary point of view as it is the only case of isolated right ventricular free-wall rupture caused by distal circumflex coronary artery occlusion.

  History of Presentation

  A 70-year-old male presented to the emergency department with progessively worsening chest pain, palpitations and shortness of breath for four hours. In the past three months, he complained of exertional chest pain that settled at rest and was compliant with his anti-anginal medications. His observations were significant for blood pressure 70/30 mmHg and a sinus tachycardia of 125 beats per minute. On examination he was confused and had signs of poor peripheral perfusion with cool lower extremities, elevated jugular venous pressure, muffled heart sounds and pulsus paradoxus. The patient had known hypertension of which he was on losartan 50 mg once a day. He had a history of heavy smoking for the past 40 years and did not have previous coronary intervention or cardiac surgery.

  An initial electrocardiogram (ECG) revealed inferolateral ST segment elevation (Figure 1A). Significant blood test findings were a raised troponin T of 2,000 ng/L (TnT 14-30 ng/L), negative inflammatory markers (C-reactive protein 0.5 mg/dl, white blood cells 6.0 × 103/ul) and normal kidney function. Given the patient’s unstable hemodynamic state, an immediate bedside transthoracic echocardiogram (TTE) was performed that showed inferior posterior wall hypokinesia, an extensive echo-dense pericardial effusion with right ventricular collapse and inferior vena cava pleathore was observed (Figures 2A to D and Video 1). This prompted an emergency coronary angiogram that demonstrated occlusion of the distal circumlex artery and moderate disease of the diagonal artery (Figures 1B and 1C). Valvular pathology was not seen on TTE. Cardio-thoracic surgery was then consulted as findings of the TTE raised suspicion of right ventricular free-wall rupture (RV FWR) resulting in cardiac tamponade, thereby explaining the elevated troponin and patient symptoms.
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  The patient was initially hemodynamically stabilised with noadrenaline and dopamine. We sought an urgent cardiothoracic surgery consultation that concluded with emergency surgery given the patient’s persistant hypotension, TTE findings and only distal circumflex occlusion on angiogram not amenable to percutaneous intervention. During surgery, after median sternotomy, a significant amount of pericardial hematoma was removed and an RV FWR was seen near the posterior interventircular sulcus (Figure 2E) and repaired by suturing with pledgets (Figure 2F). The procedure was performed on-pump in the arrested heart. Further attempt to revascularise the distal circumlex artery was not considered as most of the territory appeared to be infarcted.

  The patient was extubated 24 hours after surgery and inotropic support was weaned. Post-operative TTE showed improvement of left ventricular ejection fraction to 50% with minimal pericardial effusion (Figure 2D and Video 2). The post-operative course was uneventful and the patient was discharged 8 days after surgery. At the 1-month follow-up appointment, his symptoms had completly resolved and a repeat TTE showed no further change in ejection fraction or pericardial fluid size. He remained on optimal heart failure medical therapy and will have a follow-up TTE in 12 months.

   

  DISCUSSION

  Mechanical complications following acute myocardial infarction can lead to free-wall, papillary or interventricular septal rupture, thus carrying high mortality (40-80%) if not diagnosed and managed in a timely manner[3]. Echocardiography is a key tool in assessment of the heart function following myocardial injury and can help guide management. RV FWR is an uncommon finding on TTE and its assessment can be difficult. This could be due to limited views for evaluation of the right ventricle due to its crescent shape, substernal location and presence of artifacts. Consequently, definitive diagnosis sometimes can only be found on surgical exploration. In our case, TTE helped to identify the echodense fluid around the heart most consistent with hematoma (Figures 2A and 2B), thus guiding our differential for RV FWR that was confirmed on surgical exploration. Complex cases like ours emphasise the importance of a multi-disciplinary appraoch when managing high-risk patients. Through early realisation of RV FWR with the utilisation of TTE, cardio-thoracic teams were notified in a short period, thus working together for favourable patient outcomes.

  According to Furukawa et al.[4], RV FWR caused by left anterior descending coronary artery occlusion is associated with ventricular septal rupture. There is a case of septal and right ventricular wall rupture caused by left circumflex artery occlusion and rare cases of isolated RV free-wall rupture caused by right coronary artery occlusion[3,5,6,7].

   

  CONCLUSION

  In conclusion, this is a rare case of isolated RV FWR secondary to occlusion of the distal circumflex artery due to an inferolateral myocardial infarction that led to cardiac tamponade and was succesfully treated with emergency surgery. This case illustrates the importance of careful evaluation of TTE findings as subtle findings can help to identify correct diagnosis and guide management. This case also highlight the need to keep in mind the possibility of solitary right ventricular free wall rupture as a mechanical complication of inferolateral acute myocardial infarction.
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  Minimally invasive extracorporeal technologies (MiECT) are in great expansion in the literature and have an impact in adult cardiac surgery, however, a future challenge will be to expand MiECT to pediatric cardiac surgery. In the context of pediatric MiECT, there are not enough studies in the literature on this topic, which seems a paradox because the optimizations in cardiopulmonary bypass (CPB) are the essence on literature and practice in the pediatric approach during cardiac surgery. In pediatric cardiac surgery, body weight-adjusted miniaturized CPB circuits within a comprehensive blood-sparing approach can reduce transfusion requirements. Haemodilution resulting from mixing the patient's blood with a CPB crystalloid solution may be reduced to the extent that asanguineous priming becomes possible [1]. Therefore, we adopted asanguineous priming in our clinical routine [2]. However, optimizations in the traditional circuit, if on the one hand reduce the consumption of blood products, on the other, require the use of vacuum-assisted venous drainage (VAVD). VAVD is essential to reduce the length of the circuit, to place the oxygenating system and the venous reservoir at the child patient's height and to optimize venous return. We read with high interest the article “Impact of Vacuum-Assisted Venous Drainage on Forward Flow in Simulated Pediatric Cardiopulmonary Bypass Circuits Utilizing a Centrifugal Arterial Pump Head”, by Guimarães et al. [3]. The authors analyze the impact of VAVD on arterial pump flow in a simulated pediatric CPB circuit utilizing a centrifugal pump (CP) with an external arterial filter. The study concluded that the use of VAVD reduces arterial flow when a CP is used as the main arterial pump. The reduction in forward arterial flow increases as the vacuum level increases. The loss of forward flow is further reduced when the arterial filter purge line is kept in the recommended open position. The use of a minimally invasive extracorporeal circulation (MiECC) system would allow, in this context, to maximize the benefits already obtained with the optimized CPB, removing and eliminating the use of VAVD, roller pumps and blood-air interface (BAI). In a study by Kadner et al. [3], a total of 38 pediatric patients underwent surgical interventions for a variety of congenital heart diseases with MiECC. In these patients, MiECC perfusion was successfully performed in all patients (100%). Median patient age was 9.5 months (range 0.2-176 months) with a median weight of 8.1 kg (range 2.3-49 kg). For both MiECC types, no system-related technical complications were found. MiECT can be performed using standard techniques for closed and open cardiac procedures for the correction of a variety of malformations in neonates and children with good results and uneventful postoperative course.
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  In the article “After Thirty Years, We Still Cannot Understand Why Methylene Blue is not a Reference to Treat Vasoplegic Syndrome in Cardiac Surgery”, with DOI code http://dx.doi.org/10.21470/1678-9741-2021-0955 published in the Brazilian Journal of Cardiovascular Surgery, 36.3, the surnames of the fourth, fifth and sixth authors are misspelled:

  In the original version the information was:

  Paulo Roberto B. Evora1, MD, PhD; Ricardo O. S. Soares2, MD; Solange Bassetto1, MD; Maria Auxiliadora Martins1, MD, PhD; Fábio Luis da Silva Silva1, MD; Anibal Basile Filho1, MD, PhD

  The correct information is:

  Paulo Roberto B. Evora1, MD, PhD; Ricardo O. S. Soares2, MD; Solange Bassetto1, MD; Maria Auxiliadora-Martins1, MD, PhD; Fábio Luis-Silva1, MD; Anibal Basile-Filho1, MD, PhD
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Fig. 2 - Virtual reconstruction of the target anatomy from computerized tomography
angiography images (segmentation process). A) Exterior view of the aorta. B) Interior
view of the aorta showing a calcified bicuspid aortic valve. C) Details of the coronary
sinuses and arteries.
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Fig.3-Preoperative condition (low afterload) and postoperative rsult
(high afterload). CDA=closed ductus arteiosus; PDA=patent ductus
arteriosus.





