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  The usefulness of percutaneous approaches in structural heart disease could be limited if they have been defined in terms of often unrealistic scenarios. Thus, the long-term outcomes and consequences need to be painstakingly analyzed. Much attention needs to be paid to the global magnitude of this issue. One such example, is the transcatheter edge-to-edge mitral valve repair (TEER) and considerations of pivotal importance that arise from using this therapy to treat functional mitral regurgitation (FMR).

  Traditionally, surgical treatment has been the best option for mitral valve (MV) repair. When comparing TEER to surgical MV repair, several salient details need to be considered. One of the main drawbacks of the edge-to-edge technique is that it has never been the first option for any surgical MV repair. Furthermore, the most important difference between the percutaneous technique and surgery is the absence of an annuloplasty prosthetic ring in the first option. Consequentially, this factor renders the percutaneous procedure only partially effective. It must be emphasized in the strongest terms that it is insufficient to consider TEER without an annuloplasty ring. We must also acknowledge the important role of the annuloplasty, by means of a prosthetic ring in every MV repair[1,2]. In fact, the lack of an annuloplasty ring is the most powerful predictor for failure after MV repair in the long term[3,4]. This rule is universal and, therefore, applies to any MV repair in the adult. Alfieri’s edge-to-edge technique that underpins the principle of TEER is no exception to this rule[5-9]. Nevertheless, it seems that all the implications of a ringless therapy such as TEER have not been completely addressed. Thus, we must define such limitations in the percutaneous approach for MV repair. Indeed, rules governing MV repair do not change just by shifting the approach. In fact, the percutaneous technique is constrained by the installation of a ringless TEER device. Due to TEER being a ringless therapy, dilatation of both commissures has been proposed as a possible explanation for the high occurrence of recurrent mitral regurgitation (MR) ≥ 2+ (23% at two years) observed in the Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure Patients with Functional Mitral Regurgitation (COAPT) trial[10].

  The occurrence of FMR directly linked to coronary artery disease may constitute an ever-increasing potential indication for TEER. However, evidence supporting TEER in FMR is only limited to two controversial randomized controlled trials.

  In the Multicentre Study of Percutaneous Mitral Valve Repair MitraClip Device in Patients with Severe Secondary Mitral Regurgitation (MITRA-FR) trial (in which primary funding was provided by the French Ministry of Health and Research National Program), TEER results were compared with medical treatment in patients with FMR. No statistically significant differences were observed between both groups for all-cause mortality (24.3% vs. 22.4%; hazard ratio [HR]: 1.11; 95% confidence interval [CI], 0.69 to 1.77) and rehospitalization for heart failure (HF) (48.7% vs. 47.4%; HR: 1.13; 95% CI, 0.81 to 1.56) at one year of follow-up[11]. At two years of follow-up, there was no significant difference for the composite of death for any cause and HF rehospitalization (63.8% vs. 67.1%; HR 1.01, 95% CI 0.77-1.34). Rehospitalization for HF alone did not show important difference between groups (55.9% vs. 61.8%; HR 0.97, 95% CI 0.72-1.30)[12].

  Contradictory results in favor of TEER were obtained in the COAPT trial, a study fully sponsored by the MitraClip™ device industry Abbott for TEER (MitraClipTM TMVr, Abbott, Santa Clara, USA) at 2 - 3- years of follow-up. Rehospitalization rate for HF was 35.8% for TEER and 67.9% in the control group (HR, 0.53; 95% CI, 0.40 to 0.70; P<0.001). In light of the above, important questions arise in respect of the best treatment for this special group of patients[13].

  Special efforts have been made in order to narrow the gap between the ideal and the real outcomes observed in COAPT and MITRA-FR trials, respectively. Theoretical explanation by means of the disproportionate/proportionate FMR concept has been proposed to provide a better understanding of the aforementioned data disparities[14,15]. The central concept is the effective regurgitant orifice area/end-diastolic left ventricular (LV) volume ratio. The selected cut-off value is 0.14 (with LV ejection fraction of 30% and regurgitant fraction of 50%, meaning severe FMR). Thus, two main types of FMR can be identified, namely, those with preserved LV volume and significant MR (disproportionate), and those with dilated LV volume and large MR (proportionate). The former is typical of chronic ischemic MV regurgitation with posterobasal deformation of the left ventricle due to chronic coronary artery disease. The latter is generally observed in dilated cardiomyopathies, regardless of the underlying etiology. Hence, at a first glance, disproportionate FMR cases entail better prognosis. However, when moving from theory into practice, all these tools have failed to obtain a reasonable explanation about the differences between trials until now. By using this concept, Lindenfeld et al. [16] found no consistent differences between groups when comparing MITRA-FR-like vs. COAPT-like patients. Adamo et al. [17] demonstrated that the relative risk of HF hospitalization and death was independent from the presence of disproportionate FMR[18]. In a study of 241 cases of TEER, Ooms et al. [19] found no important difference for all-cause mortality and HF rehospitalization rates for disproportionate and proportionate FMR (30% vs. 37%, respectively). Hagendorff et al. [18] have clearly emphasized that the disproportionate FMR can only be explained by means of conflicting data on the reported echocardiographic values, such as those observed in the COAPT trial.

  It is important to clarify the distinction in the guideline-directed medical therapy (GDMT) between the two trials, in order to dispel the popular misconception about the similar equivalence between them. While post-procedural GDMT has been largely questioned in COAPT, intensive medical treatment was carried out and maintained in nearly 80% of cases in MITRA-FR. Thus, medical management was quite different in both trials, especially after randomization[20]. In the COAPT trial, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, or angiotensin/neprilysin receptor inhibitors were significantly underused in the medical therapy alone arm than in the TEER group throughout the whole trial period[21]. Taken together, these data tend to create a major distortion towards the most optimum balance in both arms of the COAPT. Hence, it could explain the wide different outcomes in both trials. In the same COAPT trial, within the group of patients whose MR did not improve 30 days after the start of medical treatment, 33% and 40% — at one year and two years, respectively — had significant improvement in reducing the severity of MR. This strongly questions the efficacy of the medical treatment used within the COAPT trial. Finally, if the pool of medications and doses used in COAPT (sacubitril/valsartan used in < 5% of cases, mineralocorticoid antagonist in 50%, and sodium-glucose cotransporter inhibitor in 0%) is compared with current treatment protocols, we can state that such medical therapies in the COAPT are, at present, inadequate and obsolete. Moreover, in stark contrast to what current clinical guidelines for the management of HF recommend as an aggressive medical treatment from the outset, reaching maximum doses as necessary[22], the GDMT utilized in the COAPT trial leaves much to be desired.

  Post-COAPT trial data considerations with respect to the absence of open, unbiased data transparency, alongside a lack of reproducibility in low-volume centers and the stringent patient selection criteria, make extrapolation to the majority of the population with FMR highly unlikely. Therefore, concern about the accuracy of all conclusions from the COAPT trial must be urged, and assiduous caution exercised when interpreting the results. Nonetheless, based on the COAPT results, the most recent European and American clinical guidelines for the management of valvular heart disease consider a Class IIa recommendation for TEER in FMR, in the absence of coronary artery disease. This recommendation is also applicable for cases of HF in stage D without an adequate response to GDMT[23,24]. The obvious conclusion that the COAPT results can be applied to most of the patients with FMR is, therefore, biased and unfounded. The author of this article considers that before accepting this recommendation, all available information should be revisited again in an impartial manner. In fact, the author has repeatedly suggested that this TEER recommendation for FMR should be a Class IIb recommendation, and limited to a very selective pool of patients[25,26].

  Much of the rationale for supporting TEER and downplaying MV repair surgery in FMR arises from research by Goldstein et al. and the Cardiothoracic Surgical Trials Network investigators, which demonstrated that the recurrent MR rate after MV restrictive annuloplasty was up to 58.8% at a two-year follow-up[27]. However, it is extremely important that this information be carefully considered. Firstly, specific echocardiographic parameters for MV repair in FMR were not included in this study. Significantly, systolic sphericity index > 0.7, LV end-systolic volume > 140 mL, LV diastolic diameter > 65 mm, LV systolic diameter > 51 mm, posterior papillary-fibrosa distance > 40 mm, interpapillary distance > 20 mm, coaptation depth > 1.1 mm, tenting area > 2.5 mm2, and posterior leaflet angle > 45° are considered as predictors of failure after restrictive annuloplasty in FMR[28]. The second fact is that no etiology-specific designed annuloplasty rings were utilized in the trial. The GeoForm annuloplasty ring (Edwards Lifesciences, Irvine, California, USA) and IMR ETlogix ring (CMA IMR ETlogix ring®; Edwards Lifesciences, Irvine, California, USA), instead of the classic Physio annuloplasty ring (Edwards Lifesciences, Irvine, California, USA), have demonstrated a lower rate of MV regurgitation recurrence after operation in FMR[29,30].

  The consequences of applying a therapy without anticipating long-term results can be devastating. In the CUTTING-EDGE study, 332 cases that underwent MR surgery after failed TEER were analyzed. Operative mortality was 16.6%, and 92.5% of cases ended with MV replacement[31]. Chikwe et al. [32] reported 524 patients underwent MR surgery after failed TEER. Operative mortality was 10.2%, and 95% of these patients underwent MV replacement. The Transcatheter Mitral Valve Therapy STS/ACC/TVT Registry reed an occurrence of recurrent MR ≥ 3+ of 8.7% at just 30 days after TEER[33]. An analysis from data of the Heart Failure Network Rhineland registry showed MR ≥ 3+ of 9.8% at one year after TEER[34], in stark contrast with the previously reported in the COAPT trial (5.3% at one year)[33]. Nevertheless, since many cases are not officially reported, there is vastly inadequate and insufficient information coming from the real world, regarding the need for reoperation after failed TEER.

  In closing, durability of the TEER is currently unknown. A more complete technique for TEER should be a priority. Factors that govern the classic surgical principles for MV repair give genuine pause for thought. Why not begin to apply in TEER the same effective logic concerning surgical MV repair, in consideration of long-term durability and stringent patient selection by the most rigorous preoperative echocardiographic criteria?

  Finally, every clinical trial must be governed by the highest standards of ethical research principles. It is imperative to have scientific trials that are unbiased at all levels of design and funding. In this way, clinical trial outcomes can contribute to raising the quality of human life throughout the world.
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    ABSTRACT

    INTRODUCTION: Left ventricular assist devices are an established therapy for end-stage heart failure. Follow-up of these patients showed complications, such as thrombosis. Our objective was to evaluate the contribution of echocardiography — in association with HeartWare HVAD online logfiles reviews and lactate dehydrogenase titration — for diagnosis and treatment of thrombosis.

    METHODS: Seventeen episodes of thrombosis were diagnosed in 8/20 patients with HVAD. Diagnosis was made by trans-thoracic echocardiographic blood flow velocities, logfiles review of power consumption and pump flows, and titration of lactate dehydrogenase. Data were collected at baseline routine control (Group A), during thrombosis (Group B), after thrombolysis (Group C).

    RESULTS: Thrombolysis was successful in all cases; one patient died of cerebral haemorrhage. Echocardiographic maximal blood flow velocity near the inflow cannula was 598±42 cm/sec (Group B), 379.41±21 cm/sec (Group C), and 378.24±28 cm/sec (Group A) (P<0.00001). In eight (47%) cases, thrombi were visualized in the left ventricle by three-dimensional modality. Logfiles recordings of blood flows were 9.52±0.9 L/min (Group B), 4.02±0.4 L/min (Group C), and 4.04±0.4 L/min (Group A) (P<00001). Power consumption was 5.01±0.7 W (Group B), 3.45±0.2 W (Group C), and 3.46±0.2 W (Group A) (P<0.00001). Lactate dehydrogenase was 756±54 IU (Group B), 234±22 IU (Group A), and 257±36 IU (Group C) (P<0.00001).

    CONCLUSIONS: Echocardiography of increased maximal velocity near the inflow cannula is a sign of HVAD obstruction. Logfile reviews provide a clear picture of HVAD obstruction. Combination of echocardiographic data and review of logfiles detects signs of left ventricular assist devices thrombosis leading to a successful treatment.

    Keywords: Heart-Assist Devices; Thrombosis; Echocardiography; Aortic Valve; Tomography; X-Ray Computed. 
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  INTRODUCTION

  Left ventricular assist devices (LVAD) are an established therapy for end-stage heart failure, either as a bridge to transplant or a destination therapy.

  Several models of LVAD are available for clinical use, one of them being the HeartWare HVAD (HeartWare Inc, Framingham, Massachusetts, United States of America). This device has a wide blade impeller featuring three blood flow paths that provide unloading of the left ventricle during the cardiac cycle. The inflow cannula is of titanium, whereas the outflow cannula has an enhanced flexibility being of polytetrafluoroethylene material.

  The follow-up of patients with LVAD has shown complications related to the device, such as thrombosis, driveline infection, and bleeding[1].

  Pump thrombosis can cause life-threatening device malfunction and embolic strokes. The causes of thrombus formation can be divided into: 1) mechanical — post-surgical ventricular debris, emboli secondary to clots in the left cardiac chambers or inflow cannula malposition —, 2) inadequate anticoagulation or antiplatelet therapy; 3) haematologic, inflammatory, and immunologic adverse responses activated by blood contact with the prosthetic material[2,3].

  Generally, the diagnosis of LVAD thrombosis relies on a combination of clinical, laboratory, and instrumental findings[2]. Patients present with shortness of breath and very limited tolerance to activity, also elevated plasma levels of lactate dehydrogenase (LDH) and plasma free haemoglobin due to haemolysis. Imaging of thrombosis include echocardiography and computerized tomography (CT)-scan[4]. Echocardiography showed reduced cannula diastolic velocity with preserved systolic velocity, resulting in an increased S/D velocity ratio of the inflow cannula[5].

  In addition, in case of thrombosis, the device signals alarm due to abnormal power elevation. Online review of logfiles shows sustained pump power surges and increased blood flows[6].

  Thrombolysis is the treatment largely carried out for LVAD thrombosis, although by different protocols of administration[7]. Removal of thrombotic obstruction allows return to normal ventricular assist device (VAD) flow and power levels.

  The aim of this paper was to evaluate the role of echocardiography and its contribution — in association with online logfiles reviews of pump power, flows, and LDH — for the diagnosis and treatment of thrombosis in patients with HeartWare HVAD.

   

  METHODS

  This is a retrospective review of our experience, spanning from January 2013 to January 2019, when HVAD were implanted. Data were collected from patients’ charts after approval of the Institutional Review Board (56/19).

  There were 14 males and six females with a mean age of 66±1.5 years. Indication to LVAD included ischaemic cardiomyopathy in 11 patients and dilated cardiomyopathy in nine patients. All cases received HVAD as destination therapy. The implantation was elective in all cases. Twelve patients were in Interagency Registry for Mechanical Assisted Circulatory Support (or INTERMACS) class 3, seven patients were in class 4, and one patient was in class 5 at the time of implantation[8].

  All patients underwent weekly follow-up in the outpatient clinic for the first month after discharge from hospital, monthly follow-up for the next three months, and follow-up every three to four months thereafter, unless otherwise indicated. At each control in our unit, patients underwent a clinical examination and laboratory tests, including LDH, haematocrit, haemoglobin, haptoglobin, coagulation, renal and liver function, and procalcitonin for sepsis. A dedicated technician also collected data on the HVAD device. In addition, patients underwent a transthoracic echocardiogram.

  In all patients, the anticoagulation protocol was by warfarin with a target international normalised ratio (INR) of 2-3 and daily 100 mg of aspirin, as suggested by the manufacturer[9]. Discharged patients underwent routine controls of INR levels at the anticoagulation clinic of referring hospitals.

  Patients with a suspected HVAD thrombosis or complication were readmitted to hospital on an urgent basis. Upon admission, they underwent transthoracic echocardiography and LVAD flow assessment.

  Study Protocol

  Our protocol included the retrieval of clinical, laboratory, and echocardiographic data from our database recorded at routine visits during the follow-up. At the same time, the device logfiles were recovered.

  Lactate Dehydrogenase

  LDH is the most important laboratory parameter for the diagnosis of LVAD thrombosis, as it is a very sensible marker for haemolysis[2]. High levels of LDH are a sign of intra-pump thrombosis, whereas levels are within normal ranges in case of pre or post-pump thrombosis[10]. In all cases, LDH titration was carried out at the time of thrombosis, after thrombolysis, and at baseline. In our hospital, the normal plasma levels of LDH range between 87-241 IU.

  Echocardiography

  Echocardiographic evaluation was carried out using a Phillips Epic 7 machine with X5-1 and X7-2t probes for the transthoracic and transesophageal approach, respectively. The following transthoracic views were applied: parasternal long and short axis, apical four, three, and two chambers, and subcostal. In case the transthoracic echocardiographic window was poor, a transesophageal echocardiogram was considered. The transesophageal views were mid-esophageal and transgastric, both in two-dimensional and three-dimensional real-time modalities.

  In a patient with suspected thrombosis, the four-chamber view with the X-plane modality was applied: the echo beam was directed as much as parallel to the position of the inflow cannula, with the aim to obtain an angle < 20° between the Doppler beam and the cannula. First step was the assessment of the correct position of the inflow cannula in the left ventricle: at least 1 cm away from the interventricular septum and 1 cm below the mitral subvalvular apparatus.

  Secondly, the continuous wave colour Doppler function was activated, and the area of aliasing was identified: the continuous wave signal was filtered with the I-scan function, removing the low intensity signals and registering a continuous line. In case of thrombotic obstruction, the continuous Doppler signal showed velocity with an increase of at least 20% than normal velocity, with more frequent and wide oscillations of the line than during the Lavare™ cycle, indicating a partial and intermittent obstruction to the flow through the cannula. These temporary obstructions to blood flow had the secondary effect of increasing its velocity (see Figure 1)[5,11,12]. In addition, pulsed

  
    

    [image: Fig. 1. Transthoracic echocardiographic recordings of continuous-wave Doppler flow velocity signals in the same patient. Normal control (A), during left ventricular assist device thrombosis (B), and after thrombolysis (C). Note the intermittent oscillation of flow signal in B due to thrombotic obstruction. No oscillations of the flow signal are present in A and C. ]

  

  Doppler modality transmitted a very harsh, frequent, and intermittent sound, typical of a thrombosis. The characteristic of this sound was similar to the murmur of aortic stenosis.