OPS/images/a17img5.png





OPS/images/a17img6.png





OPS/images/a17img3.png





OPS/images/a17img4.png





OPS/images/a5img2.png
Table 1. Baseline characteristcs of patients who underwent MIS mitral valve repair via RT and PA

Characteristic g o) Pvalue
Age (years) 6233+1204 61.37+9.99 020
Male, n (%) 18(85.71%) 11 (68.75%) 021
Female,n (%) 3(1428%) 5(125%)

LVEF (%) 57.90+9.26 5462+9.26 017
EuroSCORE Il (%) 403+7.12 460+8,12 056
Hematocrit (%) 3333+2.08 32.75+2.59 0.16

EuroSCORE=European system for cardiac operative fisk evaluation; LVEF—left ventricular ejection fraction; Mis=minimally invasive
surgery; PA=periareolar access; RT=right minithoracotomy
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Fig. 1 - Dedicated Ozaki sizer. AV=anterior mitral leaflet; AS=atrial side; LA=left atrum; LCC=left coronary cusp; NCC=non-coronary cusp;
RA=right atrium; RCC=right coronary cusp; STi=sinotubular junction; VS=ventricular side
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Table 2 Intraoperative and in-hospital postoperative outcomes of patients who underwent MIS mitral valve repair via RT and PA

Outcome g ) Pvalue
Intraoperative outcomes

Incision length (cm) 3712064 4254106 025
CPB time (minutes) 1135243045 1193113233 084
Aortic cross-dlamping time (minutes) 8133:1841 820642184 028
Conversion to sternatomy, n (%) 0(0%) 0(0%) -
In-hospital postoperative outcomes

Time to extubation (hours) 4854171 5624108 004
Chest tube drainage (ml/24 hours) 3238141393 3093741625 043
Transfusion of red blood, n (%) 0(0%) 0% -
ICU length of stay (hours) 3441646 2962+166 054
Total length of stay (days) 400:053 4251044 079
Hernatocrit (%) 33334208 32754259 0l6
In-hospital death, n (%) 0(0%) 0(0%) -

‘CPB—cardiopulmonary bypass; ICU=intensive care unit; MIS=minimally invasive surgery; PA—periareolar access; RT—right
minithoracotomy
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Fig.2-Schematic display o extendedrealiies. A) Virtualrealiy:digtal space’s completely
separated from the environment. 8) Augmented reality: digital space is integrated info
the users' natural environment. C) Mixed reality: the user is able to stay in i natural
environment and stillinteract with the digital information.
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Fig. 1-(A) Right minithoracotomy and 8)
valve surgery.

iareolar access incisions for minimally invasive mitral
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Table 2. Perioperative risk factor for sternal infection.

Characteristics DSWI(n=63) | Without DSWI(n=893) |  P-value

BITA grafts n (%) 6(195%) 22(25% 0008
Use of topical wax, n (%) 12(19%) 103 (115%) 007
Use of topical vancomycin, n (%) 24(381%) 682 (76:4%) <0001
Total time of surgery, (min), median (25 and 75 percentiles) 125(110-143) 150 (128170) 06
Operative time, hrs

< 12(19.7%) 97(109%)

23 BG41%) 638 715%)

34 13013%) 144 (16.1%) <0001

45 101.6%) 110.2%

55 2(33%) 202%)

BTA=bilateral internal thoracic artery
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Fig. 4 — Intercommissural distance and final aspect of the neovalve. LCA=left coronary artery; RCA=right coronary
artery
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Table 3. Postoperative risk factors for stemal infection.

Characteristics DSWI (n=63) Without DSWI (n=893) Pvalue
Creatinine, median (25 and 75 percentiles) 86 (73-110) 104 (87-116) 018
Reoperation for postoperative complications 28 (264%) 192.1%) <0001
Stroke, n (%) 348%) 708% 002
Blood transfusion, n (%) 19 306%) 87 98%) <0001
Plasma transfusion, n (%) 607%) 44(49%) o1
Delirium, n (%) 5 (79% 1501.7%) 0008
Perioperative M, n (%) 1016%) 404% 02
Sepsis,n (%) 262% 10.1% [
ARE,n (56) 7079% 708% 0001
Tracheostomy, n (%) 348%) 0(0%) <0001
Hospital stay (days), median (25 and 75 percentiles) 336287) 1013 <0001
Mortality,n %) 348%) 101%) 0001

ARI

\cute renal failure; Mi=myocardial infarction
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Table 1. Preoperative risk factors for sternal infection.

Characteristics DSWI (n=63) Without DSWI (n=893) Pvalue

Age (years), mean+SD 6247 63461 09
Age 265 years, n (%) 22349%) 306 (433%) 09
Male gender, n (%) 54(85.7%) 761 (852%) 09
Active smoking, n (%) 33 (524%) 3731418%) o1
Diabetes melltus, n (%) 19302%) 234(262%) 05
Body mass index (kg/m?), mean+SD. 31431 31442 o1
BMI >40 kg/m? n (%) 507.9% 170.9% 001
NYHA classification, n (%)

i 22349%) 323(62%

] 32(508%) 406 (455%)

n 90143%) 161 (18%) 07

W 00%) 3(03%)
COPD.n (%) 1422.2%) 123(138%) 006
Carotid stenosis,n (%) 9(143) 96 (108%) 038
Lower extremity atherosclerotic artery disease, n (%) 15238%) 647.2%) 0001
Stroke,n (%) 262% 150.7%) 03

BMI=body mass index; COPD=chronic obstructive lung disease; HoAT c—glycated hemoglobin; NYHA=New York Heart Association;
SD=standard deviation
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Fig. 1-Blood pressures. Effect of anaphylactic shock caused by compound 48/80 (C48/80) and treated with indigo carmine 1C) in pigs. A) Mean
arterial prssure (MAP); B) mean pulmonary arterial pressure (MPAP); C) pulmonary capillary pressure (CP); D) mean central venous pressure
(MCVP). At minute 0, the control (C) group received saline (5, the C48/80 and C48/80 + IC groups received C48/80, the IC and IC + C48/80 groups
received IC. Atminute 10, the C, IC, and C48/80 groups received s, the C48/80 + IC group received IC, and the IC + C48/80group received C48/80.
'Data represent means + standard error of mean and analyzed by two-way analysis of variance (ANOVA), Dunnett post-test (n=5). "“/P<0,05;
HMPLO0] (*Cvs, C48/80 -+ IC; + C vs. CA8/B0; *Cvs. IC + C48/80).
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Table 4. Univariate and multivariate logistic regression analysis showing parameters associated with DSWI after OPCAB.

Variables mf?fﬁi"@?i a | Pl ndd:ﬂm:;:% Pvalue
BMI >40 kg/m? 44(15-123) 001
Lower extremity artery disease 4(21-76) 0001 39(1.7-85) 0001
Use of BITA grafts 4.1(16-107) 0008 46(14-146) 001
Use of topical vancomycin 0.19(0.11-032) <0001
Reoperation for postoperative complications 16.5 (8.8-30) <0001 345 (14.05-849) <0001
Stroke 63(15-25) 002
Slood tansfusion 40273 <0001
Plasma transfusion 5(17-143) 0008
Sepsis 2006327) 001
ARF 10 (33-354) 0001 103 (23-472) 0.002

ARF=acute renal failure; BITA=bilateral internal thoracic artery; BMI=body mass index; Cl=confidence interval
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Fig. 1 - (4 Electrocardiography demonstrating acute inferolateral myocardial infarction with ST segment elevation in leads I I, aVF, Vs and
V6. (8) Coronary angiogram demonstrating total acclusion of left circumflex artery (LCx i right anterior ob

e caudal view. (C) I the left
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Fig.4-Acid-base data. Effect of anaphylactic shockcaused by compound 48/80 (C48/80) and treated with indigo carmine (IC)in pigs. A) pH; B)
partialpressure of oxygen (p02); ) Partial pressure of carbon dioxide (pCO2); D) bicarbonate. At minute 0, the control (C) group received saline
(5), the C48/80 and C48/80 -+ IC groups received C48/80, the ICand IC + C48/80 groups received IC. At minute 10, the C IC, and C48/80 groups
received , the C48/80 + IC group received IC, and the IC + C48/80 group received C48/80. Data represent means + standard error of mean and
analyzed by two-way analysis of variance (ANOVA), Dunnett post-test (n=5). */P<005; *¥#P<0,01; ""*P<0,001; ™""*P<0,0001 (*C vs.
(C48/80 + IC; + C vs. C48/80; *C vs. IC + C48/80).
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Fig. § - Hemoglobin, hematocrit, oxygen saturation and lactate. Effect ofanaphylactic shock caused by compound 48/80 (C48/80) and treated
with indigo carmine () in pigs. #) Hemoglobin; €) Hematocrit; C) Oygen saturation (S02); D) Lactate. At minute 0, the control (C) group
received saline (5, the C48/80 and C48/80+C groups received C48/80, the IC and IC+C48/80 roups received IC. At minute 10, the C, IC and
C48/80 groups received S, the C48/80+IC group received IC and the IC+C48/80 group received C48/80. Data represent means + standard error
‘ofmean and analyzed by two-way analysis of variance (ANOVA), Dunnett post-test (n=5). * P<0,05; 7+ P<0.01;*+*" P<0,001; " P<0,0001
(Cvs. C48/B0+IC; + C vs. C48/80; °C vs. IC-+C48/80)
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Fig. 2 - Cardiac output. Effect of anaphylactic shock caused by compound 46/80 (C48/80) and treated with indigo carmine (C) in pigs. A)
Cardiac output (CO); B) cardiac output index (CO)). At minute 0, the control (C) group received saline (5, the C48/80 and C48/80 + IC groups
received C48/80,the IC and IC + C48/80groups received IC. At minute 10, the C. IC, and C48/80 groups received s the C48/80-+ IC group received
IC. and the IC-+ C48/80 group received C48/80. Data represent means + standard error of mean and analyzed by two-way analysis of variance
(ANOVA), Duniett post-test (n=5). No statistical difference was observed.





OPS/images/a22img5.png
No touch graft

e ga
A
e

No touch gratts

o inermediate

o tragines
anery






OPS/images/a7img3.png
A B

it T e e
o
2o
H H
o
2o
2o
o 2o
o 10 2 ) “© s © w-.a o 10 2 0 “© E) ©
Time (min) Rl Time (min).
p
T Clrone
. c . D

w by w4 :

: £
¥
0 +
-
. .
e e

Fig. 3 -Vascular resistances. Effect of anaphylactic shock caused by compound 48/80 (C48/80) and treated with indigo carmine (IC) in pigs. A)
Systemic vascular resistance (SVR); ) systemic vascular resistance index (SVRI); C) pulmonary vascular resistance (PYR): D) pulmonary vascular
resistance index (PVRI). At minuite 0, the control (C) group received saline () the C48/80 and C48/80+1C groups received C48/80, the IC and IC +
C48/80 groups received IC. At minute 10, the , IC, and C48/80 groups received s, the C48/80 + IC group received IC, and the IC + C48/80 group
received C48/80. Data represent means < standard error of mean and analyzed by two-way analysis of variance (ANOVA), Dunnett post-test
(n=5). "P<0.05; (*C vs. C48/80+1C).
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Video 1 - Preoperative coronary angiography showing LITA prior
toredo CABG.

Video 2 - Three-year follow-up CT coronary angiography.
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Fig. 6 -Urea, creatinine, and nitrate.Effect of anaphylactic shock caused by compound 48/80 (C48/80) and treated with indigo carmine (IC)in
pigs. A) Urea; B creatinine; C) nitrate. At minute 0, the control () group received saline (5), the C48/80 and C48/80-+ IC groups received C48/80,
the IC and IC-+ C48/80 groups received IC. At minute 10, the C,IC and C48/80 groups received S, the C48/80 + IC group received IC, and the IC
+ C48/80 group received C48/80. Data represent means  standard error of mean and analyzed by two-way analysis of variance (ANOVA),

Dunnett post-test (n=5). *P<0,05; #P<0,01. (*Cs. IC + C48/80).
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2010 - Recurrent angina pectoris
May 2010 - PCI - CX
0Oct 2010 - PCI - Instent restenosis CX
Nov 2016 - PCI - conventional SVG-RCA + LITA-LAD
Jan 2017 - PCI - Instent restenosis LITA-LAD
June 2017 - PCI - Instent restenosis conventional SVG-RCA + right osteal dissection
June 2017 - PCI - LITA - LAD
Aug 2017 - PCI - Left mainstem - CX

Nov 2017 - Instent restenosis Left mainstem - CX - consult cardiothoracic surgeon

!

Dec 2017 reop-CABG - NTSVG - PDA, NT sequential SVG - IM - Marginal, NTSVG - LAD

!

Oct 2020 - CT angiography. No angina pectoris.

Fig. 1 - Flowchart of the revascularization treatment of the patient. CABG=coronary artery bypass graft; Ge=circumflex artery; LAD=left
anterior descending artery; LITA=lef intemal thoracic artery; NT=no-touch; NTSVG=no-touch saphenous vein graft; PCl=percutaneous
Ccoronary intervention; RCA=right coronary artery
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Fig. 7 - Flectrolytes Effect of anaphylactic shock caused by compound 48/80 (C48/80) and treated with indigo carmine (C) in pigs. A) Sodium;
B) potassium; C) calcium. At minute 0, the control (C) group received saline (5), the C48/80 and C48/80 + IC groups received C48/80, the ICand
IC -+ C48/80 groups received IC. At minute 10, the C, IC, and C48/80 groups received S, the C48/80 + IC group received IC, and the IC + C48/80
‘group received C48/80. Data represent means + standard error of mean and analyzed by two-way analysis o variance (ANOVA), Dunnett post-
test (n=5). ##P<0,0001. (*C vs. IC + C48/80).
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Table 1. Demographic data and study parameters.

Dy | TAMH(=14) Povalue

Demographic data
Age (mean+5D) 57.83+10.89 5864+1544 0859

Fermale 1086%) 5G57% 0735
Gender,n 60

Male 25 71.4%) 9 643%
Malignancy 128%) B
Bicuspid aorta B B
Hypertension 16@57%) 5G57%
Diabetes melitus 128% -
Radiological parameters
Aortic dimension (mean+SD) 5364+7.96 54641978 0382
Dimension of IMH (mean+SD) - 18434823
Intraoperative parameters
Hypothermic circulatory arrest times (minutes, mean+SD) 1256045542 101.64+37.17 0215
CPB times (minutes, mean+SD) 21243+11121 165.57+5087 0.138
Postoperative parameters
ICU length of stay (days, mean+SD) 669+1069 6294641 0480
Hospital length of stay (days, meantSD) 12071359 12931893 0488
Mortality, n (%) 12 (34.3%) 2(143%) 0294
Postoperative complications
Ulnar nerve imjury 128%) B
Preumonia 266% 2043%
ECMO 1(28%) 2(143%)
Transientschemic atack 128% -
Post perfusion syndrome 3(84%) B
Pneumothorax 1(28%) -
Reoperation 3 (84%) 3 (21.45%)
1ABP 2 (56%) 2(143%)
Acute renal injury 3 (84%) 2(143%)
Hemodialysis 1(28%) 1(7.15%)
CPB=cardiopulmonary bypass, ECMO=extracorporeal membrane oxygenation; IABP=intra-aortic balloon purnp; ICU=intensive care

unit; IMH=intramural hematoma; SD=standard deviation; TA-MH=type A intramural hematoma
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Fig. 2 - Forest plot for postoperative stroke. BAV=bicuspid aortic valve; Cl=confidence inerval: M-+=Mantel-Haenszel: TAV=tricuspid aortic
valve.
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Table 2. Newcastle-Ottawa Scale.
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Fig. 4 - Forest plot for postoperative permanent pacemaker requirement. BAV=bicuspid aortic valve; Ci=confidence interval; M-H=Mantel-

Haenszel: TAV=tricuspid aortic valve
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Table 1. Summary of all included studies.

. Year of BAV/ TAV .
Article Study type (1=1077) | (n=4165) Summary of article
fetrospective TAVI in patients with BAV provides both
Aalei-Andabilietall | 2018 ;’; 2 % comparable immediate and mid-term
< outcomes with TAV and is feasible.
In selected patients, TAVI for BAV can provide
Prospect satisfactory results. Risk of relevant AR appears
Bauer et al19l 2014 fospective 38 1357 | greater in patients with BAV: however, both 30-
cohort
day and 1-year mortalties were not elevated in
relation to TAV.
More complex anatomy associated with BAV
Prospective at baseline leads to lower device success rates,
4
De fiase et ol 2018 cohort 8 166 but this s not associated with higher 30-day
mortalites
Prosmectve Selected high-risk BAV patients can be
Kochman et a1 2014 pect 8 8 successfully treated with TAVI and have similar
cohort
outcomes to non-BAV patients.
Prosmectve TAVI for BAV looks safe and effective, with
Liao et all! 2018 pect 87 70 comparable bioprosthetic valve functionality
cohort
compared to TAV.
Prospective There was no difference between the success of
Liu etall™ 2015 (j:;n 15 25 device, 30-day mortality or the 30-day combined
endpoints between TAVI in BAV and TAV.
TAVI appears safe and effective in BAV, with
Retrospective o differences in post-procedure mortality, or
o
Sanninoetal 217 cohort L 735 | 30.day cardiovascular mortality compared to
patients with TAV.
TAVI in BAV was associated with similar
Prospective and rognosis but had lower device success.
Yoon etal P! 2017 retrospective 546 546 prog!
oy Procedural differences occurred with early

devices, but not with new generation ones.

‘AR=aortic requritation; BAV=bicuspid sortic valve; TAV=tricuspid aortic valve; TAVi-transcatheter sortic valve implantation.
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147 (P=0.14)
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Fig. 3 - Forest plot for postoperative acute kidney injury. BAV=bicuspid aortic valve; Ci=confidence interval; M-H=Mantel-Haenszel;

TAV=tricuspid aortic valve
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Table 5. Postoperative outcomes of the included patients. The first number is the number of patients with the event or the sample
mean value  standard deviation of the variable, and the second is the number of patients for whom the event was described.
Statistically significant differences were marked with an asterisk (?).