  Moreover, inflow cannula and left ventricular structures were assessed by three-dimensional modality as well, with the aim to visualize fresh thrombi.

  In the presence of a suspected HVAD thrombosis, the ramp test was not carried out because most of the patients presented with dyspnea and might not tolerate low speeds.

  HeartWare Logfiles

  HeartWare logfiles are a detailed record of device operation. The controller records three types of logs: data, event, and alarm. Data logs consist of average VAD parameters: rotational impeller speed, power consumption, and estimated VAD flow, which are captured once every 15 minutes. Event logs provide historical information regarding operating parameters that include rotational set speed, blood viscosity, and alarm limit set points. Alarm logs provide historical information regarding activation and clearance of medium and high priority alarm, that includes high Watt, low flow, suction, VAD disconnect, and electrical and controller fault. Both event and alarm entries are recorded at the time of occurrence. In particular, the alarm starts signalling when power consumption is 1.5 Watt above the normal mean Watt consumption, as recommended by the manufacturer.

  In case of thrombosis, the site of obstruction of the HVAD may be classified by logfiles readings as pre-, intra-, or post-pump according to the position of blood clots[10]. In the pre-pump thrombosis, thrombi are located at the orifice or within the inflow cannula: logfiles show a drop of flows with normal power consumption. The intra-pump thrombosis is generated by clots lining the impeller: logfiles features are a rapid increase of blood flows and power consumption. The post-pump thrombosis causes the obstruction of the outflow cannula. In this case, a slow decrease of flows and power consumption characterize the logfiles[10].

  In our patients, analysis of logfiles was carried out at the time of thrombosis and compared with baseline and after thrombolysis data.

  Thrombolysis

  In all cases, thrombolysis was carried out by administration of 100 mg of recombinant tissue type plasminogen activator (rT-PA) according to the following protocol: 10 mg bolus infusion followed by 40 mg over one hour and the remaining 50 mg over two hours. This is the same institutional protocol applied for primary prosthetic valve thrombosis[13]. All rT-PA treatments were performed via a peripherally inserted central venous line in the cardiac intensive care unit. Patients were closely monitored for signs of bleeding.

  Statistical Analysis

  Data are presented as the mean ± standard deviation for continuous data or as percentages for categorical data. LDH, echocardiographic measurements, and logfiles data were divided into three groups, according to the time of observation. Group A comprises data at baseline, Group B data of patients with thrombosis before thrombolysis, and Group C data of patients after thrombolysis. In the eight patients, the baseline time frame was considered the last echocardiographic and logfiles control exhibiting normal values before the occurrence of thrombosis; in all cases, the routine control before the occurrence of the thrombotic event was reported as normal. Data after thrombolysis were recorded within three hours after the end of rT-PA infusion. Comparisons between data groups were performed using the Student’s t-test or Wilcoxon rank sum test for normally and non-normally distributed data for continuous variables, respectively. Fisher’s exact test was applied for categorical variables. Changes in echocardiographic and pump function variables were compared using the Wilcoxon signed rank or paired Student’s t-test as indicated. The Bonferroni correction was applied for the adjustment of multiple testing. A value of P<0.05 was considered statistically significant.

   

  RESULTS

  A total of 17 thromboses were observed in eight patients, seven males and one female, with a mean age of 65±2.1 years; one patient experienced one event, four patients had two events, one patient had three events, and the remaining patient experienced four events.

  Patients were hospitalized within 2-3 hours of suspected VAD thrombosis based on echocardiographic findings or logfiles data collected soon after admission. In eight cases out of 17 (47%), the patients were completely asymptomatic; while in nine cases out of 17 (53%), patients presented with dyspnea and complained of a reduced tolerance to daily activity the previous couple of days. All patients were haemodynamically stable on admission to our unit and did not require infusion of inotropic drugs.

  Anticoagulation with warfarin was inadequate in 14 cases, with a mean INR of 1.7±0.3, because patients were not compliant with prescription of the anticoagulation centre. In the remaining three cases, INRs were within therapeutic ranges, but they had stopped the daily intake of aspirin without medical advice.

  The patient who experienced four thrombotic events underwent successful heart transplant two months after the last event. In all patients, search for raised plasma procoagulant factors was negative. Two patients had a driveline infection, but no raised laboratory parameters of sepsis were found.

  Thrombolysis

  Thrombolysis was successful in all cases. Of note, a rapid, progressive, and constant decrease of power consumption and flows back down to normal values was observed on the HVAD screen soon after the start and during rT-PA infusion.

  One patient died of cerebral haemorrhage at the end of treatment. No other bleeding events or complications were reported.

  Lactate Dehydrogenase

  Levels of LDH at the time of thrombosis were significantly raised, as a sign of intra-pump thrombosis: 756±54 IU in Group B, compared to baseline and after thrombolysis time frames, 234±22 IU and 257±36 IU in Groups A and C, respectively. A significant difference was found in Group C vs. Groups A and B (P<0.00001). No difference was found between Groups A and C (P=0.5).

  Echocardiography

  In all cases, the transthoracic echocardiogram provided satisfactory echo windows, therefore no transesophageal echocardiogram was necessary. In all patients, the orientation of the inflow cannula within the left ventricle and of the outflow cannula was correct. There were no signs of post-pump thrombosis.

  With regard to maximal blood flow velocity in the left ventricle at the near site of the inflow cannula, it was 598±42 cm/sec during thrombosis (Group B), whereas it was 379±21 cm/sec after thrombolysis (Group C) and 378±28 cm/sec at baseline control (Group A). The maximal velocities recorded at the time of thrombosis were as higher as to reach statistical significance compared to baseline and after thrombolysis recordings: Group B vs. Groups C and A (P<0.00001). On the other hand, no statistically significant different maximal blood velocities were noted in Groups A and C (P=0.5). Data and their comparisons are presented as scatter plots in Figure 2.
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  At the time of thrombosis, in eight cases out of 17 (47%), thrombi were detected in the left ventricle lining the outer surface of the inflow cannula without wedging into its lumen. No clots were detected after thrombolytic treatment. Figure 3 shows a three-dimensional apical transthoracic view with a thrombus attached to the bottom side of the inflow cannula.

  
    

    [image: Fig. 3. Three-dimensional transthoracic echocardiography. Apical view of the left ventricle: red lines mark both sides of the inflow cannula. The thrombus attached at the bottom side of the cannula is marked in green: the thrombus is not wedging into the cannula, excluding a pre-pump thrombosis. AML=anterior mitral leaflet; Ao=aortic valve; PML=posterior mitral leaflet]

  

  Logfiles Review

  Alarm signals of power consumption were present in all cases. Flows and power exhibited very rapid and high rise to abnormal values at the time of thrombosis, suggesting an intra-pump thrombosis[10]. A marked decrease of both parameters down to normal control levels occurred after thrombolysis (see Figure 4).

  
    

    [image: Fig. 4. Logfile recording of a thrombotic event in a HVAD. Power consumption (red line) and blood flow (green line) surge abruptly well above normal range (red arrow). These logfiles features are typical of an intra-pump thrombosis. From the beginning of thrombolysis, a decrease of these parameters back down to normal values takes place (yellow arrow). LPM=liter per minute; VAD=ventricular assist device]

  

  In details, online recordings registered the following blood flows: 9.52±0.9 L/min in Group B vs. 4.04±0.4 L/min in Group A and 4.02±0.4 in Group C (P<0.00001). No significant difference was found between Groups A and C (P=0.5).

  Power consumption was 5.01±07 W in Group B vs. 3.45±0.2 W in Group C and 3.46±0.2 W in Group A (P<0.00001). Similar power consumptions were noted in Groups A and C (P=0.5). Flow and power data, depicted as scatter plots, and their comparisons are presented in Figures 5 and 6, respectively.
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  DISCUSSION

  Data from the Randomized Evaluation of Mechanical Assistance for the Treatment of Congestive Heart Failure (or REMATCH) trial indicate that LVAD implantation increases survival and quality of life as compared to optimal medical treatment alone[14]. The survival of patients with LVAD continues to improve, but they remain at high risk for fatal complications like pump thrombosis. The incidence of pump thrombosis reported in the initial and extended clinical trials of LVAD ranged from 0.014 to 0.03 events per patient-year, but increased incidences of pump thrombosis have been noted[1,5,7].

  The rate of thrombosis in our series was higher than in other series[1,5,7]. Najar et al. reported a distinct time related increase in the rate of occurrence of HVAD thrombosis: from 2.2% after the first year to 8.7% after three years from the implant[1,5,7]. Similar rates of thrombosis were reported in other series with HVAD and other types of LVADs[3]. The reason our rate of thrombosis was higher was due to the unsatisfactory compliance of some patients and that anticoagulation management in between our routine controls was left to peripheral referring hospitals, which were not familiar with this kind of patients. Moreover, two patients had an in-situ driveline infection and, despite the negative laboratory results for sepsis, it cannot be excluded that this had a negative effect on anticoagulation.

  In our series, the diagnosis and management of pump thrombosis in HVAD patients was based only on LDH levels and echocardiographic and logfiles findings. Unfortunately, quite often, the diagnosis does not rely on the simultaneous evaluation of these three elements. Our simple approach introduced this novelty. It proved successful and led to the rapid, correct treatment and management. The association of raised LDH, echocardiographic evidence of increased maximal flow velocity in the left ventricle in the proximity of the inflow cannula, together with the marked, abnormal surge of power consumption and flow of the device led to the identification of the type of malfunction. This was of the intra-pump type in all cases[10].

  Diagnosis of pump thrombosis relies on clinical, laboratory, and instrumental tests. On clinical grounds, patients may present with signs and symptoms of left heart failure, complaining fatigue up to pulmonary oedema. Acute renal failure may be present as well. Laboratory tests include the test for haemolysis, such as LDH, haematocrit, haemoglobin, and haptoglobin. LDH is the most specific indicator of pump thrombosis: elevation > 2.5 should require further investigation[2]. In our series, LDH plasma levels had almost > 3 fold increase at the time of thrombosis, indicating an intra-pump thrombosis[10]. In case LDH levels do not drop after thrombolysis, LVAD exchange should be considered. Pump thrombosis may determine a decrease of haptoglobin, haematocrit, and haemoglobin too, but these may also decrease due to other causes unrelated to thrombosis (i.e., patient hyperhydration, concomitant presence of a prosthetic heart valve, bleeding)[2]. Several authors advocate monitoring of haemolysis for the prevention and early treatment of pump thrombosis during the follow-up. This is based on the observation that pump thrombosis may have a slow onset, and patients develop haemolysis as the first sign[8].

  With regard to echocardiographic findings, our series support once more the pivotal role of echocardiography for the detection and management of HVAD thrombosis, as demonstrated by several authors previously[1,5,11,12,15]. The assessment of the correct position of the inflow and outflow cannula was achieved. Despite quantification of blood flow velocity at the site of the inflow cannula within the left ventricle is reported difficult to record due to artefacts around the cannula[11], the alignment of the echo probe to the inflow cannula describing an angle < 20° allowed assessment of increased flow velocities. These are an indirect sign of pump obstruction. Moreover, the addition of transthoracic three-dimensional modality identified, in eight cases out of 17 (47%), thrombi lining the outer surface of the inflow cannula without edging into the lumen. Detection of thrombi shed a light on the likely mechanism of HVAD thrombosis: formation of clots occurs in the left ventricle in areas close to the inflow cannula, flow turbulence triggers the fragmentation of clots into debris that easily migrate into the impeller of the device through the inflow cannula, and, as a result, the device increases the energy consumption.

  Finally, the use of echocardiography avoids further investigations like the CT-scan because the information acquired by the CT, like position of the inflow and outflow cannula, can very easily be gathered by echocardiography, reducing the time to diagnosis and avoiding administration of contrast medium[5].

  As far as the logfiles are concerned, these are a very precious tool in the hands of the physician to understand the underlining problem. Logfiles signs of intra-pump obstruction have very clear features: the sudden and marked abnormal surge of flow and energy consumption and their return to normal levels after treatment are very easy to interpret. Flow may also have an oscillating pattern that may not guarantee a constant, adequate cardiac output, and some patients may present with exertional dyspnea. On the other hand, sudden decrease of flow with steady power consumption are typical features of inflow cannula obstruction, whereas a slow decrease of flow and power consumption characterize outflow cannula obstruction[10]. The prompt availability of these recordings is another element that justifies their use. In our series, all cases presented with the same patterns of obstruction on logfiles recordings.

  Finally, in our series, LDH plasma levels were > 3-fold increased at the time of thrombosis, in line with results in other series[2]. A LDH level > 5 times the normal limit is highly specific (92.5%) and sensitive (100%) for the diagnosis of VAD thrombosis[2]. In the series by Birati et al. [16], two patients with confirmed pump thrombosis had a < 3-fold increase of LDH, reducing the sensitivity of 5-fold LDH cutoff to 82%. The likely explanation for the abrupt rise of LDH is that there is turbulent flow and increased shear stress, causing the rupture of red cells and raised LDH serum levels. With regard to LDH isoenzymes at the time of VAD thrombosis, Gordon et al. reported raised LDH-1 and LDH-2 and decreased LDH-4 and LDH-5[17].

  In the setting of suspected thrombosis, surgical device exchange or urgent heart transplantation represent the most definitive treatment modalities[10]. However, cardiothoracic surgery is not without risks. An additional surgery for pump exchange can result in formation of scar tissue and adhesions, which can increase the duration and risk of bleeding during subsequent surgery for heart transplantation[3]. Therefore, it is important to explore medical management strategies to treat pump thrombosis for transplant candidates or patients who cannot withstand surgery.

  Thrombolysis has emerged as the medical treatment largely in use[1,7]. Unfortunately, there are limited series of patients, and the type of treatment varies greatly, from rT-PA, urokinase to prolonged heparin infusion[1,7].

  In our cases, the institutional protocol for primary prosthetic valve thrombosis was adopted[12]. Results were satisfactory, with a 100% rate of success. Only one patient died of cerebral haemorrhage at the end of treatment, with the rate of bleeding of this series being 5.8% (1/17), well within or even below the rates of bleeding reported in another series[18]. Beside differences about the thrombolytic drugs, there are also discrepancies about the doses of rT-PA administered among the different series[1,7]. Several authors reported successful thrombolysis with a minor dose[1,7]: it must be said that, in the present series, the drop of flow and consumption energy of HVAD begun soon after the start of the rT-PA infusion, indicating that the first 40-50 mg infused were likely a sufficient dose to dissolve the clots. On the other hand, it is virtually impossible to document that a total lysis of thrombi within the pump impeller has taken place. This is because, apart the echo imaging of clots in the left ventricle, all other measures available for diagnosis of device thrombosis are indirect. Therefore, the infusion of a higher dose of rT-PA may be justified by the effort to guarantee a total clean-up of the impeller by residual thrombi. Nonetheless, further clinical studies monitoring reduction of LVAD power during thrombolysis may provide useful information on the appropriate dose.

  The patient in our series who experienced four thrombotic events was successfully transplanted after the last episode. This decision was taken because the patient continued to experience thrombosis, despite the anticoagulation management, and overall follow-up was monitored very closely since the first event. Therefore, it was felt that further events with consequent rT-PA treatments would have raised the risk of mortality and morbidity to such an extent as to consider transplant a safer option.

  Limitations

  The limitation of this study is the small population, being not a cooperative trial.

   

  CONCLUSION

  In conclusion, in our series, the simultaneous evaluation by echocardiography, logfiles review, and LDH titration proved new, easy, and reliable for the diagnosis and management of HVAD thrombosis.
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    ABSTRACT

    INTRODUCTION: Aortic stenosis is the most common heart valve disease in the world, and patients that present with symptoms have a high mortality rate. Aortic valve replacement has the objective of promote left ventricular remodeling, reduce symptoms, and increase overall survival. The objective of this study is to evaluate reverse remodeling of the left ventricle in patients with severe and symptomatic aortic stenosis who underwent surgical or percutaneous transcatheter aortic valve replacement.

    METHODS: This is a longitudinal, prospective, non-concurrent, non-randomized unicentric study with patients who underwent aortic valve replacement. Echocardiogram was performed before and after replacement procedure to evaluate several remodeling indexes.

    RESULTS: Of 91 patients, 77 (84.6%) underwent surgical aortic valve replacement, and 14 (15.4%) underwent percutaneous transcatheter aortic valve replacement. Mean age was 68,96±11,98 years, and most patients were male. Remodeling evaluation revealed that patients who decreased left ventricular index mass (53% vs. 38.9%; P=0,019) and those who reduced the mass/volume ratio (30.4% vs. 68.9%; P<0,001) presented with positive left ventricular remodeling. No endpoint difference was found in those with positive remodeling.

    CONCLUSION: Regarding the left ventricular remodeling in patients with severe and symptomatic aortic valve stenosis who underwent percutaneous transcatheter or surgical valve replacement, there is a positive increment in remodeling, however it remains in concentric hypertrophic shape. Implication of these findings remains uncertain and to be studied in large dedicated trials with clinical endpoints.

    Keywords: Aortic Valve; Aortic Valve Stenosis; Heart Valve Diseases; Echocardiography; Usage Remodeling; Ventricular Remodeling; Surgical Instruments. 
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  INTRODUCTION

  Aortic stenosis (AS) is the most prevalent heart valve disease in the world, and symptomatic patients have high rates of morbidity and mortality[1-3]. As stenosis progresses, there is an increase in the afterload; increased left ventricular (LV) pressure and adaptive hypertrophy to maintain ventricular wall stress can cause an inappropriate hypertrophic response, leading to fibrosis, dilation, and loss of ventricular function and resulting in symptoms, heart failure, arrhythmia, and death[3-7]. Reestablishing the valve function with an increase in the effective orifice area, reduction of transvalvular gradient, and reversal of hypertrophy results in improvements of symptoms and increased survival[3-5].