TAV (n=3079) RR/WMD [95% CI] Povalue
Device success (%) 712/830 (858) 2812/3000 (935) RR096[090,1.03] 024
Bleeding (%) 83/764(109) 183/1460 (125) RR1.00[072,139] 098
Conversion to open surgery (%) 12/746 (161) 16/2178 (0.73) RR289 [053,1583] 022
Vascular complications (%) 38/802 (474) 105/2817 3.73) RR1.02 (066, 156] 094
‘Trans-aortic valve gradient (mmHgz3D) 0.74+596 978+5.15 WMD 0.9 [-036,054] 070
ARmore than grade 2 (%) B88/815(108) 303/2984(102) RR153[1.17,199] 0002
Stroke (%) 23/917 251) 88/3179277) RR122[069,214] 049
Acute kidney injury (%) 14/677 (207) 23/1390 (166) RR178 (083,385 014
PPM requirement (%) 158/917 (17.2) 776/3079 (25.2) RR098[082,118] 086
30-day mortality (36) 43/917 (469) 210/3079 (682) RR1.17[078,173] 045
1-year mortality (%) 76/787 (966) 414/2792 (148) RR0.89 (068, 1.17] 041

‘AR=oortic regurgitation; BAV=bicuspid aortic valve; OR=odds ratio; PPM—permanent pacemaker; RR—risk ratio; SD=standard
deviation; TAV=tricuspid aortic valve; WMD=weighted mean difference
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Fig. 5 Forestplot forpostoperative 30-day mortality. BAV=bicuspid aortic valve; CI=confidence interval: M-H=Mantel-Haenszel; TAV=tricuspid
agortic valve
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Table 3. Baseline characteristics of the included patients. The first number is the number of patients with the event or the sample
mean value  standard deviation of the variable, and the second i the number of patients for whom the event was described.

Statistically significant differences were marked with an asteris (°).

Baseline variable BAV (n=917) TAV (n=3079) OR/WMD [95%CI] P-value
Age (yearsSD) 7684743 785+7.12 WMD-089 [-160,-0.17] | 002
Male (%) 562/917 (613) 1554/3079 (50.5) OR1.10[0.93,131] 027
Diabetes mellitus (%) 226/917 (246) 980/3079 318) OR1.00[082,121] 098
Previous stroke (%) 130/917 (142) 3573079 (116) OR1.20[0.94,154] 015
Peripheral arterial disease (%) 177/834 212) 690/2913 (237) OR095[067,134] 076
Hypertension (%) 603/879 (686) 1293/1722 (75.1) OR 095 [0.78, 1.16] 061
COPD (%) 194/834 (233) 660/2913 (22.7) OR1.05[0:84,132) 067
Ischaemic heart disease (%) 175/339 (516) 1472/2437 (604) OR099[0.76,129] 092
Previous CABG (%) 75/710(106) 34012178 (156) OR085[062,117] 033
Previous PCI (%) 180/797 (226) 700/2248 315) OR089[071,111] 031
NYHA class IV (%) 632/797 793) 1874/2248 (834) OR1.09[086,137] 048
Atrialfibrillation (%) 49/273 (179) 189/996 (19.0) OR094[064,138] 074
EuroSCORE (%5D) 1742105 194126 WMD-1.15 [-263,033] 013
STS score (%5D) 610+388 653398 WMD 0.06 [-0.28,040] 073
Aortic valve area (cm’5D) 0629:0173 06600239 WMD -0.03 [-006, 001] o
Trans-aortic valve gradient (mmHgz3D) 5262173 4982161 WMD 173 [031,3.16] 002
Aortic annular diameter (mm:SD) 2364442 2433372 WMD -0.23 [-163, 1.17] 074
Left ventricular ejection fraction (%:5D) 513:142 5362130 WMD 260 [-5.57,037] 009
Ascending aortic diameter (mm:SD) 3842500 3421363 WMD392[302,483] | <00001*

BAV=bicuspid aortic valve; CABG=coronary artery bypass graft;
disease; NYHA=New York Heart Association; PCl=percutaneous coronary intervention; STS=Society of Thoracic Surgeons;

'WMD=weighted mean difference

i=confidence interval; COPD=chronic obstructive pulmonary
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Table 4. Operative outcomes of the included patients. The first number is the number of patients with the event or the sample mean
value + standard deviation of the variable, and the second s the number of patients for whom the event was described. Statistically
significant differences were marked with an asterisk (°).

BAV (n=017) TAV (n=3079) OR[95%CI] Pvalue
Transfemoral (%) 689/329(831) | 2015/2330(865) 082(052,128] 037
Vascularaccess | Transapical (%) 22/186(118) 216/2272 951) 1.111068,180] 068
route Transaortic (%) 6/2842.11) 48/2463 (1.95) 1141042,308] 080
Others (%) 4/201(199) 57/2297 (248) 091[033,247] 085
Sapien XT (6)x 175/606 (289) 218/726 (300) 1011079,129] 095
CoreValve (%) 256/746(343) | 13912178(639) 1061062,183] 082
Venus A (%) 64/102 (628) 60/95 (632) 0811036183 061
Type of valve used
SAPIEN 3 (%) 232/699332) 507/2165 234) 1381076,253] 029
Lotus (36) 46/629 (731) 51/712(716) 094[062,143] 078
EvolutR (%) 39/629 (620) 114/712 (164) 0491006, 4131 051

icuspid aortic valve: OR—odds ratio; TAV=tricuspid aortic valve
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Fig. 7 - Trial sequential analysis diagram for 30-day mortalit. BAV=bicuspid
aortic valve; TAV=tricuspid aortic valve
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Fig. 8 - Tial sequential analyss diagram for I-year mortality. BAV=bicuspid
aortic valve; TAV=tricuspid aortic valve
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Fig. 11 - Rateof significant postoperative aortic regurgitation i studies according
to the year of publication. A decreasing trend is apparent. BAV=bicuspid aortic
valve; TAV=tricuspid aortic valve
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Fig.9-Tralsequential analyss diagram forpostoperative permanent pacemaker
requirement. BAV=bicuspid aortic valve; TAV=tricuspid aortic valve:
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Fig. 10- Tralsequential analysi diagram for postoperativestroke. BAV=bicuspid
aortic valve: TAV=tricuspid aortic valve
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‘Table 1. Assessment of access to cardiac surgical carein low- and middle-income countries (LMICs) before and during the coronavirus
disease 2019 (COVID-19) pandemic, and opportunities for post-COVID-19 cardiac surgical scaling

Pre-COVID-19

Du

g COVID-19

Post-COVID-19?

Acces:

~4,000 cardiac centers

Lockdowns and travel restrctions
impede travel to regional centers

Temporary regionalization of
cordiac core

Few, ifany, centersin LMICs.

No“hot" vs. cold" centers

Inclusion of cardiac care within
NSOAPs

Regionalization of centers within
and between LMICs

Capacity

High-income countries have
180x higher cardiac surgeon
density than low-income
countries

Shift to COVID-19 care

‘Government collaborations to train
cardiac surgeons and cardiac teams
in countries with existing training
programs

NGO and visiting team support

Use of resources for COVID-19 care

‘Optimizing supply chains in
collaboration with industry

Risk of health worker infection

Fostering local economies of scale

Quality

‘Widely variable outcomes mostly
defined by resource constraints

COVID-19 complicates
postoperative disease course

Excellent outcomes suggest
feasibilty of cardiac surgery

Limited knowledge of COVID-19 in
cardiac surgery

Meaintain and expand quality
improvement mechanisms
tosupport pre, per, and
postoperative care delivery

Affordability

Limited financial sk protection

Furloughs, unemployment, limited
government support

Integration of cardiac surgical care
in universal health coverage and
financial sk protection models

High procedural costs elative to
living standards

Reduced subsidized services by
NGOs and visiting teams

Innovative inancing mechanisms

Subsidized procedures by NGOs
and visiting teams

NGOs=non-governmental organizations; NSOAPs=National Surgical, Obstetric, and Anesthesia Plans
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Fig. 2 - Interpreting diagnostic tests for coronavirus disease 2019 (COVID-19) (with permission, JAMAV'®. lgG=immunoglobulin G;
Igh=immunoglobulin M; PCR=polymerase chain reaction; SARS-CoV-2=severe acute respiratory syndrome coronavirus 2





OPS/images/a15img18.png
Supplementary Material

Cardiovascular Evidence Review Collaboration (CVERC)
investigators

Jeffrey Shi Kai Chan, Division of Cardiology, Department of
Medicine and Therapeutics, Prince of Wales Hospital, Hong
Kong; Faculty of Medicine, The Chinese University of Hong
Kong, Hong Kong

Amer Harky, Department of Cardiothoracic Surgery,
Liverpool Heart and Chest Hospital, Liverpool, United
Kingdom

Hummad Anwar, University Hospitals of Leicester NHS
Trust, Leicester, United Kingdom

Christiana Bithas, Southport and Ormskirk Hospital NHS
Trust, Southport, United Kingdom

Grace Chaplin, School of Medicine, University of Liverpool,
Liverpool, United Kingdom

Chun Ming Chiu, Brighton and Sussex Medical School,
University of Sussex, East Sussex, United Kingdom

Fiona Choi, School of Medicine, University of Liverpool,
Liverpool, United Kingdom

Dileep Duwa, Department of Cardiothoracic Surgery,
Liverpool Heart and Chest Hospital, Liverpool, United
Kingdom