  The definitive treatment for AS is valve replacement, and the gold standard procedure is surgical aortic valve replacement (SARV), but it has been accompanied, in the last decade, by percutaneous transcatheter aortic valve replacement (TAVR) in low, intermediate, and high-risk surgical cases, with overlapping clinical results in both therapeutic methods[8-13]. Treatment is usually indicated according to stenosis severity, symptoms, and ejection fraction (EF)[1-2].

  Reverse remodeling is a phenomenon that occurs in patients with AS after valve replacement, and it is characterized by enhance in hypertrophy pattern followed by ventricular mass regression and increase in ventricular function, evaluated through echocardiogram or magnetic resonance[3,4,14-16]. Greatest reduction usually occurs within the first six months, but it persists improving until up to two years after valve replacement, accompanied by reduction in the LV mass/volume ratio, reduction in cavitary volumes, and enhance in diastolic filling and global heart function[5-7,15-17].

  The aim of this study is to perform an echocardiographic evaluation of aortic valve replacement effects in LV remodeling in patients with severe symptomatic AS who underwent SARV or TARV.

   

  METHODS

  A longitudinal, prospective, non-concurrent, non-randomized unicentric trial was performed in patients with AS who underwent SAVR or TAVR from January 2014 to December 2018 in a large tertiary cardiology center. Data collection was carried out mostly through review of electronic medical records, with complement of physical records, when necessary, without contact with patients or interference in their treatment, therefore informed consent was dispensed.

  Research was approved by local institution’s ethics and humans research independent committee through Plataforma Brasil, under protocol nº 3.593.226.

  Population and Data Collection

  Patients > 18 years of age, with severe and symptomatic AS, and submitted to SAVR or percutaneous TAVR were included. Severe AS was defined as a valvar area ≤ 1 cm2 or indexed valve area ≤ 0.6 cm2/m2, mean aortic valve gradient ≥ 40 mmHg, and maximum jet velocity ≥ 4 m/s; patients with low flow/low gradient AS with aortic valve area ≤ 1 cm2 with LV ejection fraction (LVEF) < 50%, and mean aortic valve gradient ≤ 40 mmHg, but who presented myocardial reserve, were also considered[1]. Symptoms were chest pain, syncope or dyspnea, and functional class ≥ 2 secondary to valvar disease. Patients with pacemakers, cardiac resynchronizers or implantable defibrillators, hypertrophic cardiomyopathy with or without outflow tract obstruction, myocardial infiltrative disease, predominance of aortic regurgitation, presence of infectious endocarditis or metallic or biological prosthesis in the aortic position, major LV dysfunction (EF < 20%), deaths in the perioperative period, and those who did not have echocardiogram data before or after valve replacement were excluded from the present study.

  Data collection was related to characteristics and clinical evaluation, characteristics of valve replacement procedures, length of hospital stay, and complications that occurred both in the perioperative period and in clinical follow-up. The baseline echocardiogram used was the one performed closest to the valve replacement, no later than six months before the procedure. Follow-up echocardiogram was performed preferably between six and 24 months after the procedure. When the patient had more than one echocardiogram, the examination performed closer to 12 months of valve replacement was chosen for analysis. Echocardiographic data evaluated and collected from both echocardiograms were LV end-diastolic diameter (LVEDD) and diameters of other cavities, thicknesses of septal and posterior walls, LVEF, LV mass index (LVMI), and LV diastolic volume index (LVDVI), after their calculations, and relative wall thickness (RWT) (calculated with the formula 2 × posterior wall thickness/end-diastolic diameter)[5].

  Outcomes

  The primary objective of the study was to evaluate the impact of aortic valve replacement on reverse LV remodeling in patients with AS, evaluating LVMI, LVDVI, type of ventricular hypertrophy, mass/volume ratio, RWT, and LVEF before and after the procedure. As secondary objective, the characteristics associated with improvement in the remodeling variables evaluated in the primary outcome were analyzed. Variables were then associated with a defined composite outcome of death by all causes, need for a new pacemaker implantation, valve prosthesis dysfunction, considered stenosis, significant valve insufficiency or paravalvular leak, and need for valve replacement in the follow-up.

  Statistical Analysis

  Statistical analysis was performed with the IBM Corp. Released 2013, IBM SPSS Statistics for Windows, version 22.0, Armonk, NY: IBM Corp. program. Continuous variables were expressed as means and a standard deviation and, when necessary, they were compared using the Student’s t-test or the Mann-Whitney U test, when the continuous data did not have a normal distribution, for paired samples. Categorical variables were described as frequencies and percentages and were compared using the chi-squared test or Fisher’s exact test. A multiple regression model was used to evaluate those variables that were associated with the increase in remodeling and the events in the follow-up. Variables that presented a modestly close relationship with P<0.3 were included in the multiple regression model. The significance level used in all evaluations was a two-sided P-value of 0.05. The continuous variables were categorized according to their means, when appropriate for their association.

   

  RESULTS

  From January 2014 to December 2018, 260 patients with symptomatic AS underwent valve replacement in our institution. Of these, 169 were excluded because they did not meet inclusion criteria. Figure 1 details the exclusion reasons and final population. A total of 91 patients were included for final analysis, of which 77 (84.6%) underwent SAVR, 24 (31%) with mechanical prosthesis and 53 (69%) with biological prosthesis, and 14 (15.4%) underwent TAVR. Mean age was 68.96 (±11.98) years, and 65% of the patients were male. The main baseline characteristics are summarized in Table 1. Four (4.4%) patients had history of previous stroke, and four (4.4%) of chronic obstructive pulmonary disease. Thirteen (14.4%) patients had previous coronary revascularization, 11 (12.2%) percutaneous coronary intervention, and two (2.2%) myocardial revascularization surgery.
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  Hospitalization and Perioperative Characteristics

  Aortic valve replacement was combined with other procedures in 23 (25.3%) cases — 15 cases (16.5%) with coronary revascularization. During hospitalization in the postoperative period, 60 (65.9%) patients had an event. The most common events were bleeding and occurrence of atrial fibrillation in 12 (13.1%) and 24 (26.3%) patients, respectively. There were also three (3.2%) cases of acute myocardial infarction, six (6.5%) patients evolved with acute renal injury, six (6.5%) with total atrial-ventricular block, and four (4.3%) with need for a definitive pacemaker implantation. Postoperatively, mean time in intensive care unit (ICU) was 4.56±4.43 days, and mean length of hospital stay after valve replacement was 14.31±13.59 days, including the mean ICU time. Twenty-four (26.4%) patients died in the postoperative period and were not included in the final analysis (Figure 1).

  Ventricular Remodeling

  Echocardiographic data at baseline and after aortic valve replacement are presented in Table 2. Mean follow-up exam was performed within 14.64±12.96 months. A significant reduction in LVEDD and thickness of the interventricular septum and posterior LV wall was observed, also resulting in the reduction of LVMI, LVDVI, RWT, and mass/volume ratio in the follow-up echocardiogram. LVEF showed an increase in relation to baseline but without statistical significance. Figure 2 shows the increase in EF and diastolic function after valve replacement.
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  Seventeen (19%) patients had moderate to important aortic regurgitation associated with stenosis before valve replacement. After the procedure, this number was reduced to three (4%). A reduction in the maximum and mean valve gradients was also observed, in addition to a slight reduction in pulmonary artery systolic pressure (PASP). As not all patients had measurements of PASP and valve gradients on the follow-up echocardiogram, no additional analyses were performed with these variables.

  Despite the improvement in various remodeling indexes observed after the procedure, ventricular geometry remained similar, with a concentric hypertrophic LV shape, either after SAVR or TAVR (Figure 3).
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  Factors Associated with Ventricular Remodeling

  The remodeling indexes, including LVMI, LVDVI, RWT, and mass/volume ratio, were dichotomized according to the difference of their means, and the LVEF was evaluated according to ≥ 10% increase of their values after valve replacement, in order to evaluate factors associated with the improvement of these indexes.

  The factors related to the greatest reduction in LVMI were male sex (50.8% vs. 28.1%; P=0.047), patients with reduced LVEF (< 50%; 64.5% vs. 32.1%; P=0.003), LVMI values (75.7% vs. 20.3%; P<0.001), and LV end-diastolic volume (LVEDV) (64.1% vs. 26.9%; P=0.001) higher than the average on baseline echocardiogram. After logistic regression model that also involved age and smoking, the baseline LVMI remained the only variable associated with improvement in LVMI (P=0.001; odds ratio [OR]: 1,033; 95% confidence interval [CI] 1.016-1.050). Only patients with LVDVI ≥ 75 mL/m2cs at baseline echocardiogram presented a significant reduction in LVDVI after valve replacement (50.0% vs. 20.5%; P=0.004), as higher the initial LVDVI, greater the regression of the same index was. This association was lost in multivariate analysis (P=0.370).

  Regarding RWT, not presenting a previous myocardial infarction (53.9% vs. 13.3%; P=0.04) and a higher RWT at baseline echocardiogram (57.7% vs. 10.5%; P<0.001) were associated with its regression. In a multivariate regression model, which included smoking, LVEDV, and LVEF, the RWT of the baseline echocardiogram remained associated with enhanced ventricular remodeling (P=0.01; OR: 2472.3; 95% CI 6.3 - 960543.5). Three factors were associated with an increase of at least 10% in LVEF after valve replacement, high baseline LVEDV (50.0% vs. 16.0%; P=0.001), low baseline RWT (44.4% vs. 21.7%; P=0.001), and reduced baseline LVEF (< 50%; 64.5% vs. 12.3%; P<0.001). In this evaluation, patients with eccentric hypertrophic pattern had a higher chance of increasing LVEF. This association was lost in multivariate analysis. No variable analyzed was associated with improvement of the mass/volume ratio.

  Compound Secondary Outcome

  The mean follow-up time was 2.6±1.6 years, and 12 (13.2%) patients had an event in the composite outcome. The occurrence of perioperative events (25.6% vs. 2.1%; P=0.001) and the non-increase of at least 10% in LVEF after valve replacement (18% vs. 0.0%; P=0.016) were the only two factors associated with the events that occurred during the clinical follow-up period. After adjustments in multivariate regression analysis, no association with the events was detected.

   

  DISCUSSION

  Our study reached its primary objective and demonstrated that after valve replacement in symptomatic patients with AS, there is an enhance in LV remodeling rates through echocardiographic analysis, with reduction of LVMI, LVDVI, RWT, and mass/volume ratio. The higher these indices are preoperatively, more pronounced the reduction and benefit are in remodeling, but ventricular geometry remained with a concentric hypertrophic pattern despite the clear regression, both in patients treated with SARV and TAVR. Despite an improvement in remodeling rates was evaluated, there was no relation with occurrence of adverse events in a medium-term follow-up. It is noteworthy that patients who presented an increase of at least 10% in LVEF did not present events in the follow-up.

  With barrier elimination and afterload reduction, patients submitted to aortic valve replacement present various degrees of reduction in ventricular mass, with an increase in volumes and improvement of LV diastolic and systolic functions[3,4,14]. La Manna et al. [15] evaluated 27 patients submitted to TAVR with magnetic resonance imaging at six months and identified that, even in this short period, LVMI regression occurs (84.5±25.2 g/m2 vs. 69.4±18.4 g/m2; P<0.001), observed in patients with or without myocardial fibrosis, but with no difference in LVDVI, LVEF, and systolic volume. In this analysis, the authors indicated a reverse remodeling with reduction of the mass/volume ratio (P=0.001) at the expense of LVMI, but no factor was a predictor of reverse remodeling in multivariate analysis. The reduction of LVMI starts early and seems to persist until at least four years after aortic valve replacement, but its effect on remodeling and final ventricular geometry is still uncertain[7,16]. In 50 high-risk patients, with a mean age of 77 years, with symptomatic AS, Fairbairn et al. [6] also demonstrated a reduction in LVMI and LV systolic volume with both SAVR and TAVR. In this study, only patients submitted to SARV[25] presented a significant reduction in LVDVI (92±19 ml/m2 vs. 74±12 ml/m2; P<0.001) and baseline LV volumes were predictors of reverse remodeling (P<0.001). In our study, the factors associated with increased remodeling after multivariate analysis were LVMI and LVDVI. We found a slight and non-significant increase in LVEF after valve replacement. This increase is observed in several studies and, in general, is important after procedure, particularly in patients with previous reduced LVEF[5,6,15]. Age, gender, presence of fibrosis, and myocardial reserve are usually factors related to the improvement in LVEF, despite none was found in our analysis[3,4].

  In an echocardiographic sub-study of The Nordic Aortic Valve Intervention (or NOTION), Ngo et al. [5] compared patients undergoing SAVR and TAVR at three and 12 months. They found similar reduction in RWT in both groups and a more marked reduction in LVMI in patients undergoing SAVR (17.5% vs. 7.2%; P<0.001). Thus, ventricular geometry, with a concentric hypertrophic pattern in both groups before the procedure, changed only in patients undergoing SAVR, moving to a concentric remodeling pattern. This was probably observed by the increase in LVEDV of patients undergoing TAVR due to factors such as aortic regurgitation and the need for pacemaker implantation. Lamb et al. [16] have already demonstrated in the past that early reduction of LVMI is accompanied by reduction of mass/volume ratio improving ventricular remodeling and diastolic filling of those patients. Despite the increase in remodeling rates, our patients remained in a spectrum of LV concentric hypertrophy (Figure 3), a fact demonstrated both in patients who underwent SARV and TAVR, which can be explained in part by the baseline indexes being higher in our population, possibly by delayed treatment, with no adequate global change. SARV and TAVR seem to promote an increase in remodeling despite small differences in some indexes found in the studies[5,6].

  We did not demonstrate the impact of different remodeling indexes on patient prognosis. An analysis of 4,280 patients identified that the presence of important LV hypertrophy before valve replacement was associated with an increase of 16% in mortality and 34% in the compound outcome of mortality and the need for new hospitalization at five-year follow-up. Mild or moderate hypertrophy was not associated with outcomes[18]. In an evaluation, with a five-year follow-up, of 1,434 patients who were alive one year after TAVR, Chau et al. [17] demonstrated an average reduction of 14% in LVMI, with reduced mortality and need for further hospitalization. For each 10% reduction of LVMI, there was a reduction of 5% in mortality. The presence of significant LV hypertrophy in one year (39% of patients) was also associated with all-cause mortality (adjusted risk ratio 1.71; 95% CI 1.20 - 2.44; P=0.003). On the other hand, a study with 31,199 patients from 422 centers of the Society of Thoracic Surgeons/American College of Cardiology Transcatheter Valve Therapy (or STS-ACC TVT) Registry, which evaluated patients undergoing TAVR, found no association between concentric or eccentric ventricular hypertrophy when a one-year death, myocardial infarction, stroke, or need for dialysis endpoint was evaluated[19]. Despite some contradictory data, the presence of greater ventricular hypertrophy before valve replacement and a less significant reduction of LVMI seems to be associated with a worse prognosis in these patients, indicating that an earlier intervention according to overall LV characteristics, which goes beyond LVEF, seems to be the way to improve prognosis in this population.

  Limitations

  Our study has several limitations. Due to high rates of patient exclusion, accounting for approximately 2/3 of total procedures, most due to the absence of all necessary data, a small sample was submitted to final analysis. Patient-prosthesis mismatch and other valve hemodynamics measures were not performed and analyzed due to lack of echocardiogram data and may have impact on LV remodeling. The heterogeneity of the sample, which included patients undergoing SAVR with mechanical, biological, and TAVR prosthesis, may also have some influence on the results due to the different populations that usually receive each of these devices. The exclusion of patients with death in the perioperative period was necessary to be able to complete the follow-up and to have at least one echocardiographic examination in the follow-up, but this also causes a population of lower risk for future events, leading to a low incidence of outcomes in the medium-term follow-up. Finally, the non-complete return to normal LV geometry, remaining the pattern of concentric hypertrophy in the population mean, may indicate that patients were late submitted to valve replacement with worse remodeling and LV function, consequently.

   

  CONCLUSION

  Our study concludes that in patients with severe and symptomatic AS, remodeling indexes including LVMI, LVDVI, RWT, and mass/volume ratio enhance after aortic valve replacement. This is more evident in patients with higher initial mass and volumes, did not result in changes of LV final geometry, and was not associated with reduction in population events in a medium-term follow-up.
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    ABSTRACT

    INTRODUCTION: The left ventricular ejection fraction (LVEF) is commonly used as a marker of aortic stenosis (AS) disease severity and to indicate surgical intervention. However, an LVEF <50% identifies mainly advanced disease. Hence, earlier detection of subclinical LV systolic dysfunction may improve clinical decision-making. The global longitudinal strain (GLS) can identify subclinical systolic dysfunction at earlier stages of AS progression even in the presence of preserved LVEF. To this end, we evaluated the preoperative prognostic significance of the LVGLS to identify patients who will undergo a more extensive postoperative LV reverse remodeling as a surrogate marker for clinical recovery.

    METHODS: We performed a prospective observational study based on detailed pre- and postoperative 2D transthoracic echocardiographic examinations, including strain analysis with speckle tracking. We screened 60 consecutive patients with severe AS and a preoperative LVEF ≥50% indicated for surgery; 39 patients met the study entry criteria and consented to their participation.

    RESULTS: The median age was 67 (range 30-79) years; 56.4% were female. At baseline, the GLS was 61.64±7.22%. Surgery led to an improvement in the GLS; the mean difference was 3.23% [95% CI=1.96 to 4.49%] during a median follow up time of 5 (interquartile range 4-6) months. The preoperative GLS correlated with the postoperative LV mass index (LVMI) r=0.526, P=0.001 and the intraventricular septal thickness in diastole (IVSd) r=0.462, P=0.003. Furthermore, patients with a normal GLS (≤-18.9%) at baseline experienced a better recovery of their LV morphology and systolic function during the postoperative course compared to those with an abnormal GLS (>-18.9%). The effect size, hedges g, was at least >0.75 for the LVMI, IVSd, intraventricular septal thickness in systole (IVSs), left ventricular posterior wall thickness in diastole (LVPWd) and LVEF, suggesting a clinically significant difference between subgroups at follow-up.

    CONCLUSION: A normal preoperative left ventricular global longitudinal strain is associated with an improved left ventricular reverse remodeling and systolic function following surgery to resolve aortic stenosis.

    Keywords: Aortic Valve Stenosis; Heart Ventricules; Ventricular Remodeling; Severity of Illness Index; Biomarkers; Echocardoography; Clinical Decision-Making.
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  INTRODUCTION

  The assessment of left ventricular (LV) systolic function is crucial in the risk stratification of aortic stenosis (AS) patients[1]. Current guidelines recognise a ejection fraction (EF) <50% as a class I indication for aortic valve replacement (AVR)[2]. Nevertheless, clinical decision-making, according to the left ventricular ejection fraction (LVEF), has been questioned in recent years[3]. LVEF may remain normal for years, due to compensatory mechanisms, despite the occurrence of deep sub-clinical structural and functional myocardial changes that dictate disease progression, which can affect the clinical outcome[4].

  It is well established that patients with severe AS and significant LV systolic dysfunction can benefit from surgical aortic valve replacement (SAVR). Nevertheless, severe AS patients with LV systolic dysfunction are at higher risk to experience postoperative complications with an increased risk of intrahospital and long-term mortality in comparison to patients with preserved LV function.

  The global longitudinal strain (GLS) is a more accurate marker of myocardial fibrosis compared to LVEF. In comparison to other indexes of LV systolic function, the parameters of LV longitudinal deformation are superior in detecting myocardial dysfunction and damage. Current evidence suggests that patients with severe AS have sub-clinical LV systolic dysfunction, resulting in distorted GLS values despite preserved LVEF[5]. We speculate that the normalisation of GLS values might signify a reversal of pathological myocardial changes and correlate with left ventricular reverse remodeling (LVRR). GLS can be routinely evaluated using 2D-speckle tracking echocardiography.

  Consequently, GLS has the potential to be incorporated into clinical decision-making in patients with severe AS and to predict SAVR procedural success according to the postoperative LVRR.

  This study evaluated the correlation between preoperative GLS and postoperative echocardiography parameters associated with LVRR. Furthermore, we analysed whether GLS can stratify patients who will experience more pronounced resolution of LV hypertrophy and improvement in systolic function following SAVR.

   

  METHODS

  We prospectively screened 82 consecutive patients indicated for SAVR at our clinic between November 2016 and June 2017. The STROBE study flow diagram describing the inclusion and exclusion criteria is shown in Figure 1.
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  Inclusion criteria were:

  
    • Fulfilled echocardiographic criteria for severe aortic stenosis.

    • LVEF >50%.

    • Written consent for study participation.

    • Clinically stable patients.

  

  Exclusion criteria were:

  
    • Previous cardiac surgery.

    • Concomitant moderate or severe valve morbidity.

    • Atrial fibrillation or flutter.

    • Unstable coronary artery disease.

    • Severe renal or liver failure.

    • Technically unsuitable echo window.

    • Patients who refused a control check-up.

    • Postoperative mortality.

    • Postoperative evaluation on a different echocardiography device (Philips vs. GE).

  

  The final study cohort consisted of n=39 patients. All patients provided a signed informed consent form to participate in this observational study. The Zan Mitrev Clinic’s Ethics Committee approved the study.

  We performed a medical history evaluation, physical examination, biochemical analysis and electrocardiography (ECG) and a coronary angiogram for the possibility of existing CAD.

  Echocardiographic examinations were performed on a Philips Epiq 7 Cardiology Ultrasound Machine; saved recordings were examined using the Philips IntelliSpace Cardiovascular Portal platform.

  We performed the measurements according to the guidelines and recommendations[2].

  EF was calculated by Simpson’s method, mean and peak trans-aortic gradients were determined using the continuous wave Doppler method, and aortic valve area was calculated with the continuity equation[6].

  Tissue Doppler imaging was used to obtain peak systolic (S’) and peak early diastolic (E’) mitral annular velocities measured on the septal and lateral sides of the mitral annulus and after the calculation of E/E’[7]. Relative wall thickness (RWT) was calculated according to the following formula 2 × PWd/LVEDd: “double the thickness of the posterior wall divided by left ventricular end-diastolic dimension”[8].

  The LV mass was calculated according to the linear method using the American Society of Echocardiography formula:  LV mass  = 0.8 ×  ( 1.04      [     (  L     V     I     D     d  +  PWTd  +  SWTd   )  3   −     (  L     V     I     D     d   )  3   )  + 0.6    g [9],

  Where:

  LVIDd = Left ventricular internal diameter at end-diastole

  PWTd = Posterior wall thickness in diastole

  SWTd = Septal wall thickness in diastole and indexed to the body surface area (m2/kg).

  Mitral annular plane of systolic excursion (MAPSE) was measured in millimetres with M-mode echocardiography at four different points (septal, lateral, anterior and inferior) in apical 4- and 2-chamber views; a value ≥10 mm was considered within the reference range[10].

  High-quality ECG-gated images were obtained and recorded with frame rate >50 frames/s in long apical axis 4- and 2- chamber views; recordings were subsequently analysed using 2-D speckle tracking, where segmental strains were presented as a bull’s-eye map. A GLS value of -18.9% was set as the cut-off for normal longitudinal strain as recommended by the vendor[9].

  Ethics Approval and Consent To Participate

  The Zan Mitrev Clinic’s ethics committee approved the clinical practice and treatment procedures described in this case series.

  Consent For Publication

  The Zan Mitrev Clinic’s ethics committee approved the publication of clinical data under the condition of full anonymity.

  Availability of Data and Material

  All data generated or analysed during this study are included in this published article and its supplementary information files.

  Surgical Technique

  Surgical aortic valve repair proceeds according to the standard protocol for cardiopulmonary bypass (CPB) placing patients under mild hypothermic conditions (32°C). Myocardial protection is achieved through continuous retrograde and antegrade cardiac perfusion with warm blood cardioplegia.

  Statistical Analysis

  Categorical parameters were summarised as absolute numbers and percentages. Continuous data are shown as mean±SD or median+interquartile range (IQR).

  Continuous variables were evaluated using the D’Agostino-Pearson normality test - independent parametric data were analysed using the Student’s t-test, and non-parametric continuous variables were assessed using the Mann-Whitney test for independent comparisons. Comparisons of preoperative versus postoperative data were performed using a paired T-test or Wilcoxon signed-rank test for non-parametric data.

  Fisher’s exact test was applied to evaluate the association between categorical variables with the outcome. Regression analysis between preoperative GLS and echocardiographic markers were performed using Pearson’s or Spearman’s correlation testing. We adopted the hedges’ g as a measure for the effect sizes due to unequal and small samples sizes.

  Data were analysed with the statistical softwares Graphpad Prism, version 7.03 and Statsdirect, version 3.1.20.

   

  RESULTS

  Patient Characteristics and Procedure Overview

  Baseline patient characteristics are presented in Table 1. All patients had symptomatic aortic valve stenosis with clinical indication for SAVR according to European Society of Cardiology guidelines: AS severity based on aortic valve area index (AVAI), mean pressure gradient and peak jet velocity. Hypertension was the most frequent comorbidity (84.6% of patients). In 9 cases (23.1%), SAVR was combined with coronary artery bypass grafting (CABG) surgery. No cases of operative mortality were observed during a follow-up period of 219 patient-months. No patients were lost to follow-up.
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  The echocardiographic parameters before and after SAVR are summarised in Supplemental Tables 1 to 4. All patients had severe AS with preserved LVEF. The mean (± SD) preoperative AVAI, transvalvular mean pressure gradient (TMG), transvalvular peak aortic jet velocity (pTAS) and LVEF were 0.42±0.09 cm2/m2, 37.7±15.1 mmHg and 4.08±0.81 m/s and 61.64±7.22%, respectively.

  The mean (± SD) GLS was -16.58±4.25%, and the LV fractional shortening was 36.95±9.92% before surgical intervention.

  We observed LV hypertrophy in all patients. The mean (± SD) left ventricular mass index (LVMI) in males was 216.3±48.45 g/m2, of which 15 out of 17 had concentric hypertrophy. In female patients, the mean (± SD) LVMI was 150.3±47.39 g/m2 with 19 out of 22 having concentric hypertrophy at baseline.

  After a median follow-up time of 5 (IQR 4-6) months, several parameters associated with AS severity were improved (Supplemental Tables 1 to 4). SAVR resulted in notable improvements in overall LV dimensions and LV systolic function. Furthermore, a significant reduction of E/e’ values and increase in average MAPSE (Supplemental Table 2) point to improved diastolic and systolic function after SAVR.

  Finally, we observed a gradual normalisation of LV strains compared to baseline values, in particular, the GLS, which improved by 3.23% [1.96 to 4.49%], P=0.0001 (Supplemental Table 4; Figures 2 and 3).
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  Left Ventricular Global Longitudinal Strain as a pre-SAVR predictive marker for Left Ventricular Mass Regression

  We determined the association between preoperative LVGLS and various other echocardiography parameters linked to LVRR at follow-up.

  Preoperative GLS values showed significant correlations with several markers associated with LVRR, such as LVEF, LVPW, interventricular septal thickness and LVMI (Table 2). The biggest effect size was observed between preoperative GLS and post-operative IVSd (rp=0.462; P=0.0031) and LVMI (rs=0.562; P<0.0001) (Figures 3C to E and Table 3; Supplemental Figures 1 and 2).
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  Next, we examined the prognostic significance of GLS. For this purpose, the cohort was stratified into two sub-groups according to the recommendations of the vendor Philips Epiq 7 for a GLS cut-off value of -18.9%; “normal” = GLS ≤-18.9% group (n=13) and the “abnormal”= GLS >-18.9% group, n=26. The sub-groups were equally matched for age, BMI and BSA (Supplemental Figure 3D).

  At baseline, both sub-groups had similar LV morphology and systolic functions, except significant differences in GLS (Figures 3C to E). We observed a trend suggesting higher NYHA status in the abnormal GLS sub-group. However, this difference did not reach statistical significance. On the other hand, NYHA class was associated (rp=0.477; P=0.0023) with the extent of preoperative LV hypertrophy; patients with NYHA class 3 had a more pronounced LV hypertrophy compared to those with NYHA class 2, mean difference in LVMI was 59.71 g/m2 (95% CI 17.21 to 102.4 g/m2), P=0.0072 (Figure 3F).

  All patients successfully underwent SAVR and experienced an uncomplicated postoperative course. Patients who required concomitant CABG experienced a similar postoperative LVRR as those who underwent isolated SAVR (Supplemental Figures 1B to D)

  The clinical condition of the whole cohort improved at follow-up; notably, the “normal GLS” subgroup (≤-18.9%) had a more favourable LVMI compared to the “abnormal” subgroup (>-18.9%) (Figure 3B). Furthermore, the normal GLS sub-group were more likely to recover a healthy LVMI compared to those with an abnormal GLS, OR 12.27 (95% CI 2.257 to 50.45), P=0.0021 (Figure 3G).

  Finally, we evaluated the postoperative values of candidate echocardiography outcome measures associated with LVRR (Table 3). The most prominent effects between the “normal” and “abnormal” subgroups at follow-up were observed for markers of LV geometry.

  In conclusion, patients with a normal GLS experience a faster normalisation of LV dimensions after SAVR.

   

  DISCUSSION

  Aortic stenosis (AS) is the most common degenerative valvular heart disease; a result of immune-mediated calcification of the valve leaflets. Failure of compensatory mechanisms over time leads to clinical symptoms as a consequence of progressive fibrosis, impairment of myocardial contractility and reduced LVEF[1]. However, reduced LVEF (<50%) manifests in the late stages of the disease and has been associated with irreversible myocardial dysfunction and is an independent risk factor for sudden death in patients with severe AS.

  To this end, more sensitive markers for the early stages of AS that overcome the limitations of LVEF-guided clinical decision-making are warranted[11]. Early detection of subclinical systolic dysfunction may optimise the timing of aortic valve intervention[12]. GLS is a promising and sensitive marker of the subclinical systolic dysfunction[13,14].

  In the present study, we assessed the prognostic significance of LVGLS in a cohort of severe AS patients with preserved LVEF. We demonstrate that 1) the baseline GLS value strongly correlates with several echocardiography parameters linked to LV hypertrophy and LV systolic functions. Moreover, 2) patients with a normal GLS (<-18.9%) experienced a more pronounced LVRR during the early postoperative period. In contrast, LVRR extent was significantly impaired in patients with an abnormal GLS (≥-18.9%) at baseline.

  Notably, sub-groups were matched for age, gender and BMI; both groups were similar concerning the degree of AS severity, LV hypertrophy, LVEF and NYHA class at baseline. The main difference between sub-groups before SAVR was their sub-clinical LV systolic function as determined by speckle-tracking echocardiography strain analysis (Figure 3C and Supplemental Figure 1A).

  SAVR forms the cornerstone of AS management. It has been shown that the degree of LV hypertrophy and extent of LVRR after SAVR determines long-term clinical prognosis[15].

  Even though the evaluation of GLS can detect subclinical systolic dysfunction with high sensitivity[13,14], strain analysis by speckle tracking echocardiography is currently not implemented in major clinical practice guidelines[2]. Nonetheless, our data suggest that the preoperative GLS has the potential to classify patients who will experience accelerated LVRR after SAVR. Thus, a normal GLS is associated with better postoperative recovery of normal LV geometry.

  Our data align with recent reports that advocate the inclusion of LVGLS analysis to improve risk stratification of patients with severe AS, facilitate clinical decision-making and timing of aortic valve replacement[16]. Of importance, the LVGLS is independently associated with all-cause mortality in AS patients[17].

  Heterogeneity in GLS measurements among published clinical studies hampers the inclusion of the LVGLS analysis in clinical practice guidelines; the recorded measurements vary among different vendors because of proprietary differences in the software used to calculate deformation[18]. Reported reference values of GLS vary from -15.9% to -22.1%[19]. Nevertheless, our comparative study was built on a cut-off value of -18.9% as recommended when using the Philips Epiq 7[9].

  Accordingly, patients with a normal GLS (<-18.9%) experienced a faster recovery of normal LV geometry and substantial improvement in their LV functionality (Supplemental Table 6). In contrast, abnormal GLS values at baseline translated to a modest LVRR, characterised by a slower normalisation of their LV geometry during the follow-up period.

  Based on our data, one could hypothesise that normal GLS values pertain to LV cardiomyocytes with the intrinsic capacity to overcome interstitial fibrosis[1] and attenuate signalling effectors underlying pathologic remodelling.

  Resolution of pathological LV hypertrophy is generally considered a marker of favourable prognosis and prolonged survival[18]; on the other hand, recent reports suggest that a rapid improvement of the LVMI is paradoxically linked to a high(er) 30-day mortality[19,20]. There were no early mortality cases in our study; currently, our long-term follow-up is still ongoing, and long-term mortality can not be assessed yet. Given the complexities of LV mass regression post-AVR[21], the limitations of 2D imaging-derived calculations[19], SV adaptions[21] it will be of high interest to determine potential differences in mid-to-long-term mortality rates between the “normal” and “abnormal” GLS subgroups.

  Our study has several limitations that require further discussion; first, our results pertain to a single-centre, observational retrospective study. A more controlled prospective setting, e.g. stratification based on NYHA class, classification of AS stages[22] and strict comparison based on comorbidities such as coronary artery disease, might strengthen the data. Also, a subgroup analysis comparing patients with or without concomitant CABG revealed no differences in the extent of LVRR based on postoperative values of GLS, LVMI and IVSd (Supplemental Figure 1).

  Second, the study was powered to detect an effect size of >0.5. Consequently, the sample size for the sub-group comparisons was too small to confirm other trends with a smaller effect size; for instance, the association between the preoperative NYHA class and GLS value.

  Third, the subgroups should be followed over a more extended period to confirm a possible association between the postoperative LVRR with adverse cardiovascular events and (all-cause) mortality.

  Despite these limitations, our conclusions are based on highly significant mean/median differences (Supplemental Tables 1 to 4, correlation coefficients (Supplemental Table 5) and large effect sizes, >0.75 (Supplemental Table 6), which combined may be interpreted as clinically relevant observations.

   

  CONCLUSION

  In conclusion, a normal preoperative LVGLS is associated with improved postoperative recovery of normal LV geometry and function. GLS correlates with several echocardiography markers of LVRR.

  The results advocate the use of the LVGLS as an early and more sensitive marker to establish AS stenosis severity, facilitate indication for AVR and classify patients with a better postoperative prognosis following surgery.
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    ABSTRACT

    INTRODUCTION: The objectives of this study are to experimentally evaluate the haemostatic effects of two organic substances, a membrane of chitosan and a collagen sponge coated with thrombin and human fibrinogen (TachoSil®), in sealing 7-0 needle stitches holes on the femoral arteries of rats as well as to evaluate local histological reactions.

    METHODS: Twenty-four rats were included, and four holes were made in each common femoral artery. In the control group, haemostasis was achieved only by compression with gauze sponge; and in the two other groups, haemostasis was achieved with application of one of these two substances.

    RESULTS: Membrane of chitosan and TachoSil® showed a power to reduce the time to achieve haemostasis compared with the control group (P=0.001), and the haemostatic effects of these two substances were comparable. There was lower blood loss in the groups where these two substances were used when compared with the control group, but no difference was found comparing the two substances.