Ka Siu Fan, St George's Medical School, University of
London, United Kingdom

Shahi Ghani, St George's University of London, Tooting,
United Kingdom

Ciarin Grafton-Clarke, School of Life Sciences, University of
Leicester, Leicester, United Kingdom

Shubhi Gupta, School of Medicine, University of Liverpool,
Liverpool, United Kingdom

Kantida Koysombat, School of Medicine, University of
Liverpool, Liverpool, United Kingdom

Ji Yen Ku, School of Medicine, University of Liverpool,
Liverpool, United Kingdom

Ter-Er Kusu-Orkar,Pilgrim Hospital, Boston, United Kingdom
Jason Lee, School of Medicine, University of Liverpool,
Liverpool, United Kingdom

Beverly MacCarthy-Ofosu, Countess of Chester Hospital,
Chester, United Kingdom

Nina Oguamanam, East Sussex NHS Trust, East Sussex,
United Kingdom

Pratik Rai, School of Medicine, University of Liverpool,
Liverpool, United Kingdom

Siddiq Ur Rehman, Southport and Ormskirk Hospital NHS
‘Trust, Southport, United Kingdom

Sugeevan Savarimuthu, Broomfield Hospital, Chelmsford,
East of England Deanery, United Kingdom

Sukhdeep Singh, Faculty of Medicine, The Chinese
University of Hong Kong, Hong Kong

Pawel Sokal, School of Medicine, University of Liverpool,
Liverpool, United Kingdom

Wing Yan Elizabeth Wong, Brighton and Sussex Medical
School, University of Sussex, East Sussex, United Kingdom
Sevim Zaim, School of Medicine, University of Liverpool,
Liverpool, United Kingdom





OPS/images/a16img1.png
=
NS
SR MO
SIS

Fig. 1 - Cardiac involvement in coronavirus disease 2019 (COVID-19).
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Table 1. Electron microscopic scoring criteria for specimens.

IR group Prgroup P
Intracellular edema 425:09 200:000 [
None o
+ [
++ 2

Axonal degeneration

Normal myelin layers

Splitting of myelin layers

Fragmentations of myelin loyers

90 I e

Honeycomb appearance

Axonal/myelin degeneration

None [

Yes 1

Mitochondrial injury

Normal 0

Mild 1

Severe 2
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Table 2. Spectrometry analysis of propolis.

Compounds % ratio
2-methoxy-4vinylphenol 530
6-phenyk-s-hexenoic acid, methyl 102
Gualol 040
Dodecancic acid ethyl ester T
‘Agarospirol 055
Bicyclof# 40ldec-1-ene, 2-isopr 08
2-naphthalenemethanol decahydro 460
2-naphthalenemethanol 12344 431
Naphthalene, 124356 8-hexah 074
(IR758)7-s0propyk4, 10-dimet. 039
Alpha-bisabolol 379
Benzyl benzoate 5
7--hydroxypropan-2yi-1 da-di 101
rspathuiencl 038
(IR 42R7R83R-7-0-Hydroxyprop. an
Tetradecanoic acid,ethyl ester 063
Hexadecanoic acid ethyl ester 426
4 dimethyl 2 sopropylphenant 010
(©-cnnamyl benzoate 15
Benzyl innamate 258
Heptadecanoic acid,ethyl ester 036
I-propene-12,3tricarborylic ac 0z
Linoleic acid ethyl ester 241
Ethyl oleate 1023
2propenoic acid, 3¢-hydroxy-3. 72
Benzaldehyde, 4-dimethory-23- 077
Octadecancic acid, ethyl ester 174
Trans ferulic acid 154
Butylctate| 24
(12R 425825) 42 88-trmethy-1 2
2phenanthrenol, 45678829, 72
Feruginol 055
T-phenanthvenemethano), 1234, 064
4H-1-benzopyran--one 2 3-dihydro 635
Cinnamyl cinnamate 358
Eicosanoic acid,ethyl ester 297
Cedrol 145
2-facetorymethyl)-3-(methoxycarb. 055
Pyrido[2.3-dlpyrimidine, 4-pheny- 0s5
Benzyl (Brferulate s
ab-1-benzopyran--one, 5-hydrory. 007
2-bromo-4 5-dimethoxycinnamic acid 053
(1R 43R,4657R,10aR) 1,43,7 Trim. 302
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of propolis on the damage caused by ischemia/reperfusion of the spinal cords of rabbits. Al shapes are stained with HE. (A2)

0 um VE (A1) 20x and 100 um were used as the original magnifiation. A: Tick armows: chromatolyss and loss of Nis! granules in
neurons. Thin arrow: formations of difuse sphericalshape. Arrowhea: focal mononuclear cell inflration areas. A2:Thick arrow: chromatolysis
and loss of Niss! granules in multipolar neurons. Thin arrows: spherulite formations.
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2 - Efectsof propolis on the damage caused by ischemia/reperfusion in the spinal cord of abbits. Allshapes are stained by the TUNEL
technique.
Note: cells stained brown show TUNEL positive cells(arrow). (4), (8) 10x and 200 um were used as the original magnification.
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Table 3. Biochemical analysis results in groups (mean-SD).

Parameter/Group 0 hour 24™ hour 48" hour

w1 IR 48900423956 103350453293 74367+52164b
Pr 49683+,28891b 935004504843 838831381782

P 0763 0303 0298

s IR 435933+181007¢ 1496283+1575694a 81.0450+4686280
Pr 39.0800+2,90564c 1112600438352 596033+5,26723b

P 0168 0066 0022

TNF-a /R 214983484374 255711111183£1747462 1451700174557
Pr 2445004357613 2463683+32,18286 85,2800+1033481

P 0425 0759 0040

MPO IR 42133+384730 59467+55778ab 757834501053
Pr 452334248870 46183+,18816b 57117274112

P 0548 0037 0023

IMA IR 138204061350 16760+07814a 185004084383
Pr 1:4380+05970b 1,5340+046320 17700044943

P 0548 0015 0642

ICAM-1_ IR 187,5667+6,12962C 3573172400794 252,1100+15609260
Pr 197,2983+885513b 3206283+3875100a 205,7600+14841680

P 0339 0219 0012

TOS IR 48483224940 606334266702 667676422140
Pr 50733+25741 55700519471 4863318903

P 0599 0099 0002

TAS IR 69383+41051 7,1500+54968 7351735899
Pr 7346751261 72533423037 7716721066

P 0061 0833 0241

interleukin 1; IL-6=interleukin & IMA=ischemia-modified albumin; VR-ischemia/
mor necrosis factor-alpha; TOS=total

ICAM-1=internal adhesion molecule-T; IL-
reperfusion; MPO=myeloperoxidase; Pr=propolis; TAS=total antioxidant capacity; TNF-
oxidant capacity
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Table 4. Histopathological evaluation of propolis in spinal cord ischemia/reperfusion injury in rabbits.

R 1/R+Propolis F P
Histopathological finding
Mean sD Mean sD
Chromatolysis and Niss| granule loss 243 103 090 080 1553 0016
Spinal cord | Spherule formations 243 103 088 103 0001 0027
Focal MCl areas 158 087 055 060 0602 0038
TUNEL Apoptotic index data 042 065 028 044 0804 0001

IR=ischemia/reperfusion; MCl=mononuclear cellinfiltration; SD=standard deviation
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Table 1. Demographic and clinical characteristics of the two groups.

GroupM GroupC Pvalue
Number of patients 55 53
Gender (male/fernale) 25730 24729 050
Age (years) 26410 28410 054
Weight (kg) 186+29 19.1425 013
Operation time (minutes) 499+106 503+70 041
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ELISA Enzyme-linked immunosorbent assay TEM Transmission electron microscopic
HE Hematoxylin-eosin NFa Tumor necrosts factor-alpha
ICAM-1 = Intercellular adhesion molecule-1 Tos ~Total oxidant status

Interleukin-6
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Table 1. Preoperative patient data.

Age (years) 6904166 5482
Ejection fraction 554157 4565
Variable n % of total
o Male 3 32
Female 16
Hypertension 37 74
Smoking 3 6
Diabetes mellitus 3 46
Coronaryartery disease 10 2
Concomitant CABG 6 2
COPD n 2
Stroke 19 38
Symptom A 10 2
Asymptomatic 2 4
Bilateral lesion 18 36

(CABG=coronary artery bypass grafting; COPD=chronic obstructive pulmonary disease; Tl
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Table 2. Comparison of perioperative hemodynamics of the two groups.

GroupM Group C Pvalue
m

MAP (mmHg) 544:38 53641 031

HR (bpm) 1162485 1182475 019
n

MAP (mmHg) 498433 500433 072

HR (bpm) 1103479 1117476 035
i}

MAP (mmHg) 570449 567:34 073

HR (bpm) 1233408 1248404 043
™

MAP (mmHg) 579+40 500:34 014

HR (bpm) 1174476 1162463 041
i

MAP (mmHg) 550431 559439 0l6

HR (bpm) 1098490 1117490 022

HR=heart rate; MAP=mean arterial pressure
Ti=before anesthesia induction; T2=during endotracheal intubation; T:
the incision

juring skin incision; T4=during thoracotomy; T5=closing
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Table 3. Comparison of intubation conditions, effect of muscle relaxation, and postoperative data and adverse reactions of the two
groups.