    CONCLUSION: The use of these sealants did not promote more adhesion or local histological reactions when compared to the control group. Since chitosan is easy to find in nature, has a positive effect to promote haemostasis, and did not bring considerable local reactions, it might be used as a sealant in cardiovascular surgery.

    Keywords: Femoral Artery; Fibrin Tissue Adhesive; Ca; Hemostatics; Fibrinogen; Catheterization; Cardiovascular Surgical Procedures.
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  INTRODUCTION

  Vascular sutures are not always effective, particularly in those patients who use anticoagulants or antiplatelet agents. Sealants can curb or decrease bleeding on the suture line of blood vessels, and they can be substances of organic or synthetic origin, the former having less potential to cause inflammation[1].

  Chitosan, a mucopolysaccharide derived from chitin by deacetylation process, is the second most abundant polymer in nature and is considered a natural fibre with high biomedical potential due to its biocompatibility, biodegradability, and absence of toxicity[2].

  The aim of the present study was to experimentally determine the effects of two organic materials, a membrane composed of chitosan and a collagen sponge coated with thrombin and human fibrinogen (TachoSil®), in repairing the femoral artery of rats. The haemostatic capacity as well as macroscopic and local histological reactions were checked, comparing the referred effects between the chitosan membrane and collagen sponge with the control group (CG).

   

  METHODS

  This study was approved by the Ethics Committee for Animal Research of the Faculdade de Medicina de Jundiaí (protocol 262/2016), which follows the recommendations of the National Council for Animal Experimentation of Brazil (or CONCEA).

  The polymeric chitosan membranes were manufactured and supplied by the Polymer Laboratory at the Faculdade de Engenharia Mecânica of the Universidade Estadual de Campinas, using Sigma-Aldrich® polymers (Merck KGaA, Darmstadt, Germany).

  TachoSil® (Takeda Austria Gmb) is a sponge made of collagen coated with 5.5 mg of human fibrinogen per cm2 and 2.0 I.U. human thrombin per cm2.

  Twenty-four rats (Rattus norvegicus, Wistar) were used, with an average age of 26 weeks and weight between 250 g and 350 g. The animals received balanced feed (Purina®), water ad libitum in a controlled temperature environment (23±1°C), and a 12/12 hours light/dark cycle.

  The 24 animals were randomly assigned to three groups, each of which was subdivided into two subgroups. The animals in the first subgroup were euthanized on the 7th postoperative day, and the animals in the second subgroup were euthanized on the 21st postoperative day. Four perforations were made in both femoral arteries of each animal, and haemostasis was obtained as follows:

  
    • Control Group (CG), n=8: compression with sterile gauze.

    • Chitosan group (ChG), n=8: allocation of the chitosan-based membrane around each femoral artery, followed by compression with sterile gauze.

    • TachoSil® group (TG), n=8: allocation of a TachoSil® sponge film around each femoral artery, followed by compression with sterile gauze.

  
  Surgical Procedure

  The animals were anesthetized with ketamine Francotar® solution (Sespo Ind. E Com. , Jacareí, Brazil) and 2% xylazine hydrochloride Xilazin (Virbac Brasil Ind. E Com. , São Paulo, Brazil) — proportion 2:1, dose 0.15 ml/100 grams of body weight, intramuscularly. The experiments took place under sterile conditions. The rats were placed in the supine position, and trichotomy antisepsis was performed in the femoral regions, bilaterally. The procedures reported below were done first on the right and then on the left side. Small incisions (0.5 cm) were made in the right and left inguinal regions, followed by dissection and isolation of the common femoral artery. Subsequently, two transfixing perforations were made with stainless steel needle of polypropylene 7.0 non-absorbable monofilament suture thread (PolySuture®, S. Sebastião do Paraíso, Brazil), resulting in four perforations in each common femoral artery. In the CG, compression was made with sterile gauze until the bleeding stopped, and in the other groups, compression with gauze was performed after the application of predetermined material (chitosan or TachoSil® membrane) around the femoral arteries in each animal.

  Since both femoral arteries were injured in each animal, each group had 16 femoral arterial lesions.

  The gauzes used on the femoral arteries were weighed before and after compression, and the values were recorded. The time until complete bleeding suppression was also counted and noted.

  After the procedure, the incisions were closed with nylon 4.0 monofilament surgical suture (Shalon®, Goiânia, Brazil). Each animal received injection of 0.1 mL/100 g weight dose of the veterinary antibiotic Pentabiotic® for small size animals (Fort Dodge, Campinas, Brazil), via gluteal intramuscular. All animals were kept under observation with artificial heating until awakening from anesthesia and sent to the vivarium. It was made available for the animals to drink paracetamol solution at a dosage of 20 mg/kg of weight, diluted in water until the date of euthanasia.

  The animals were kept isolated in separate cages, with continuous observation, and received common food and water ad libitum. The wounds were inspected in order to check the integrity, possible infections, and the aspect of healing.

  On the 7th postoperative day, animals from subgroups CG7, ChG7, and TG7 were euthanized (lethal dose of sodium thiopental, 100 mg/kg, intraperitoneally) to check for scar reactions (beginning of the proliferative phase of the healing process). The animals from subgroups CG21, ChG21, and TG21 were euthanized on the 21st postoperative day to study healing reactions (proliferative and maturation phases of the healing process).

  
    • CG: four animals euthanized at the 7th day, and four animals at the 21st day.

    • ChG: four animals euthanized at the 7th day, and four animals at the 21st day.

    • TG: four animals euthanized at the 7th day, and four animals at the 21st day.

  
  Analysis of Haemostatic Capacity

  The haemostatic capacity of the membranes was assessed by the time elapsed until the haemorrhage was suppressed (time to haemostasis) and the amount of blood absorbed in the gauzes.

  Considering that the total blood volume (TBV) of Rattus norvegicus is 6.4% of its weight, the TBV of each animal was first calculated. Subsequently, the volume of blood lost by each animal was calculated. As the amount of blood lost was measured in grams by the weight of the gauze, it was necessary to convert the grams into milliliters (mL) considering the blood density as the same as that of water, taking into account that previous research demonstrates this method[3].

  Macroscopic Analysis

  After euthanasia, the surgical wound was reopened, and the adhesions of the femoral arteries with adjacent tissues were analysed and classified according to the criteria of Knightly et al. [4].The adhesion analysis was performed only in the groups in which euthanasia was performed at 21 days after the procedure (CG21, ChG21, and TG21), and adhesions were classified as: 0, without adhesions; 1, light adhesions and easy separation of tissues; 2, firm adhesions with moderate difficulty in separating the tissues; 3, very firm adhesions requiring difficult dissection for tissue separation.

  Microscopic Analysis

  Arterial fragments of the areas that underwent intervention were removed and prepared for histological study with haematoxylin and eosin (Figures 1, 2, and 3) and with Picrosirius Red (Figure 4).
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  Nikon Eclipse E200 photomicroscope was used (4×, 10×, 20×, 40×, and up to 60× magnification objectives) as well as the Motic software for digital histological analysis and data recording through light microscopy. The samples stained with Picrosirius Red were submitted to polarized light microscopy to evaluate the birefringence of collagen fibres. Each histological section was examined to grade the inflammatory response using the modified Ehrlich-Hunt[5] numerical scale that takes into account the presence of erythrocytes, leukocytes, macrophages, fibroblasts, neovascularization, and the occurrence of necrosis, as shown: 0, no evidence; 1, occasional occurrence; 2, slight dispersion; 3, abundant evidence; and 4, confluence of cells or fibres.

  Statistical Analysis

  For statistical analysis, the IBM Corp. Released 2017, IBM SPSS Statistics for Windows, Version 25.0, Armonk, NY: IBM Corp. was used, and the chi-squared test was performed. To compare two independent variables, Mann-Whitney nonparametric test was used, and to three or more independent variables, Kruskal-Wallis nonparametric test was used.

   

  RESULTS

  There was no significant difference in relation to the mass of the animals between the groups, thus the groups were homogeneous.

  Haemostatic Capacity

  For analysis of the haemostatic capacity, the time spent until the haemorrhage ceased and the volume of blood lost were evaluated.

  The time needed to suppress haemorrhage (time to haemostasis) was significantly longer in the CG when compared to the experimental groups (P≤0.001). Although the time to haemostasis in the TG was shorter when compared to that of the ChG, this difference was not significant (P=0.073) (Table 1).
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  The groups were homogeneous in relation to the blood volume of the animals. The relative blood loss during and after the procedure was significantly lower (P<0.05) in the experimental groups when compared to the CG: using the Mann-Whitney nonparametric test, the P-value was 0.02 when comparing the CG versus the experimental groups (ChG and TG). However, when comparing only the experimental groups (ChG versus TG), the P-value was equal to 0.18, being greater than the significance level set at P>0.05. The results are shown in Table 2.
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  Macroscopic Analysis

  The examination of the surgical wound showed that in all animals there was adequate healing and there were no signs of infection.

  Using the Kruskal-Wallis nonparametric test, it was found that there was no significant difference between the degree of tissue adhesions between the groups (Table 3).
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  Microscopic Analysis

  Histological findings demonstrated that the healing process followed the usual healing characteristics at seven and 21 days after the procedure in the three groups. In the slides of the animals euthanized at seven days, there was a predominance of red blood cells and leukocytes, while in the slides of the animals euthanized at 21 days, there was a predominance of neovessels and fibroblasts.

  Considering the time of 21 days from the date of the procedure, significant differences were observed in four of the six items analysed: greater number of red blood cells (P≤0.001), leukocytes (P≤0.001), neovessels (P≥0.003), and fibroblasts (P≤0.032). The presence of macrophages was very rare, and no giant cells or areas of fibrosis were found. The values of the findings are shown in Table 4.
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  DISCUSSION

  Haemostasis is a primary condition for preventing complications inherent to surgical procedures[6]. Uncontrolled haemorrhage can prolong hospital stay, increase costs, and can lead to hypovolemic shock, failure of the cardiovascular system, and, consequently, death. Among the spectrum of substances available to help prevent this unwanted haemorrhage, natural and biodegradable polymers, such as chitosan, can lead to better results than synthetic polymers[7].

  When chitosan comes in direct contact with the blood, blood clots start to form due to the attraction of erythrocytes. The mechanism of action is based on an ionic interaction between positively charged chitosan acetate and negatively charged red blood cells. Deficiencies in the coagulation process do not seem to interfere with the coagulation process fostered by the application of chitosan, since the mechanism of action of chitosan is not in the coagulation cascade[8].

  Haemostatic Capacity

  The present study demonstrated that the use of chitosan membrane as well as the collagen sponge showed significant differences (P<0.05) in the measurement of the time until reaching haemostasis, when compared to the CG. The effectiveness of the chitosan membrane is explained by the interaction of the chitosan NH3 + ammonia groups with red blood cells. Platelets, which have a negative electrical charge, join chitosan through an ionic bond, which results in the formation of a thrombus, due to platelet aggregation, inducing haemostasis[9].

  This result is consistent with the prospective controlled and randomized study by Kang et al. [6] in patients undergoing transradial approach and coronary interventions, in which it was demonstrated that the application of small chitosan-based blocks, combined with local pressure, obtained superior results when compared with the isolated application of local pressure. About 70% of patients in the study groups achieved haemostasis in the first 10 minutes, while 75% of patients in the CG (the isolated local compression group), took > 11 minutes to achieve haemostasis.

  Although the CG showed a slightly longer time to stop bleeding than the TG, the difference between these two groups was not significant (P>0.05), demonstrating that both materials have similar haemostatic capacities.

  Li et al. [10] developed microspheres composed of chitosan through chemical processes known as microemulsion and thermally-induced phase separation. The authors compared the microspheres developed with haemostatics of commercially used chitosan, such as Celox® compresses, from ChitoFlex®, TraumaStat® linings, and bandages from HemConTM, in order to evaluate and compare the ability of these materials to promote haemostasis. It was analyzed the in vivo haemostatic ability of the materials to suppress haemorrhage caused by amputation of the tail of rats and by liver laceration. Both the time until haemostasis and the lost blood volume were measured. The chitosan microspheres developed by Li et al. [10] showed better results, that is, less time to reach haemostasis and less blood volume lost due to bleeding. In the Li et al. [10] study, while blood loss in the CG was 1.450 g±0.523 g and in the chitosan compound group it was 0.273 g±0.174 g, the amount of blood lost in the group of the smaller and denser chitosan microspheres was 0.061 g±0.034 g.

  Misgav et al. [11] highlighted in their study the importance of bleeding time in chronic haemodialysis-dependent patients. According to them, haemorrhage in this type of patient can easily exceed 45 minutes, even with continuous direct pressure with gauze pads at the puncture site. However, prolonged and repetitive compression can induce the formation of a thrombus and eventually lead to the occlusion of some blood vessel, generating serious complications. Misgav et al. [11] compared the efficacy of chitosan acetate compresses with conventional gauze pads in 15 chronic haemodialysis patients with prolonged bleeding at the puncture site and found that chitosan-based pads obtained significantly better results than conventional gauze pads (P<0.01).

  Tissue Adherence

  Tissue adhesion was analysed in CG21, ChG21, and TG21 groups. The results expressed in the adherence table suggest that both the chitosan membrane and the collagen and fibrinogen sponge did not cause a scar exacerbation. In the study by Zhou[12] with chitosan compound gels, it was found a significant reduction in tissue adherence levels when compared to the CG. Although in the present study the CG also showed higher levels in the classification of adhesions, the connective tissues in general were slightly adhered to the adjacent tissues, not revealing a significant difference.

  Local Inflammatory Reactions

  Histopathological examination showed that red blood cells, leukocytes, neovascularization, and fibroblasts were more pronounced in the CG than in other experimental groups. However, when ChG and TG methods were compared separately, using the Mann-Whitney test, there were no significant differences according to the modified Ehrlich-Hunt classification[5].

  The CG showed significantly more extravasation of erythrocytes in the vascular wall and in the surrounding areas (CG7 grade 4 = 100%; CG21 grade 3 = 50% and grade 4 = 50%). This fact may be related to the longer bleeding time and greater volume of blood loss presented by this same group. Although the TG had the lowest classification of red blood cell concentration (TG7 grade 0 = 62.5%, grade 1 = 37.5%; and TG21 grade 0 = 87.5%, grade 1 = 12.5%), the difference from ChG (ChG7 grade 0 = 37.5%, grade 1 = 37.5%, grade 2 = 25%; and ChG21 grade 0 = 75%, grade 1 = 25%) was not significant (P>0.05). The extravasation of red blood cells to the vascular wall and surrounding areas is directly related to the haemostatic capacity of the materials discussed before, reinforcing the haemostatic potential of the chitosan membrane.

  As mentioned, after the epithelial and vascular tissues have suffered the injury and the platelet plug has formed, the leukocytes, mainly neutrophils, begin to migrate to the injury site to continue the healing process. Leukocyte infiltrates were observed in all groups. The group with most leukocyte activity was CG (CG7 grade 1 = 25%, grade 3 = 25%, grade 4 = 50%; and CG21 grade 2 = 50% and grade 3 = 50%). Thus, there was a significant difference (P<0.05) when compared to ChG and TG. ChG was the group that obtained the most discrete leukocyte infiltration of the three groups (grade 0 = 62.5% and grade 1 = 37.5% for the sum of ChG7 and ChG21), although there was also no significant difference in the presence of leukocytes when compared to TG.

  In the three groups (CG, ChG, and TG), the samples taken from the animals euthanized on the 7th postoperative day showed more leukocyte infiltrates (CG grade 1 = 25%, grades 3 and 4 = 50%; ChG grade 1 = 62.5 %; and TG grade 1 = 75%) than those from animals euthanized on the 21st postoperative day (CG grades 2 and 3 = 50%; ChG grade 1 = 12.5%; and TG grade 1 = 37.5%). These observations were expected since the groups submitted to euthanasia on the 7th postoperative day are chronologically closer to the end of the late inflammatory phase and the beginning of the proliferative phase than the groups submitted to euthanasia on the 21st postoperative day.

  Acting in the final stages of the coagulation cascade, the sponge composed of collagen, fibrinogen, and thrombin accelerates the healing process. There was an improvement in helping in the efficiency of the coagulation process, and, consequently, a reducing of the harmful effects of the lesion, and mitigation the inflammatory reactions necessary in the process of healing.

  Previous studies[13,14] have shown that chitosan increases the capacity of inflammatory agents, such as neutrophils and macrophages, in addition to acting in all stages of healing. Furthermore, it has been reported that the chitosan haemostatic activity in the inflammatory phase can increase the healing process, accelerating the migration of leukocytes to the lesion site. Since the inflammatory phase is present between the first 24 and 72 hours, the acceleration of the migration of these inflammatory agents would lead to the early elimination of foreign substances. This, in turn, advances the process of fibroplasia and reepithelization and, consequently, the healing process itself[13,14]. Corroborating this hypothesis, Alemdaroğlu et al. [15] found a shorter time in the process of repairing wounds caused by burns in the groups that used chitosan gels[15-20].

  The reduced leukocyte infiltration in samples that received the polymeric chitosan membrane may also be related to the antimicrobial properties reported in studies with chitosan compounds[21].

  Influenced by molecular weight and by the level of deacetylation, chitosan molecules are able to inhibit protein and messenger ribonucleic acid synthesis with the penetration of chitosan into the nucleus of microorganisms. In addition, it forms an external barrier, leading to the suppression of essential nutrients for growth and development of pre-existing microorganisms. Zheng et al. [22] demonstrated that the antimicrobial effect of chitosan increases proportionally to the increase in chitosan concentration. A concentration of 1.0% had a rate of 100% inhibition of the growth of Escherichia coli and Staphylococcus aureus bacteria. An eventual inhibition of the grown of microorganisms at the lesion site induced by the properties of the chitosan membrane may have facilitated the inflammatory process, which is characterized by the reduction of the presence of leukocytes at the lesion site in the proliferative phase.