Parameter GroupM GroupC Pvalue
Number of patients 55 53
Level 1: case (%) 53 (96.4%) 39736%)
Level 2 case (%) 206%) 9(17.0% 003
Level 3: case (%) 00%) 5(04%)
Onset time (seconds) 15764268 19234288 P<0001
Duration of dlnical action (minutes) 137432 344:48 P<0001
Recovery index (minutes) 54415 122434 P<0001
Mechanical ventilation duration (hours) 06402 16207 P<0001
Length of ICU stay (hours) 37413 57424 P<0001
Bronchospasm: case (%) 0@ 0@ -
Erubescence: case (%) 0O 00 -

ICU=intensive care unit
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Fig. 2 Thirty-day outcomes rates stratified by cardiopulmonary bypass support. AMi=acute
‘myocardial infarction; MACCE=major adverse cardiovascular and cerebrovascular events.
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Fig. 1 - Correlation of right-sided NIRS vaiues with blood pressure indices after general angesthesia.
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Table 1. Baseline characteristics stratified by CPB support.

Characteristics O"‘;l";';;““ °"'7:“:‘3’;§)“"G Pvalue
Female gender 98 (29.5% 108 (32.5%) 0402
Age (years) 627+98 623486 0568
Hypertension 276 83.1%) 270 813%) 0542
Diabetes 128 (386%) 138 (41.6%) 0428
Avi 100 (328%) 109 (328%) 1.000
Renal impairment 32(06%) 33 (09%) 0986
Hemodialysis 08 24%) 1236%) 0364
Creatinine clearance 7512272 773:299 0333
Smoking 67202%) 67(202%) 1.000
oPD 16.(48%) 18 (54%) 0725
Stioke 25 (75% 24072% 0882
VD 14(42%) 1339%) 0844
Atrial fbrillation 08 (24%) 07 21%) 0794
NYHA class il or IV HF 63 (19%) 61(184%) 0842
LV jection fraction (%) 61120 60:127 0199
PASP (mmHg) 202466 293176 0957
Frailty 27(81%) 26 (78%) 0886
Anemia 99 298%) 97 (29.2%) 0865
Instable angina 240.2%) 3103%) 0324
Previous CV surgery 6(18%) 309% 0505
Previous PCI 82 247%) 62(187%) 0060
Urgency or emergency 90.7% 70.1% 0613
EuroSCORE | 3342424 326:334 0805
EuroSCORE I 156+1.71 1542107 0808
STS score 098101 108107 0202
Complete revascularization 321 96.7%) 320 96.4%) 0832

‘AMi=acute myocardial infarction; CABG=coronary artery bypass grafting; COPD=chronic obstructive pulmonary disease;

intervention; PVD=peripheral vascular disease: STS=Society of Thoracic Surgeons.
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Fig. 2 - Correlation of leftsided NIRS values with blood pressure indices after general anaesthesia.
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Table 2. Operative and postoperative patient data.

Variable n % of total
Side of endarterectomy fone z “
Left 3 56
Arteriotomy closure ey E ~
Patch n 2
Shunt use [ [
Permanent cerebrovascular event [ [
Transient hemiparesis 1 2
Postoperative complications Local hematoma 4 8
Exploration for bleeding/hematoma 2 4
Mortality [ [
Variable MeanzSD (range)
Clamp duration (minutes) 217:63933)
ICU stay (days) 11205 (13)
Hospital stay (days) 33:1308

ICU=intensive care unit
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Table 2. Logistic regression analysis.

Variables B SE Wald P OR 95% CI
Gender (male) 1539 0623 6.109 0013 4659 1375-15787
(COPD (yes) 1775 0766 5378 0020 5903 1316-26469
Atrial fibrillation (yes) 2257 0942 5738 0017 9550 1507 - 60.509
Anemia (yes) 1423 0603 5563 0018 4.150 1272-13541
CPB (yes) 0719 0620 1345 0246 2052 0609-6913
Constant 6050 0826 53586 <0001 0002 -
—unstandardized regression weight; Cl-confidence interval; COPD=chronic obstructive pulmonary disease;

CPi

ardiopulmonary bypass; OR=0dds ratio; S1

tandard error
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Table 3. Comparison of NIRS values at different time points.

Time NIRS measured ight-sided NIRS Left-sided NIRS P-value
Before intubation 605453 507237 02
Before incision 593475 604:75 o1
Palue 02 04

Before incision 593475 604475 01
1 minute after clamping 567+83 565184 08
Palue 0005 <0.001

1 minute after clamping 567+83 565484 [
After SBP above 150 mmHg 585479 5774101 04
Palue 0.001 02

Before intubation 605453 597437 02
After SBP above 150 mmHg 585479 577101 04
Palue 0054 01

After SBP above 150 mmHg 585479 5774101 04
5 minutes after clamping 566178 5544101 02
Palue 08 <0.001

5 minutes after clamping 566478 554101 02
15 minutes after clamping 583:76 501488 04
Palue <0.001 <0.001

Before incision 503475 604+75 o1
After removing clamp 508:74 602483 05
Palue 05 07

Before intubation 605453 507437 02
After extubation 623:76 626472 [
Palue 007 0002

Before incision—patient s sleep and intubated; Before intubation—patient is awake; NIRS—near-infrared spectroscopy; SBP—systolic
blood pressure
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Fig. 1 - Boxplot of the propensity scores ofsratified paired study
‘groups. CABG=coronary artery bypass grafting.
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Table 1. Basic patient characteristics.

Age (years) 6024128
Fernale gender (%) 203%

BSA (m?) 19:014

BMI 267424

Diabetes 2

Hypertension 6

Obesity (BMI > 35 Kg/m?) 2

Glucose (mmol/L) 66(57-128)
Creatinine (umol/L) 709+143

Urea (mmol/L) 45(31-62)
Aspartate transaminase (U/1) 5894232

Alanine transaminase (U/1) 7512404

Bilirubin (umol/L) 6684073

Lactate dehydrogenase (U/1) 3305 (2588-4535)
Hemoglobulin (g/dL) 132(123-140)
"Hematocrit (%) 37.90 (3630-4040)
Na* (mmol/L) 1373426

K* (mmol/l) 384054
Procalcitonin (ng/ml) 007:004
Coreactive protein (mg/ml) 741 (551-1278)
White blood cell counts (*10° counts/jl) | 63 (29-10.1)
Platelets (*10° counts/ul) 140 (108 t0 208)
NEU (%) 8311 (643-892)
LYM %) 98(73-215)
MONO (%) 3302669

E0 (%) 0.1(004-044)
NLR (10° counts/jL) 83(35-122)
Systemic immune-inflammation index | 1311 (4062-2791)
D-dimers (ng/mL) 7900 (3950-1980)
Fibrinogen (g/l) 7368

‘BMi=body mass index; BSA=body surface area; EO=eosinophil
MONO=monocyte; NLR=neutrophil (NEU)-to-lymphocyte
(LYM) ratio
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Fig. 3 - Pre- and post-reatment X-ray images. () 62-year-old male
(Figure 6M) was admitted with oxygen saturation (Sp02) of 93%,
fatigue, and breathing diffculties. Before his admission, he had several
episodes of high body temperature (39 °C). Chest radiography on
admission showed bilateral patchy reticular areas of opacifications,
perhilar and peripheral distribution with lower zone predominance,
and subsegmental atelectasis in the mid-zone of the lef lung. (5)
Control X-ray showing minor regression of baseline findings. (C) A
67-year-oldmale with severe coronavirus disease 2019 (COVID-19) was
admitted with breathing diffcultes, Sp020f 5%, and Staphylococcus
aureus (cytokine profile shown in Figure 6F);we noted patchy bilateral
areas of opacifications with lower zone predominance,right perihilar
and left peripheral distribution. (D) W discharged him after 10 days
with significantly improved Sp02 96% and regression of X-ray findings.
(E) We admitted a 70-year-old hypertensive febrile (38 <C) female
(Figure 61) with SpO2 of 85%, dysprioea, tachypnoea, and COVID-19 pneumonia; we observed bilateral reticulonodular areas of opacifications
with perihilar and peripheral distribution, with consolidation in the upper right lung and evidence of ight pleural effusion. Her condtion
was complicated because of Klebsiella pneumoniae, Streptococcus beta haemolytcus co-infection i respiratory samples, and vancomycin-
resistant Enterococcus in urine samples taken within 24 after admission. At discharge, we observed minimal regressions in findings of
consolidation and resolution ofthe right pleural effusion (F). Panel (G)shows the fist X-ray image taken of a 1-year-old male (Figure &) chest
Xray findings point to bilateral perihlar and peripheral extensive patchy opacifications and a prominent zone of consolidation i the mid-and
upper peripheral sction, the leftlobe was more affected. (H) Treatment resulted in the normalisation of peripheral oxygen saturation values.
il X.ray images suggested a minor progression of initial findings; non-resolving blateral consolidations with bigger consolidation zone in
the leftupper peripheral lung. Panel () shows patchy bilateral consolidations, perihilar and peripheral distibution, of  50-year-old male Figure
66) admitted with a Sp02 of 929% and previous episodes of high body temperature. He received two cycles of oXiis* blood puriication and on
the explici, consented request of his family and relatives he was also treated with 8 mg/kg Tocilizumab given over 120 minutes via intravenous
infusion. (1) Chest X-1ays showed progression; bilateral consolidations, pleural effusion, and small apical pneumothorax n the right lobe. He
was initialy treated with Azithromycin which was adapted to Ciprofloxacin after mulliplex reverse transcription-polymerase chain reaction
identified Staphylococcus aureus and Klebsiella preumoniae; he wos discharged after 15 days.
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STROBE DIAGRAM