  Karahaliloğlu et al. [23] developed haemostatic sponges with a porous layer made up of chitosan, cellulose, and some active agents in the coagulation cascade, such as vitamin K and protamine sulphate, and analysed their performance in rat haemorrhages, also caused by injuries to femoral arteries. In the histological analysis carried out from resections of the arteries that received the materials of the experiment, although varying levels of inflammation were observed, the arterial walls remained intact. There were no responses with marked leukocyte infiltrates, corroborating the hypothesis that compounds of chitosan can be used safely to treat haemorrhagic lesions[23,24].

  When an injury occurs, fibroblasts are present at the beginning of the proliferative phase until the final stages of the healing process. CG was the group that most presented fibroblasts: 75% of the samples had grade 3 in the count of these cells. While in ChG and TG, 25% and 37.5% had grade 3, respectively. There was an increase in the fibroblast count in the 21-day groups and, consequently, an increase in the deposition of collagen and extracellular matrix. For example, 12.5% of the TG7 subgroup had the highest rating (grade 3), while 62.5% of TG21 had the same rating, practically five times more than TG7.

  The increased proliferation of fibroblasts in the samples collected on the 21st postoperative day when compared to the samples collected on the 7th day may be related to the increased migration of fibroblasts to the lesion site, starting between seven and 14 days. At 21 days, the proliferative phase is ending, and the healing process is starting the remodeling phase, in which fibroblasts continue the synthesis of substances which had started in the previous phase. This happens in order to restructure provisional tissues, restore density, and strength tension and other characteristics that the vascular walls and adjacent tissues had before suffering the injury.

  Howling et al. [19] compared the ability of different levels of chitosan deacetylation to modulate fibroblast mitogenesis in vivo. The results obtained demonstrated that highly deacetylated chitosan polymers are better able to stimulate fibroblastic mitogenesis. Since chitosan used in the present experiment is highly deacetylated (75%-85%), the data converge for the efficiency of the fibroblasts present, due to the synthesis of the most organized and structured tissue.

  Karahaliloğlu et al. [23] analysed the fibroblast nucleus in tissues that received chitosan compounds as a haemostatic agent and found that the groups that were subjected to contact with chitosan polymers showed a larger nucleus, as well as shorter healing time. This observation highlights that the efficiency of the healing process and the restoration of the individual’s homeostasis, through the repair of injured tissues, do not depend exclusively on the quantity of inflammatory cells, but also on the performance of each cell, which can be directly influenced by the interaction with exogenous substances applied at the injury site.

  In brief, the phenomenon of neovascularization is directly associated with the intensity of the inflammatory process and, consequently, with the participating structures, such as platelet by-products and neutrophilic proteins. Therefore, regarding the CG, the group with the most leukocyte infiltrates, it seems plausible that it was the group that also had the most newly formed blood vessels close to the injury site[25].

  The results obtained in this work show that the chitosan membrane showed haemostatic capacity and local inflammatory reaction similar to those of a commercially used haemostatic agent, the collagen membrane coated with fibrinogen and thrombin.

  Limitations

  As in all experimental studies, extrapolation of the results to human procedures calls for evolution of data with further experimental and clinical trials.

   

  CONCLUSION

  There were no significant differences between groups with respect to local tissue adherence. There were less exacerbated inflammatory reactions in animals that received chitosan membranes or collagen, fibrinogen, and thrombin sponge. The chitosan membrane showed haemostatic capacity similar to the collagen, fibrinogen, and thrombin sponge. Since chitosan is easy to find in nature, it has a positive effect to promote haemostasis and does not bring considerable local reactions, it might be used as a sealant in cardiovascular surgery.
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    ABSTRACT

    INTRODUCTION: Type A acute aortic dissection (AAD) remains a challenging cardiac emergency despite the availability of various management strategies. This study compared the outcomes of supracoronary ascending aortic replacement (SCAAR) with aortic valve (AV) resuspension with those of modified Bentall's operation for type A AAD and the progression of aortic regurgitation (AR), long-term dilatation of aortic root and proximal arch, and long-term mortality in SCAAR patients.

    METHODS: Sixty patients underwent surgery for type A AAD (January 2005 to December 2015). Forty-three patients underwent SCAAR with AV resuspension and 17 underwent modified Bentall's operation. All patients were followed up.

    RESULTS: Upon follow-up of SCAAR patients (n=40), there was significant reduction in aortic root size (preoperative 39.3 mm [9.4] vs. postoperative 33.1 mm [9.1]; P<0.001). Three of these patients worsened to severe AR while others had similar or lesser degree of AR. On comparison between preoperative and postoperative dimensions of all patients (n=53), there was no significant difference in distal ascending aorta size (35.7 mm [8.1] vs. 34.4 mm [8.9]; P=0.52). However, an increase in descending thoracic aorta size (28.8 mm [7.8] vs. 33.7 mm [9.9]; P<0.001) was observed. In-hospital and late mortalities for SCAAR vs. modified Bentall's procedure were 11.7% (seven patients) (7% [3] vs. 23.5% [4]) and 28% (15 patients) (15% [6] vs. 69% [9]), respectively.

    CONCLUSION: SCAAR with AV resuspension is a safe surgical option for type A AAD. Preservation of AV is associated with better long-term outcomes and reduced mortality. Modified Bentall's operation may be associated with long-term mortality.

    Keywords: Aneurysm, Dissecting; Aortic Valve; Aortic Valve Insufficiency; Dilatation; Bioprosthesis; Heart Valve Prosthesis; Treatment Outcome. 
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  INTRODUCTION

  Acute aortic dissection (AAD) is a surgical emergency necessitating urgent surgery to reduce morbidity and mortality. The reported incidence in literature is three per 100,000 people per year[1]. Stanford type A AAD carries a mortality of 50% in 48 hours and 75% in 14 days, if left untreated[2]. Surgical management remains the gold standard with operative mortality remaining high (up to 30%) even in experienced centers[3]. Repair in type A dissections involves complex strategies ranging from supracoronary ascending aortic replacement (SCAAR) - with or without aortic valve (AV) resuspension for aortic regurgitation (AR) -, modified Bentall's procedure, valve-sparing root operations, frozen elephant trunk technique for thoracic aortic dissection, and total aortic repair[4]. Since type A AAD can affect the entire length of the aorta, the native aortic root, the distal part of the ascending aorta (AA) and arch, they may undergo progressive dilatation, sometimes warranting a second procedure later[5]. Also, the resuspended AV may develop progressive AR, mandating surgical intervention in the future[6].

  Emergency surgery is often performed on a hemodynamically unstable patient to prevent aortic rupture and death[7]. Opinions remain divided on the optimal management strategy, with a number of studies validating the aggressive strategy of root replacement with or without AV-sparing procedures and others favoring SCAAR with preservation of AV. Extensive surgical procedures performed on sick patients in an emergency inherently increase the risk of perioperative complications significantly. Also, in developing nations, total corrective repair of aortic dissection poses other challenges like non-availability of composite valve graft (CVG) and paucity of empowered centers with sufficient infrastructure and surgical expertise. There is inconclusive data regarding the progression of AR and long-term changes of aortic root dimensions in patients who underwent AV repair with SCAAR. In this study, we evaluated the preoperative, immediate postoperative, and follow-up data of patients who underwent SCAAR with ascending aortic banding (AAB), neomedia reconstruction, and AV resuspension for Stanford type A AAD. Progression of AR and changes in distal ascending aortic and aortic root dimensions were analyzed. Subgroup analysis of patients with and without connective tissue disorders (CTD) was done. Incidence of aortic dissection is high among patients with CTD and hypertension. Management of these patients is controversial with regard to preservation of aortic root or usage of CVG at the initial setting.

   

  METHODS

  This retrospective study was approved by the institutional ethics committee of our institute (SCT/IEC/899/APRIL-2016). Patients who underwent either modified Bentall's operation or SCAAR and AV resuspension operation for Stanford type A dissection from January 2005 to December 2015 with long-term follow-up were included. A total of 60 consecutive patients were analyzed. Type A dissection was confirmed by presence of intimal flap and entry tear in the AA by two-dimensional echo and computed tomography (CT) scan. Dissection was termed as acute if duration between onset of symptoms and operation was within three weeks. Aortic root and distal AA diameters were calculated pre and postoperatively from CT imaging. Postoperative CT imaging was performed annually after surgery for three years, followed by once in two or three years depending on the findings. For comparative analysis, CT imaging at a three-year follow-up was considered (patients operated till December 2015 were included). Distal AA diameter was calculated just distal to the graft and proximal to the origin of innominate artery.

  Operative Techniques

  All procedures were performed within 24 hours of admission. Fifty-one patients were operated within hours of admission following resuscitation, as emergency operation. Chest pain with radiation to the back was the most common presenting symptom. All operations were performed by two surgeons who have expertise in aortic surgeries. During our initial years of study, we preferred modified Bentall's operation for many patients. However, in the more recent years, we have increasingly performed valve-preserving SCAAR. Furthermore, patients with dissection up to leaflet commissures, dissection appearing in previously existing aneurysm, and unfavorable leaflet morphology (bicuspid valve, calcified valve, deformed valve, injured valve) have undergone modified Bentall's operation. Intraoperatively, the choice of either replacement or repair technique was also based on surgeon's preference and likelihood of successful repair. All patients were cooled down to 18 °C. All procedures were performed on aortic cross-clamp (ACC) and limited period of circulatory arrest of 1-2 min to inspect arch for any entry tears. Any reentry tears were managed with hemiarch procedure. Those who underwent hemiarch procedure were excluded from the study.

  In modified Bentall's operation, AV and dissected AA were replaced with CVG designed by suturing a mechanical new generation, low-profile tilting disc valve (TTK Chitra Heart Valve, TTK Healthcare, Chennai, India) in 14 patients; mechanical bileaflet valve (St. Jude Medical, Masters Series, Puerto Rico, United States of America) in two patients; bioprosthetic pericardial leaflet prosthesis - Bio Bentall (PERIMOUNT Magna - Edwards Lifesciences, Irvine, United States of America) in one patient to a bovine collagen-coated polyester graft (InterGard, InterVascular, France or Gelweave, Vascutek Terumo, Scotland, United Kingdom).

  The procedure of SCAAR, AAB, neomedia reconstruction with AV resuspension was performed as described below. Cardiopulmonary bypass (CPB) was instituted by femoral artery (predominantly in about 70% of patients when there is no dissection involving it) or axillary artery (either directly or through a 7-mm graft) and right atrial cannulation. After ACC was placed, AA was opened, true lumen was identified, and cardioplegic arrest was achieved by ostial cardioplegia (St. Thomas or Custodial HTK cardioplegia). Dissected AA was resected. Proximal false lumen was obliterated by neointimal reconstruction with a piece of polytetrafluoroethylene (PTFE) strip, sized and shaped to conform with the dissected area in the aortic root. Human thrombin fibrin sealant (EVICEL Fibrin Sealant, Ethicon, United States of America or TISSEEL, Baxter pharmaceuticals, United States of America) was applied to hold the layers together and reinforced by approximating the layers together using 5-0 polypropylene suture.

  AV resuspension was performed using pledgetted 4-0 polypropylene with pledget placed outside aorta and sutured in a horizontal mattress fashion. AA was replaced with an appropriately sized collagen-coated polyester graft. Anastomosis was performed by incorporating the entire thickness of aortic wall, including the neomedia, using 4-0 polypropylene, which was further reinforced with PTFE strip placed outside aorta. Human thrombin sealant was applied at all anastomotic sites to prevent postoperative bleeding.

  AAB was performed with a broad strip of approximately 2 cm in width positioned around distal AA, just distal to the graft at the site of ACC. This can be performed by placing a 2-cm long tube graft railroaded over the main graft as a "sleeve" prior to performing distal anastomosis. Once distal anastomosis is finished, the sleeve is moved over the anastomosis to the distal aorta. The other technique uses a 2-cm wide PTFE strip to wrap around the distal AA. In both techniques, the band is anchored to the underlying aorta to prevent distal migration and occlusion of arch vessels.

  Statistical Methods

  Univariate analysis was done, and the results were presented as percentages for categorical variables and as mean and standard deviation for continuous variables. For bivariate analysis, Fisher's exact test was used for binary variables. The Student's t-test/Welch's t-test was used to compare the groups for continuous variables after F-test. Paired t-test was used to compare preoperative and postoperative measurements. Survival was estimated using the Kaplan-Meier curve. Cox proportional hazards regression analysis was performed to evaluate the effect of available perioperative data on survival rates. All statistical data were analyzed using IBM Corp. Released 2012, IBM SPSS Statistics for Windows, Version 21.0, Armonk, NY: IBM Corp. software and P-values <0.05 were considered significant.

  Power Calculation

  There were seven deaths out of 43 patients in the SCAAR group and nine deaths out of 17 patients in the Bentall group at the end of one year. When the mortality ratio in the SCAAR group is 16.3% and in the Bentall group is 52.9%, considering an alpha error of 5%, the power based on normal approximation is 84.16%. The power was calculated with the help of OpenEpi 3.01 software (Open Source Epidemiologic Statistics for Public Health).

   

  RESULTS

  Patients' Demographic Characteristics

  A total of 60 patients were analyzed. They were divided into two groups based on the surgical procedure. General characteristics, operative and intraoperative variables, and postoperative characteristics are depicted in Table 1. The left ventricular (LV) function of patients with AR was categorized as mild (ejection fraction [EF] 46-54%), moderate (EF 36-45%), and severe (EF<36%) LV dysfunction. AR was moderate to severe in 76.6% of the patients (n=46). There was a significant difference in terms of age at presentation, hypertension, CPB time, ACC time, and mean follow-up (years) between the two groups. Mean CPB time was 141.4±35.9 minutes. The mean ACC time was 97.3±20.6 minutes. Nine patients (15%) had adverse neurological event in the form of delayed awakening (not awake > 72 h), stroke, paraplegia, and coma. Mean creatinine value (mg/dL) was higher in the postoperative period (1.67 [0.67] vs. 1.37 [0.89]). Serum creatinine levels remained elevated postoperatively in patients with higher levels in the preoperative period. There were no new neurological events in patients with old history of cerebrovascular accident (CVA) following surgery.
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  Three patients had malperfusion. One of them underwent fenestration near renal artery for renal malperfusion and the other two underwent aortoiliac stenting for lower limb malperfusion immediately following primary surgery. Nine patients had additional procedures, eight had coronary artery bypass grafting (most commonly, single graft to right coronary artery), and one had mitral valve replacement (severe mitral regurgitation for mitral valve prolapse).

  There were seven deaths in early postoperative period. In-hospital mortality was 11.7%, with the SCAAR group [7%, n=3] having lower rate compared to the modified Bentall group [23.5%, n=4]. Death causes include cardiogenic shock (n=4), coma (n=1), bleeding (n=1), and multi-organ dysfunction syndrome (n=1). The mean age of the patients who died is 46±12 years. All patients who had in-hospital mortality were operated as emergency. Multivariate analysis could not be performed as the number of deaths were small.

  The mean follow-up period was 4.5±3.8 years. Preoperative and postoperative dimensions of aortic root, distal AA (distal to graft), and descending thoracic aorta (DTA) at hiatus level were compared in all patients who underwent surgery and also in SCAAR and modified Bentall groups separately (Table 2). There was significant reduction in aortic root dimensions following SCAAR surgery with no further increase on follow-up.
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  Progression of AR was followed up in all patients who underwent AV resuspension along with SCAAR. Out of the seven patients who had moderate AR in the immediate postoperative period, one patient progressed to severe AR. Two of the patients (11%) who had only mild AR in the early postoperative period progressed to severe AR. The remaining patients in the mild AR group continued to have similar or lesser degree of AR. Conjecturally, those with higher degree of AR in the early postoperative period tend to worsen, thus mandating late reintervention.

  Survival Analysis

  During follow-up, there were 15 (28%) deaths among 53 patients. Late mortality during follow-up also depicted poor survival among modified Bentall patients with mortality rate of 69% (n=9 of 13 survivors), whereas patients who have undergone SCAAR have only 15% (n=6 of 40 patients). Causes of late deaths include neurological causes (n=3, stroke=1, intracranial bleed=2), perioperative death while undergoing reintervention (n=2), chest pain (n=3), sudden cardiac death (unexplained) (n=5), and morbid illness (n=2). Multivariate analysis was done to predict risk factors of long-term mortality (Table 3). None of the factors were shown to predict long-term mortality. Though long-term mortality is higher in the modified Bentall group as compared to the SCAAR group, it failed to show association on Cox proportional hazard model. Larger numbers are required to predict risk factors of mortality.
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  Almost 53% of deaths (including in-hospital mortality) in the modified Bentall group have occurred during the first year following surgery, probably related to the management of anticoagulation and postoperative valve replacement related complications (arrhythmias or heart blocks). Overall survival of all patients at end of one, five, and ten years is 91%, 78%, and 66%, respectively, with mean average survival of 11 years (Figure 1).
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  Six patients underwent reintervention during the follow-up period. The reintervention procedures include debranching and thoracic endovascular aortic repair (n=2), aortic root replacement (n=2), DTA aneurysm repair (n=1), and fenestration (n=1). Two patients succumbed to death perioperatively during these procedures. The rest were kept on medical follow-up to monitor for AR progression and management. Kaplan-Meier analysis for long-term survival was calculated between the two surgical groups (Figure 2).
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  Comparison analysis among patients with and without CTD revealed significant differences in age, hypertensive status, and preoperative and postoperative serum creatinine levels. Patients with CTD presented with higher degrees of AR as compared to the rest (88.2% vs. 72%, respectively) (Table 4). Though there was minimal dilatation of aortic root preoperatively in the CTD group, there was no difference postoperatively.
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  DISCUSSION

  Surgery for type A aortic dissection is challenging despite advances in surgical techniques, cerebral protection strategies, and perioperative management. Its complexity is attributed to the fact that aorta is the main vessel arising from left ventricle, to its proximity to arch vessels, to the fragility of the dissected tissues, the necessity of periods of total circulatory arrest, and the requirement of a bloodless operative field. If the surgery is delayed, it can lead to aortic rupture, severe AR, and malperfusion of various end-organs of the body[8]. Furthermore, it can compromise coronary and cerebral circulation. Hence, early identification and prompt management play a pivotal role.

  Even though literature is replete with studies on extent of repair, choice of approach, and perioperative morbidity and mortality, the ideal surgical approach still remains controversial[9]. Studies by Colli et al. and Russo et al. concluded that perioperative risk factors play an important role on patient outcomes[10,11]. Merkle et al. concluded that the incidence of perioperative complications increased significantly with extent of surgical approach[12]. Many surgeons have adopted the strategy of limiting the complexity of surgery with the primary goal being improvement of early operative outcome rather than long-term postoperative consequences[7,13]. This can be achieved by limiting the extent of distal repair with or without conservative root repair techniques[9,14].

  Preservation of native AV with AV resuspension can be safely performed when root is not excessively dilated and extent of dissection is above sinotubular junction[14]. Limiting extent of distal repair includes either hemiarch replacement or replacement of AA alone. Cabasa and Pochettino have suggested remaining conservative at the level of root, but to perform more extensive repair at level of arch[9]. Our approach has been relatively conservative, and the extent of distal repair is individualized to each patient.

  Studies by Rice et al. and Crawford et al. suggested that isolated AA replacement with distal ACC was limited only to limited DeBakey II dissections, because they found the risk of distal anastomotic disruption and malperfusion of arch vessels high with increased incidence of strokes[15]. We have employed placement of ACC for most of the patients and none of our patients had distal anastomotic site dilatation or disruption. This favorable outcome is probably due to placement of AAB with PTFE strip around the distal anastomotic site which supports it till it heals. Comparison of preoperative and postoperative dimensions of distal AA distal to the graft remained similar (35.7 vs. 34.4 mm) without any significant dilatation.

  Adverse neurological events can occur preoperatively (due to involvement of arch vessels) or perioperatively. Though the adverse neurological events are slightly high (15%) in our study, results are comparable with literature of 11-29% in various series[16]. Few of these patients have cerebrovascular risk factors like diabetes mellitus and cigarette smoking and few others have presented in late stages with hypotension. Though antegrade cerebral perfusion is preferred to retrograde perfusion through femoral arteries, our higher event rate could also be attributed to these confounders apart from surgical technique.

  Traditionally, dissections are operated on deep hypothermic circulatory arrest with or without antegrade cerebral perfusion. ACC is avoided by many surgeons due to fear of damaging clamped aorta and causing micro debris embolization, which can compromise cerebral protection. Despite clamp application, our neurological events were not drastically high[17]. This has been achieved due to maintenance of cerebral and lower body perfusion, examination of arch with limited circulatory arrest to ensure no reentry tears promoting progression of dissection, keeping clamp time as minimum as possible, deep hypothermia (18 °C), and careful manipulation of aorta. Perfusion of the rest of the body while performing arch repair can have favorable outcomes in terms of end-organ protection. Song et al. have shown lower hepatic and renal enzymes in patients who underwent aortic arch repair under moderate hypothermia with intermittent lower body perfusion providing more effective end-organ protection[18]. Cerebral malperfusion remains the most important cause of cerebral injury intraoperatively[19]. Studies by Kim et al. and Merkle et al. have shown that total arch replacement can cause more CVA[12,20].

  The most commonly utilized site for arterial cannulation is the femoral artery because of its rapid accessibility, and it is the preferred site in many centers. Potential dangers include retrograde debris embolization, extension of dissection of intimal flap, expansion of the false lumen, and possible organ malperfusion[9].

  Total arch repair is associated with higher morbidity and mortality compared to less invasive approaches as reflected in studies by Kim et al. and Colli et al. [10]. Opponents of less aggressive surgery emphasize on persistence of residual false lumen, which poses as a significant risk factor for future potential reintervention. Resection of all reentry tears have to be confirmed for permitting complete thrombosis of false lumen[21,22]. Song et al. have shown significant higher incidence of partial thrombosis of residual false lumen in DTA with less aggressive strategies compared with total arch replacement with poor long-term survival and need for reopening for bleeding. Corroborative evidence was seen in this study that DTA measurements at hiatus were significantly higher postoperatively at follow-up compared to preoperative measurements (33.7 vs. 28.8 mm, respectively), which indicates expansion of residual false lumen. There were no patients with bleeding episodes which required redo surgery[23]. Lenos et al. found that performance of aortic repair in type A AAD by experienced aortic surgeons have better outcomes and higher curative rates[24]. Two surgeons who have experience in aortic surgery performed all repairs at our center.

  In developing nations where accessibility and resources are limited and with few aortic centers, provision for best care to all patients is challenging. Hemostats have also improved results by significantly reducing postoperative bleeding and the need for blood transfusions. Procedures on ACC enable surgeons to perform the procedure accurately without fear of cerebral and lower body malperfusion.

  Subgroup analysis of patients with and without CTD revealed that CTD patients were younger at presentation, whereas the non-CTD group had higher incidence of hypertension and higher serum creatinine level in preoperative and postoperative periods. A recent study has shown significantly higher rate of postoperative complications in patients with preoperatively elevated serum creatinine[25].

  Patients with CTD, presented with higher degrees of regurgitation probably related to underlying condition involving aortic root. Follow-up data of SCAAR patients showed good outcomes with majority of patients having no progression of AR. These findings are corroborating with conclusions of Tang et al. where AV resuspension improves valve competency even in patients with moderate to severe AR at presentation with good outcomes and the overall survival remains unchanged. Though studies are available on progression of AR, progression particularly in those with CTD needs to be studied with a larger sample size to draw conclusions.

  Consensus exists regarding rates of mortality, with most centers reporting low in-hospital mortality. In-hospital mortality in this study was 11.7%, which is comparable to the figures in the International Registry of Acute Aortic Dissections. Higher incidence of in-hospital or 30-day mortality was seen with aggressive surgical approaches and longer ACC times in literature. Corroboratively, ACC time has been significantly associated with higher incidence of postoperative complications, bleeding, and transfusion requirements. Survival analysis has shown significant mortality in the Bentall group with lower long-term survival reflecting aggressive surgical strategy affecting long-term outcomes.

  Limitations

  Larger sample size is required to predict various factors affecting in-hospital and late mortalities. Specific studies must be undertaken in patients with CTD and aortic dissection in large numbers. Studies of similar nature with valve-sparing root replacements have to be encouraged.

   

  CONCLUSION

  Although the choice and extent of surgical approach remain largely debated, SCAAR with AAB and AV resuspension is a safe option with good surgical outcomes. Preservation of native AV should be attempted whenever possible even in cases with severe AR as it has better long-term outcomes. Modified Bentall's procedure may be associated with higher long-term mortality as compared to SCAAR, though procedure per se might not be a significant risk factor for mortality.
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    ABSTRACT

    INTRODUCTION: The purpose of this study was to investigate the feasibility and superiority of using the WeChat platform for midterm clinical follow-up of children who underwent transthoracic device closure for ventricular septal defects (VSDs).

    METHODS: Ninety children with VSDs who underwent transthoracic device closure were divided into a WeChat follow-up group (WFU group) and an outpatient follow-up group (OFU group). The patients were followed up via WeChat or at an outpatient clinic three months and one year after discharge. The incidences of adverse events, associated complications, costs and time spent, loss to follow-up rate, medication adherence, and overall satisfaction were recorded.

    RESULTS: There was no statistically significant difference in the incidence of adverse events or postoperative complications between the two groups. Also, the loss to follow-up rate was similar between them. Compared with the OFU group, there were significant statistical advantages in the WFU group regarding the total time and cost spent, medication adherence, and satisfaction.

    CONCLUSION: The use of the WeChat platform in midterm clinical follow-up of children who underwent transthoracic device closure for VSDs has the advantages of reducing financial and time burdens, facilitating high medication adherence, and leading to high satisfaction.

    Keywords: Follow-Up; VSD; Device; Social Media.
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  INTRODUCTION

  Ventricular septal defects (VSDs) are some of the most common congenital heart diseases, accounting for 40% of these[1]. The traditional treatment for VSDs is surgical repair via cardiopulmonary bypass, which has the disadvantages of large surgical trauma, a long recovery time, and scarring[2]. Another common treatment is transcatheter device closure of the VSD, which has the advantages of no incision and a fast recovery; however, radiation exposure is required[3]. In recent years, transthoracic device closure has been widely used to treat VSDs in China. This technique combines the advantages of the two treatments abovementioned, such as a fast recovery, no radiation exposure, and small wounds[4], but the following complications still exist: 1. late-onset complete atrioventricular block; 2. occluder dislodgement; 3. new valve damage; and 4. other late-onset complications[5-7]. Therefore, these patients should be followed up closely, and aspirin should be taken orally for approximately three months as an anticoagulant. With the increased detection rate and operation volume among children with congenital heart disease in China, the relative lack of medical resources and the inconvenience of transportation will affect the treatment and follow-up of those children, making it difficult to detect and treat related complications in time[8]. Recently, the development of information technology has led to a variety of new medical consultation methods[9]. In China, more than 95% of adults own mobile smartphones, and more than 1 billion people use WeChat at least once a day; thus, this platform is deeply integrated into the daily lives of Chinese people[10]. Due to the widespread use of the WeChat platform in China, it has emerged as a health education tool for disease management, such as cancer, chronic diseases, and infectious diseases[10-12]. Therefore, in this study, we explored the feasibility and superiority of using the WeChat platform in midterm clinical follow-up.

   

  METHODS

  Research Participants

  According to the results of a presurvey, the alpha value was set to 0.05, and the power was set to 0.90. Assuming a certain loss to follow-up rate, we determined that the minimum sample size was 90 patients.

  From January 2018 to December 2019, 90 children diagnosed with a simple VSD who successfully underwent transthoracic device closure were selected as the research participants. The inclusion criteria for the study participants were as follows: age > 1 year old, who met the indications for transthoracic device closure, successfully underwent transthoracic device closure of a VSD, with good postoperative recovery, and no serious perioperative complications. The parents also had to have mobile smartphones and had to be familiar with the WeChat platform. The family members of patients who were unwilling to complete this study were excluded. Patients and family members with psychiatric or other medical or mental illnesses that might be likely to affect their ability to agree and participate in the study were also excluded. The study was approved by the ethics committee, and all eligible families provided informed consent. Basic information about the children is shown in Table 1.
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  Groups

  According to the predesigned random distribution envelope, the eligible patients who were discharged from the hospital were randomly divided into the WeChat follow-up group (WFU group, n=45) and the outpatient follow-up group (OFU group, n=45) for clinical follow-up. In each envelope, there was a card with 0 or 1 written on it: 0 represented the WFU group, and 1 represented the OFU group. A laboratory technician who did not directly participate in the study performed a single-blind treatment, so the researchers did not know how the children were randomly grouped.

  All patients and their families were given routine discharge and rehabilitation guidance when they were discharged. In the OFU group, routine echocardiography and electrocardiogram examination were performed in the outpatient clinic at three months and at one year of follow-up. The outpatient doctor provided guidance on drugs, diet, and other related matters needing attention. If the patients felt unwell, they could return to the hospital at any time. In the WFU group, routine echocardiography and electrocardiogram examination were performed in the local hospitals at three months and at one year of follow-up, and the related results were uploaded through the WeChat platform by a doctor with a specific WeChat public account dedicated to follow-up work. All family members of children in the WFU group were required to add this specific WeChat account by scanning the QR code to follow the WeChat public account and join the WeChat communication group, and they were taught how to receive and send information. The public account could be used by family members to receive related medical results and to communicate with doctors. Furthermore, this account could be used to send medical information on time every day to remind parents to administer medication to children, and it could be used to regularly send relevant knowledge about postoperative recovery and family health, mainly in the form of texts, pictures, videos, etc. For patients in the WFU group, if they experienced discomfort or abnormal test results, they could be recalled to the hospital immediately for further medical treatment and counseling.

  Postoperative Complications

  Postoperative complications were defined as late-onset complete atrioventricular block and malignant arrhythmia, occluder dislodgement, cardiac arrest, etc. Such results in the WFU group were uploaded to the public account, and results in the OFU group were communicated by the outpatient doctor. The evaluation of the echocardiography and electrocardiogram was conducted by a single doctor who was blind to the treatment group. Once occluder dislodgement or malignant arrhythmia occurred, the patients were recalled to the hospital for further examination and treatment.

  Total Time and Cost

  In general, the time and cost of follow-up could be measured among both researchers and participants. In our research, we only calculated the time and cost spent by the participants. The time spent by the OFU group was calculated as the time between leaving home and returning home during the follow-up period, and the costs included transportation, accommodation, and inspection costs. For the WFU group, the time spent included not only the inspection time but also the time required to send information and consult with the doctor on the WeChat platform. The financial costs included transportation and inspection fees as well as Internet fees, which are calculated according to China Mobile traffic charges[13]. Only the total cost for the WFU group could be calculated because it was difficult to calculate the exact mobile traffic charges for communicating with the doctor.

  Medication Adherence

  Anticoagulants needed to be taken for three months, so the medication adherence assessment was performed during the three-month follow-up. Medication adherence was assessed using the four-item Morisky Medication Adherence Scale, which has been used in the study of hypertension, diabetes, and cardiovascular diseases[14-16]. The four questions were as follows: 1) Did you ever forget to take your medicine? 2) Were you careless at times about taking your medicine? 3) When you felt better, did you stop taking your medicine? 4) Sometimes if you felt worse when you took the medicine, did you stop taking it? Response options to these four questions were either yes or no and were assigned the values of 1 or 0, respectively. The values were summed to create an adherence score, and a score ≥ 2 was defined as having low medication adherence.

  Loss to Follow-Up Rate

  Loss to follow-up is generally considered to be associated with poor outcomes and should be seriously considered when developing a follow-up regimen[17]. In this study, if the patients in the OFU group did not respond to the follow-up assessments, they would receive a reminder call. If they were not followed up with after one week, they were deemed to be lost to follow-up. For the WFU group, patients who did not reply in WeChat within three days were given a WeChat message reminder. If they still did not reply within one week, they were considered lost to follow-up. If both the three-month and one-year follow-ups were not completed, the patient was considered lost to follow-up.

  Satisfaction

  At the end of the study, the family members were asked to complete the Patient Satisfaction Questionnaire-18 (or PSQ-18) to assess satisfaction in both groups[18].

  Statistical Analysis

  All statistical analyses were conducted with IBM Corp. Released 2015, IBM SPSS Statistics for Windows, Version 23.0, Armonk, NY: IBM Corp. Continuous data are expressed as the mean ± standard deviation. The normality of the distributions was assessed for all continuous data, and the data were confirmed to have normal distributions. Clinical parameters between the two groups were compared with the independent samples t-test. The χ2 or Fisher’s exact test was used to compare categorical variables. A P-value of < 0.05 was defined as statistically significant.

   

  RESULTS

  A total of 86 patients (43 in the WFU group and 43 in the OFU group) completed the study. Two patients in the WFU group withdrew from the study: one patient withdrew due to being unwilling continue the WeChat follow-up at five months and the other patient withdrew due to changes in the WeChat account at seven months. Two patients in the OFU group withdrew from the study: one patient was lost to follow-up at nine months and the other patient withdrew for unknown reasons at six months. The demographic and clinical characteristics of the two groups were not significantly different (Table 1).

  Arrhythmia occurred in two patients in the WFU group, including one patient with an incomplete right bundle branch block and one patient with sinus arrhythmia. Similarly, arrhythmia occurred in two patients in the OFU group, including one patient with an incomplete right bundle branch block and one patient with occasional atrial premature beats. There were no occluder dislodgements or other serious complications in both groups.

  There were statistically significant differences in the time spent between the WFU group and the OFU group at three months and one year of follow-up (129.59±13.74 vs. 394.11±40.23 min, P=0.009, and 118.94±17.61 vs. 381.63±45.31 min, P=0.007, respectively). There were also statistically significant differences in the cost spent between the two groups at three months and one year of follow-up (375.27±42.49 vs. 470.07±78.67 China Yuan [CNY], P=0.035, and 373.74±41.22 vs. 479.35±89.26 CNY, P=0.032, respectively) (Tables 2 and 3).
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  There was no significant difference in the loss to follow-up rate between the two groups. At the three-month follow-up, two patients in the WFU group had low medication adherence (2/45, 4.44%), and 10 patients in the OFU group had low medication adherence (10/45, 22.2%). Twelve patients in both groups reported that they forgot to take the drug for various reasons. The medication adherence in the WFU group was significantly higher than that in the OFU group (P=0.027). Satisfaction in the WFU group was also significantly higher than that in the OFU group at three months and one year of follow-up (4.28±0.85 vs. 3.66±1.02, P=0.041, and 4.36±0.76 vs. 3.51±1.10, P=0.037, respectively) (Tables 2 and 3).

   

  DISCUSSION

  VSD is one of the most common congenital heart diseases, and there are many infants and young children with VSD who need treatment every year[1-4]. For many Chinese patients with restrictive VSD, transthoracic device closure may be an option. Due to the increasing number of patients with complications after such procedures, increasing attention should be paid to these immediate and long-term complications, especially the occurrence of atrioventricular block[5-7]. Therefore, close follow-up is needed to diagnose the complications in time and guarantee the postoperative rehabilitation of the patients. In addition, due to the uneven distribution of medical resources in our country, advanced medical care is mainly concentrated in large cities, and basic medical care in rural areas is relatively lagging. The inconvenience of transportation hinders timely postoperative follow-ups, which might result in an increase in the loss to follow-up rate and make it difficult to detect and treat related complications in time[8]. In this study, 61.1% of patients lived in rural areas, and their parents needed to go to hospitals in large cities to seek treatment for their children’s health problems, which greatly increased the financial and time burdens. This usually led the family members of patients to be dissatisfied and worsened the tense doctor-patient relationship. In recent years, mobile medical technology has been widely used as an educational tool for medical guidance[10,19]. The WeChat platform can be used as a health education tool for disease management and provides health support by overcoming time and location constraints[20,21]. This is a prospective randomized controlled study exploring the feasibility and superiority of using the WeChat platform in the midterm clinical follow-up of patients who underwent transthoracic device closure of a VSD.