Inclusion Criteria

+ >18 Years

+_Confirmed COVID-19 disease:
-RT-PCR

- Atypical Pneumonia; X-Ray andior
Computed Tomography

+ 21 oXiris® blood purification cycles

Excluded
, Ruptured Abdominal Aneurysm
, no blood purification performed
v
Study Population
N=15

Treatment protocol (Figure 2)

2 3 oXiris® cycles

N=1

Fig. 1 - STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) diagram. COVID-19=coronavirus disease 2019;
CRP=C reattive protein; HGB/HCT=hemoglobin/hematocri; ICU=intensive care unit; IL=interleukin; NLR=neutrophilto-lymphocyte ratio; RT-
PCR=reverse transcription polymerase chain reaction; Sll=systemic immune-inflammation index, thrombocyte*(neutrophil-to-lymphocyte);
INF-a=tumour necrosis factor alpha
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Hospitalisation Day 0to 2 |—» 3to 5 9to 10 11to 12 13to 14

Monitoring
Vital Signs

« Heart Rate, Blood Pressure, SpO;

Biochemistry

« Kidney & Liver function

Immunology & Infection

« IL-6, IL-8 and TNF-0, CRP, Platelets, Procalcitonin, Lymphocytes and NLR
Coagulation

« D-Dimers, Fibrinogen & ACT

Radiological Imaging

« Xeray & Computed Tomography

Treatment
1. Rest and Recovery; rehydration in the first 24 hours - 2. Vitamin Supplementation

3. oXiris® blood purification (24 hr)

4. Systemic Heparinisation

5a. Non-Invasive ventilation; CPAP - 5b. Mechanical Respiratory Support

4. Antibiotic Therapy (Empiric Azithromycin < 24 h, targeted in case of confirmed infection)

5. Low-Dose Dexamethasone (8 mg/24 hours) in advanced disease

6. Physical Therapy

7. Sufficient caloric Intake and adequate electrolyte balance - Parenteral Nutrition; Enteral Nutrition for
mechanical ventilated patients

Fig. 2 - Treatment protocol for coronavirus disease 2019 patients. In addition to blood puriication, systemic heparinisation, and physical
therapy under continuous positive ainway pressure (CPAP), the general care protocol consisted ofrest and recovery; suficent caloric inake and
‘adequateelectrolyte balance; aggressiverehydration in the first 24 hours:parenteral, enteral nuttiton formechanically ventiated patients;low-
dose Dexamethasone therapy (8 mg/24 hours), antibiotic therapy, and biochemical and chest X ray imaging for monitoring. ACT=activation
Clotting time; CRP=C-reactive protein; IL=interleukin; NL
factoralpha






OPS/images/a9img7.png
>
]
[3)

& o B A B A8
g, i 1 Eollee, 13
A ek [f 0 kR ]ﬁ e it
L EEELES £ LFEEE S
b . B R e
- omr = 8 ene e B e
¥ e, BEL Filea, §3
Borgn, 3w ML e
CELLE CELLS
A
iil. L iﬁl by oo
B Bl ML BT 0

v

W™
%
2,

J s o
o5 LR re
VAN j =

i C -
e e A

M e N e 0" e
Ll 8 oo = 8 e, @ e
id e, 1 lgx,.z’:::w 1B o e

Hrpet § o B i e .

) i
SASS et P2y

o
o
a

agam)

o358 s EENE

TF ot

¥ emaseionor e [
Fig. 6 - Inflammatory mediator analysis; systemic levels of interleukin (IL)-6, IL/chemokine (C-X-C motif) ligand 8 ((XCL-8), and tumour necrosis
factor alpha (TNF-a). Individual cytokine profile (A - O) 116, I1-8, and TNF-a are plotted on the left y-axis (pg/mL.), and C-reactive protein (CRP)
is plotted on the right y-axis (mg/L). The start of oXirs® hemofiltration 24-cycle s shown on the x-axis. One patient (Panel B) also received
Tocilizumab (= anti -6 receptor mAb). Cytokine data are plotted on the lefty-axis; CRP (grey checkered line) values are plotted on the right
y-axis. Panels (2. Q and R) show combined data during hospitalisation for L6, 118, and TNF-a. The coloured (red #1) (purple #2) symbols show
‘the values for the two mortality cases.
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Supplemental Figure 1 — (4) A 73-year-old male coronavirus disease 2019 (COVID-19) patient was admitted for urgent surgery; at
‘admission, he was in hemorrhagic shock Computed tomography (CT) revealed a ruptured infrarenal 10-cm aneurysm of the abdominal
aorta. Radiography confired bilateral peumonia. Despite successful surgery, his clinical condition was unstable, requiring increasing
catecholamine support. Extracorporeal blood purification was intiated on the 3rd postoperative course. The approach was unable to reverse
the dlinical deteriration, he developed multiorgan failure and passed away in the early hours of the 4th postoperative day. (8) A 55-year-old
‘patient with confirmed reverse transcription polymerase chain reaction for Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) and
‘mild COVID-19 symptoms was hospitalised at our emergency room with abdominal complaints, most pronounced in the epigastric region,
CT pointed to a ruptured infrarenal aneurysm of the abdominal aorta with a diameter of about 7 cm. The aneurysm was treated with an
AlboGraft*prosthesis followed with  blood purification cycle o the Istpostoperative day. I the subsequent five days, he tested twice negative
for SARS-CoV-2. He was discharged on the 6th postoperative day in stable condltion; follow-up after 30 days of the procedure confirmed his
dlinical recovery. CRP=C-reactive protein; CXCL-8=chemokine (C-X-C motif) ligand 8; IL=interleukin; TNF-a=tumour necrosis factor alpha
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Fig. 4 - Biochemical parameters during hospitalisation. Graphs present an overview of selected biochemical parameters monitored for
coronavinus disease 2019 severiy. Red lines show a general trendline during hospitalisation. The red coloured symbols pertain a patient who
succumbed as a result of acute respiratory distress syndrome. The coloured (red #1) (purple #2) symbols show the values for the two mortality
cases. AlT=alanine aminotransferase; AST=aspartate aminotransferase; CRP=C-reactive protein; HCT=hematocrit; HGB=hemoglobin;
WBC=white blood cell
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Fig. § - Analysis of coagulation marker. Patients receive an initial 25000 intemational units 1U) bolus injection (= 300 1U/kg) followed by
continuousinfusion of 3001U/kg dissolved in physiological buffer (0.9% sodium chloride) adrministered at 6-8 mL/h flow rate target activation
dlotting time = 200 s during hospitalisation. Patients' coagulation statuses were tracked by evaluating firinogen, D-Dimers, and the
intemational normalised ratio (INR). The coloured (red £1) (purple #2) symbols show the values for the two mortality cases.
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Table 1. Sociodemographic characteristics of the participants.

Item Mean:SD/N (%)
Mean age (years) 648:37
Gender
Male 14 35%)

Female 26 (65%)
Weight (k) 645+68
Height (cm) 1623456
ASDsize (mm) 175164
ASD occluder (mm) 2241106
In-hospital stay (days) 42414
Diabetes melltus 9(225%
Coronary heart disease 4(10%)
Hypertension 120%)
Dyslipidemia 15 G7.5%)
Smoking 1025%)

‘ASD=atrial septal defect, SD=standard deviation
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Fig. 1-Number of patients with dyspnea or palpitations before and after atrial septal defect (ASD) device closure
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‘Table 1. Preoperative demographic, laboratory and comorbidity features of SCT and DCT groups.

Group.
Variables P
SCT (n=47) DCT (n=53)

Age (years) 652193 632+102 0304
Gender (%), male 38(80.9%) 41774% 0856
PreOperative jection fraction, mean + SD 513477 532465 0182
BSA (median [I0R), kg/m’ 19017211 19017201 0779
COPD 3%) 13077) 70132) 0120
Diabetes mellitus (%) 25532 30(566) 0888
Hypertension (%) 2178 380731) 0019
LDL, mean + 5D, m/d] 12104326 11654303 0485
Carotid stenosis (%) 50106) 12226) 0184
Peripheral arterial disease (%) 70149) 2038 0079
Chronic kidney disease (%) 4(85) 11008 0152
HbAIC (median IQR). % 69[5888] 60155751 0124
WBC (median IQR), 109/ 79200 [6,9400-8955.0] 78600 [7,1600-96200] 0514
Heroglobin (median IQR]) o/d! 136114152 1291116143 0479
Hernatocrit (median IQR)% 309 341-444] 388[342428] 0751
Neutrofil (median IQRD, 109 52045601 5039711 0822
Platelet, mean  SD, 10/l 22821618 255841024 al01
BUN (median [IQR), mg/dl 17011292411 1731151204 0766
GFR, mean = SD, ml/min 7941226 808:223 0752
Alburnin (median [IQR]), g/L 40238-432 401 374435 0972

BSA=body surface area; BUN=blood urea nitrogen; COPD=chronic abstructive pulmonary disease; DCT=double clamp technique;
GFR=glomerular filration rate; HbA1c=glycated hemoglobin; IQR=interquartile range; LDL=low-density lipoprotein cholesterol;
SCT=single clamp technique; SD=standard deviation; WBC=white blood cells.

Data were expressed as mean + SD and independent samples ttest wes used for normally distributed variables, while non-
normally distributed variables were expressed os median [QR] and Mann-Whitney U test was used for comparisons. Descriptive
statistcs for categorical variables were expressed as numbers (%) and Pearson chi-square or Fisher's exact test were used for
comparisons. P values in italics were accepted as statistically significant (P<0.05).
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Table 2. Changes of echocardiographic parameters after ASD closure.

Item Preoperatively 3:;‘.’::‘;:‘: ! ”“‘L’:E;ASD

End-systolic length of RA (mm) 568184 457459° 44916.7°
End-systolic width of RA (mm) 495479 376183 368:73
End-diastolic anteroposterior diameter of RY (mm) 356162 264£50° 242162°
End-diastolic length of RV (mm) 720105 622:112 6145117
End-diastolic width of BV (mm) 462:116 339477 324188°
Inner diameter of the middle portion of the pulmonary artery (mm) 270551 242542" 26161°
End-systolic anteroposterior diameter of LA (mim) 287+48 290156 28545
End-systolic anteroposterior diameter of LV (mm) 257473 275464 288167
End-distolic anteroposterior diameter of LV (mm) 412450 458462 463158
/A 14203 13:04 13:02
Left ventricular ejection fraction (9) 613558 605467

"ASD=atral septal defect; E/A=peak of mitral flow spectrum; LA=left atriur; LV=left ventricle; RA=right atrium;

*Significantly different from preoperative value (P<0.05)
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Table 3. Result of SF-36 scores before and after ASD closure.

BeforeASD | 3monthsafter | 1yearafter ASD | P-value before vs. | P-value before vs.
closure ASD closure closure 3monthsafter | 1yearafter
PF 50.2+154 626+10.1 64219 P<0001 P<0.001
RP 435+23.1 573+19.1 596+15.7 P<0001 P=0012
BP. 586+184 683+114 687+10 P<0001 P<0.001
GH 53.1£179 643£114 638+88 P<0001 P<0.001
VT 490+195 61.0£109 618+7.7 P<0001 P<0.001
SF 5304172 665+10.8 669485 P<0001 P<0.001
RE 415+243 564+25 5854229 P<0001 P=0012
MH 593+157 714483 72161 P<0001 P<0.001

‘ASD=aral septal defect; BP=bodily pain; G

i=general health; MH=mental health; PF=physical functioning; RE=role emational;
RP=role physical; SF=social functioning; SF-36=36-Item Short-Form Health Survey; VT=vitality
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Table 3. Comparison of postoperative complications, intraoperative characteristics and some laboratory features among patients
wiith postoperative serum lactate levels above and below 3 mmol/L

Postoperative lactate Univariate LR Multiple LR

<3 (n=84) >3 (n=16) P | oRiosw%cn | P | ORloswCH | P
Postoperativ stroke 204 3088 0028 - - B B
Postoperative AF 23074 30188 0552 - - - B
Length of ICU stay 3002030] 30020301 | 0615 - - - B
Length of hospital stay 70170921 80170-100] | 0230 - - - B
Surgical site infection 60.1) 0(00) 0586 - - - B
Mortality 60.1) 0(00) 0586 - - . B
Drainage duing thefirst | 300 175.3500) | 3000217533001 | 0939 - - - .
postoperative day
Age 642405 6364116 | 0831 - -
HbAlc 70120 77425 0311 - - - B
GFR 790(680960] | 885[740.968] | 0483 - - . B
Preoperative EF 550(500-562] | 525[450550] | 0289 - - - B
XCL time 6814209 8991343 | 0025 | 1040101-106] | 0003 | 1(097-104] | 0978
CPBtime 10364203 1406387 | 0002 | 104[102-106] | <0001 | 104[101-107] | 0011
LIMA graft use (%) 65074) 13612 | 099
:’"":‘é'gf" [SIZGRD"“'““' 202030] 30R0300 | 0341 - - - .
Distal anastomosis number 33:10 37411 0251 - - - B
Hemoglobin (medion QR | 132[115-152] | 135[123-149] | 0402 - - . B
::gf;ﬁf:ﬂ:;f&f" %310 5612 0999 - - . .
Intraoperative meanblood | o U . . - -
pressure
Albumin (median [QR) | 402(373435] | 400(393417] | 0854 - - - B
Pre-CPB glucose 13624354 14204308 | 0593 - - - B
Pre-CPB O, 72464 743571 0322 - - - B

‘AF=atrial fbiilation; Cl=confidence interval; CPB=cardiopulmonary bypass; EF=ejection fraction; GFR=glomerular filtration rate;
HbAlc=glycated hemoglobin; ICU=intensive care unit; IQR=interquartile range; LIMA=left internal mammary artery; LR=logistic
regression; OR=odds ratio; XCL=cross-clamp
Independent samples t-test was used for normally distributed variables, while non-normally distributed variables were expressed

as median [IQR] and Mann- Whitney U test was used for comparisons. Descriptive statistcs for categorical variables were expressed
as numbers (%) and Pearson chi-square or Fisher's exact test were used for comparisons. P values in ialics were accepted as
statistically significant (P<0.05).
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Table 4. Correlation of several operative and patient characteristics with the postoperative lactate level.

v Pvalue
Age 0018 0859~
XCL time 0384 <0001
CPB time 0481 <0001
Hemoglobin 0010 0923
GRR 0046 0652
Distal anastomosis number 0367 <0001
Pre-CPB glucose 0104 0301+
Intraoperative mean blood pressure o 0272
HbAlc 0039 0699
Proximal SVG number 0310 0002
Pre-CPB pO; 0065 0519

‘CPB=cardiopulmonary bypass; GFR-glomerular filtration rate; HbA] c=glycated hemoglobin; SVG~saphenous vein grafi;
XClL=cross-clamp

“Spearmans tho correlation coefficent was used.

**Pearson correlation coefficient was used.

Pualues in itaics were considered significant.
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Table 2. Preoperative and postoperative blood lactate levels, operative characteristics, postoperative complications and mortality
rates in SCT and DCT groups.

Group

Variables P
SCT (n=47) DCT (n=53)

LIMA graft use (%) 32(681) 46(868) 0044
Cross-clamp time, mean + SD, minutes 804256 6372211 0001
Cardiopulmonary bypass time, mean + SD, minutes 10844340 1104+337 0768
Distal SVG (median [IQRI). number 300401 30R20301 0049
Proximal SVG (median [IQRI), number 30R030] 2020301 0167
Distal anastomosis number, mean + SD 36412 32+08 0072
Preoperative blood lactate, (median [QR). mmol/I 11108-14] 110813 0594
Post-CPB blood lactate, (median [IQR], mmol/ 21016271 19017241 0703
Pre-CPB glucose, mean + SD, mg/di 14084373 13394347 0346
Post-CPB glucose, mean + SD, mg/dl 18034512 17562456 0636
Intraoperative mean blood pressure, mean + SD, mmHg 604125 60723 0607
Length of ICU stay (median [IQR), days 300301 30R20301 0962
Length of hospital stay (median [QR], days 70070851 80[70-100] o112
Postoperative stroke (%) 000 5(106) 0020
Postoperative atrial fibrillation (%) 10@13) 16(302) 0432
Surgical site infection (%) 3064 367 0999
Drainage during the first postoperative day (median [QR]). ml | 3000121503500 | 3000 [2200-3500] 0903
Mortality (%) 2043) 4075) 0681

CPB=cardiopulmonary bypass; DCT=double clamp technique; ICU=intensive care unit; IQR=interquartile range; LIMA=left internial
mammary artery; SCT=single clamp technique; SD=standart deviation; SVG=saphenous vein graft

Data were expressed as mean 5D and independent samples -test was used for normaly distributed variables, while non-normally
distibuted variables were expressed as median Q] and Mann Whitney U test was used for comparisons. Descriptive statistics for
categorical variables were expressed as numbers (9) and Pearson chi-square or Fisher’s exact test were used for comparisons. Pvalues in
italics were accepted as statistically significant (P<0.05).
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Fig. 1 - Whisker plot showing preoperative (5 minies before cross-clamping) and postoperative (10 minutes after CP8) mean blood lactate
levels in the DCT and SCT groups.