  With the development of the social economy, Chinese people are paying increasing attention to the time they spend on activities. The results showed that using WeChat for follow-up could greatly save time, which was preferable among patients’ families with a fast pace of life and little free time. In addition, we found that at the three-month follow-up, patients reported spending more time than at the one-year follow-up, which meant that the parents were more familiar in the process of seeing a doctor at the second follow-up. The cost spent in the WFU group was significantly lower than that in the OFU group, which was consistent with the parents’ economic expectations and Chinese medical strategy. Although there was no significant difference in the loss to follow-up rate between these two groups, we found that the family members in the WeChat group were more willing to maintain close contact with the doctor. Through the WeChat platform, it was easier for the parents to obtain professional support. The medication adherence in the WFU group was significantly higher than that in the OFU group, which facilitated the maintenance of effective blood concentration of the anticoagulant drug in the body and reduced the risk of embolism, thereby improving the therapeutic effect and reducing related complications. In addition, the routine reminder from the WeChat platform could effectively reduce the rate of forgetting to take medication. This study showed that the satisfaction of the WFU group was higher than that of the OFU group, possibly because the family members could keep in close contact with the doctor and conveniently communicate with the doctor during the follow-up period. In addition, doctors could give more humane care through the WeChat platform, so the parents might have had a better medical experience, thereby improving the doctor-patient relationship.

  It could be inferred that the use of WeChat for patients’ follow-up might have a profound and positive impact on the doctor-patient relationship. Due to big data, the doctor-patient relationship has undergone subtle changes, such that patients have shifted from passive recipients to those who actively obtain health information from the internet, and doctors are also be required to provide more health information[22,23]. With the increasing popularity of the internet, network-based health education is considered a viable way to improve the relationship between doctors and patients[24]. In this study, via midterm monitoring and tracking of discharged patients, a good and continuous relationship between doctors and patients was established through the WeChat platform, which should be more direct, rapid, dynamic, and friendly.

  There are still some disadvantages in the network-based health information model. For example, the quality of the network was sometimes uncertain, which might cause doctors to misread or misunderstand the information. In addition, doctors cannot observe patients face-to-face, leading to a lack of physical examination and verbal communication[25]. Therefore, we need to explain that the WeChat platform, as a new internet tool, will become a useful assistant for clinical follow-up in China rather than a replacement for outpatient follow-up. We can obtain continuous information through dynamic monitoring via internet devices, and such information is valuable for clinical follow-up. Additionally, in response to any vague or suspicious information, patients can be recalled to the hospital for clinical or medical inspections to avoid a misdiagnosis or a missed diagnosis.

  Limitations

  There are some limitations in this study. First, our research participants were children, and they did not have enough understanding of the disease and the doctors’ orders, so they needed the help of their family members for clinical follow-up or communication, which might have caused deviation and uncertainty in the results. Second, the sample size of the study was limited, and the follow-up time was short. Future research will need to confirm these conclusions in a larger cohort with longer follow-up periods and further investigate whether the WeChat follow-up model will lead to improved clinical results and whether it can reduce the burden of doctors.

   

  CONCLUSION

  A midterm clinical follow-up for patients who underwent transthoracic device closure for a VSD through the WeChat platform can effectively reduce the time and financial burden among patients’ families and improve both medication adherence and satisfaction. This method is worthy of clinical promotion.
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    ABSTRACT

    INTRODUCTION: Drug-eluting stents (DES) coated with rapamycin or paclitaxel as antiproliferative substances significantly reduced the incidence of clinical restenosis and had fewer side effects after percutaneous coronary intervention. However, DES coated with rapamycin or paclitaxel still cause restenosis due to abnormal tissue growth which remained a therapeutic problem, particularly in certain subgroups, possibly due to drug concentrations. This study examined the impact of different concentrations of rapamycin and paclitaxel on cytokine, cell viability and proliferation in human aortic smooth muscle cells (HASMC)-derived foam cells.

    METHODS: The foam cell model was established in vitro by incubating HASMC with 20 µg/mL oxidized low-density lipoprotein (ox-LDL) for 48 hours. Subsequently, foam cells were treated with different concentrations (0.01 µg/mL, 0.1 µg/mL, 0.5 µg/mL, 1 µg/mL, 5 µg/mL and 10 µg/mL) of rapamycin or paclitaxel for 48 hours, to measure cytokine, cell viability and proliferation by ELISA and MTT, respectively. Finally, viability and proliferation were measured by MTT after the foam cells were treated with 1 µg/mL rapamycin or paclitaxel combined with cytokine antibody for 48 hours.

    RESULTS: After incubation of HASMC with ox-LDL, the ratios of cholesterol ester and total cholesterol increased significantly (55.29%) (P<0.01). Lipid staining with Oil Red O showed many lipid vacuoles and red dye particles in the cells. Meanwhile, cell viability and proliferation significantly increased compared with the control. This indicated that HASMC had been transformed into foam cells (P<0.01) while rapamycin or paclitaxel concentrations ≥0.1 µg/mL can significantly decrease the foam cell proliferation (P<0.05 or P<0.01), and 1 µg/mL of rapamycin or paclitaxel appeared the most effective concentration. As for cytokines, rapamycin or paclitaxel concentrations ≥1 ug/mL could significantly increase the level of inflammatory cytokines IL-6 (P<0.05 or P<0.01), which was enhanced with the increase of drug concentration. However, rapamycin or paclitaxel concentrations ≥1 µg/mL could significantly reduce the levels of anti-inflammatory cytokines IL-35 and transforming growth factor beta (TGF-β) (P<0.05 or P<0.01), which decreased with the increase of drug concentration. In addition, rapamycin or paclitaxel combined with anti-IL-1β, anti-IL-6, anti- TNF-α or anti-IL-35 had no significant effect on foam cell proliferation compared to the drug alone. However, rapamycin or paclitaxel combined with anti-IL-10 or anti-TGF-β can significantly enhance foam cell proliferation (P<0.01). In addition, there was no difference in the effects of the same concentrations of rapamycin and paclitaxel on foam cells.

    CONCLUSION: Although rapamycin or paclitaxel can reduce foam cell proliferation, too high or too low concentrations could decrease effectiveness. In particular, a high dose can induce foam cells to increase inflammatory cytokines secretion, reduce anti-inflammatory cytokines secretion, and thus affect the inhibiting proliferation. For rapamycin- and paclitaxel-eluting stents, this conclusion may explain the clinical observation of in-stent restenosis after percutaneous coronary intervention. DES coated with an appropriate concentration of rapamycin or paclitaxel may, at least to some extent, contribute significantly to reducing incidence of late in-stent restenosis.

    Keywords: Foam Cells. Drug-Eluting Stents. Sirolimus. Paclitaxel; Cytokines. Coronary Restenosis. Transforming Growth Factor beta. Anti-Inflammatory Agents. Percutaneous Coronary Intervention. Myocytes; Smooth Muscle. 
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  INTRODUCTION

  Intimal hyperplasia after stent placement and the resultant restenosis remain problematic despite numerous improvements in stent technology and placement technique [1-5]. In the last decade, drug-eluting stents (DES) coated with antiproliferative agents have been the focus of considerable research due to their potential to eliminate restenosis [6,7]. DES coated with rapamycin or paclitaxel as antiproliferative substances significantly reduced the incidence of clinical restenosis and had fewer side effects [8,9]. However, DES coated with rapamycin or paclitaxel may lead to restenosis due to abnormal tissue growth, which remains a therapeutic problem, particularly in certain subgroups, possibly due to insufficient local drug concentrations [10-12]. In general, DES contains a fixed amount of rapamycin or paclitaxel per unit of metal surface area (about 140 mg per cm2) [13,14]. Meanwhile, after treated with DES coated with rapamycin or paclitaxel, the in-stent restenosis rate is 37% and 21%, respectively [3,15,16].

  Rapamycin inhibits smooth muscle cell (SMC) proliferation and migration by inhibiting the mammalian target of rapamycin (mTOR). This will lead to a cell cycle arrest at the point from G1 to the S phase [17]. Paclitaxel reduces the availability of tubulin, essential for mitosis, via stabilizing microtubules [18], thereby preventing migration and causing a cell cycle arrest at the GO/G1 or G2/M transition [18,19]. Delivering medication directly to the vascular injury site via polymer-coated stents seems a rational approach to achieve adequate local drug delivery. In addition, the increased risk of late stent thrombosis is a major concern after DES implantation [20-23].

  In this study, we determined the effects of different concentrations of rapamycin and paclitaxel on inflammatory cytokine, cell viability and proliferation in human aortic smooth muscle cells (HASMC)-derived foam cells. To further evaluate such effectiveness, an additional study of activation and proliferation of foam cells via rapamycin or paclitaxel combined with cytokine antibody was conducted.

   

  METHODS

  Culture of HASMC

  The HASMC line purchased from China Shanghai 3Bio Biotechnology Co. , Ltd was cultured in DMEM/F12 medium (Gibco, Grand Island, USA) supplemented with 10% fetal bovine serum (FBS) (Gibco, Grand Island, USA) and 1% penicillin-streptomycin (Gibco, Grand Island, USA). Cells were maintained in 5% CO2 at 37 oC in a humidified incubator.

  Preparation and Culture of HASMC-Derived Foam Cells 

  Human aortic smooth muscle cells line in T25 flask were washed and dissociated, and subsequently placed into a 6-well plate (6×106 cells/well). When cell proliferation was at approximately 50%, the culture medium was discarded, and the cell monolayers were washed twice with phosphate-buffered saline (PBS). Then, the cells were added with 3 mL of culture medium containing 20 µg/mL of human lipoprotein oxidized-low density (ox-LDL), and then incubated at 37 oC with 5% CO2 for 48 hours. Culture medium without ox-LDL was used as a control.

  Staining of HASMC-Derived Foam Cells

  When HASMC growth was at about 80%, they were seeded in coverslips in 6-well plates, and then incubated for 48 hours in 2 mL DMEM/F12 medium containing 20 µg/mL of ox-LDL. Thereafter, the media were aspirated, and the cells were rinsed in PBS followed by formalin fixation for 10 minutes. Then, the cells were rinsed once again with PBS (1 min) and 60% isopropanol (15 s). This was followed by staining of cells with Oil Red O solution 0.5% for 15 minutes at room temperature; cells were destained with 60% isopropanol for 15 seconds followed by PBS washing. Nuclei were stained with Harris hematoxylin and coverslips were mounted on glycerin jelly. Images were obtained using an Olympus BX40 microscope at 4× magnification.

  Quantification of Cholesterol Uptake of HASMC-Derived Foam Cells

  Total cholesterol and free cholesterol content were analyzed using the Total Cholesterol Assay Kit and the Free Cholesterol Assay Kit (Applygen, Beijing, China), according to the manufacturer’s instructions. Total cholesterol consists of free cholesterol and cholesterol ester, so cholesterol ester content is equal to the total cholesterol content minus the free cholesterol content.

  Proliferation of HASMC-Derived Foam Cells

  Primary HASMC cultures were plated (8×104 cells/well) in 96-well tissue culture plates in 2 mL DMEM/F12 medium containing 20 µg/mL of ox-LDL. After incubation for 48 hours, 20 µL of 0.5 mg/L MTT solution were added to each well, and it was maintained in 5% CO2 at 37 oC for 4 hours in a humidified incubator. Thereafter, the culture supernatant was removed, 150 µL of DMSO were added to each well, and it was shaken in a shaker at 37 oC for 10 minutes. The OD value of each well was measured at 490 nm after the crystallization was dissolved.

  Treatment of HASMC-Derived Foam Cells with Rapamycin or Paclitaxel

  HASMC-derived foam cells were treated with different concentrations (0.01 µg/mL, 0.1 µg/mL, 0.5 µg/mL, 1 µg/mL, 5 µg/mL and 10 µg/mL) of rapamycin or paclitaxel for 48 hours for cytokine and proliferation analysis.

  Quantification of Cytokines

  After the media were collected and centrifuged, the released levels of cytokines (IL-1β, IL-6, TNF-α, IL-10, IL-35 and TGF-β) were determined with commercial ELISA kits (Applygen, Beijing, China), according to the manufacturer’s protocols. In general, cytokine antibody-coated plates were cultured with 5-fold dilutions of sample at 37 oC for 30 minutes. The plates were washed and then incubated for 30 minutes with horseradish peroxidase-conjugated cytokine antibody. The plates were then washed, treated with tetramethylbenzidine, and incubated for 15 minutes. Finally, sulfuric acid was added to end the reaction. The absorbance was then examined at 450 nm UV with a microplate reader (Potenov, Beijing, China) and the inflammatory cytokine concentration was calculated based on the standard curve.

  Treatment of HASMC-Derived Foam Cells with Rapamycin or Paclitaxel Combined with Cytokine Antibody

  HASMC-derived foam cells were treated with 1 µg/mL of rapamycin or paclitaxel combined with anti-IL-1β (1:500), anti-IL-6 (1:2500), anti-TNF-α (1:500), anti-IL-10 (1:50000), anti-IL-35 (1:300) or anti-TGF-β (1:300) for 48 hours for proliferation analysis (Abcam, Cambridge, UK).

  Statistical Analysis

  A statistical comparison of the data was carried out using the two-way analysis of variance (two-way ANOVA) and P<0.05 was considered significant. The results were expressed as mean±SD. The analysis was performed with the SPSS software.

   

  RESULTS

  Foam Cell Transformation of Smooth Muscle Cells Induced by Ox-LDL

  After incubation of human smooth muscle cells (SMC) with 20 µg/mL of ox-LDL for 48 hours, lipid staining with Oil Red O became positive, meanwhile there were many lipid vacuoles and many red lipid drops in the cells (Figure 1B). This indicates that the SMC of the aorta have been transformed into foam cells. Detectable foam cell transformation did not occur in the control (Figure 1A).
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  Measuring the amount of cholesteryl ester and total cholesterol confirmed the cellular accumulation of sterol, which increased significantly after 48 hours of incubation with ox-LDL, compared with the control (Figure 2A and B) (P<0.01). Meanwhile, the ratios of cholesterol ester and total cholesterol also increased significantly in the ox-LDL-induced human SMC (55.29%) compared with the control (12.70%) (Figure 2C) (P<0.01).
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  In addition, the effects of ox-LDL on SMC proliferation were examined after 48 hours of co-culturing. Compared with the control, ox-LDL significantly increased SMC proliferation (Figure 2D) (P<0.01).

  In conclusion, all these results suggested that foam cell transformation of SMC was induced after 48 hours of incubation with 20 µg/mL of ox-LDL.

  Treatment of HASMC-Derived Foam Cells with Rapamycin or Paclitaxel

  To assess the impact of different concentrations of rapamycin or paclitaxel administration on HASMC-derived foam cells, inflammatory and anti-inflammatory cytokines were first analyzed by ELISA after 48 hours after treatment.

  As for inflammatory cytokines, the treatment of HASMC-derived foam cells with rapamycin or paclitaxel had no significant effect on IL-1β and TNF-α levels (Figure 3A and B), whereas the treatment significantly increased the IL-6 level at concentrations of 1 ug/mL, 5 ug/mL and 10 ug/mL (Figure 3C) (P<0.05 or P<0.01).
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  As for anti-inflammatory cytokines, the treatment of HASMC-derived foam cells with rapamycin or paclitaxel had no significant effect on the levels of IL-10 (Figure 3D), while it significantly decreased IL-35 and the levels of transforming growth factor beta (TGF-β) at concentrations of 1 ug/mL, 5 ug/mL and 10 ug/mL (Figure 3E and F) (P<0.05 or P<0.01). To determine the influence of rapamycin and paclitaxel on the foam cell proliferation, MTT experiments were performed. Proliferation was found to be significantly reduced after 48 hours after treatment of SMC with rapamycin or paclitaxel at concentrations of 0.1 ug/mL, 0.5 ug/mL, 1 ug/mL, 5 ug/mL and 10 ug/mL, compared to untreated cells (Figure 3G) (P<0.05 or P<0.01). Meanwhile, the lowest proliferation rate was observed in the treatment of SMC with rapamycin or paclitaxel at a concentration of 1 ug/mL (Figure 3G).

  Effect of Treatment with Rapamycin or Paclitaxel Combined with Cytokine Antibody on Foam Cell Proliferation

  To demonstrate the hypothesis that rapamycin or paclitaxel affected the foam cell proliferation by affecting cytokines, the foam cells were treated with rapamycin or paclitaxel combined with cytokine antibody for 48 hours. The proliferation showed no significant difference in the foam cells treated with rapamycin or paclitaxel combined with anti-IL-1β, anti-IL-6, anti-TNF-α or anti-IL-35 compared with the control (Figure 4). However, the proliferation was significantly enhanced in foam cells treated with rapamycin or paclitaxel combined with anti-IL-10 or anti-TGF-β (Figure 4) (P<0.01).
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  DISCUSSION

  The HASMC-derived foam cell proliferation plays a key role in the pathogenesis of atherosclerosis. A large number of studies suggested that the insudation of LDL in HASMC can invoke foam cell transformation [24,25]. Meanwhile, ox-LDL is known to accumulate in HASMC to transform foam cells in vitro [26-28]. In our study, foam cell model was established in vitro by incubating HASMC with 20 µg/mL of ox-LDL for 48 hours.

  To study the effect of rapamycin or paclitaxel on foam cell proliferation, the foam cells were subsequently treated with different concentrations (0.01-10 ug/mL) of rapamycin or paclitaxel for 48 hours. It was found that rapamycin or paclitaxel could reduce foam cell proliferation.

  Although concentrations of rapamycin or paclitaxel ≥0.1 µg/mL could significantly decrease foam cell proliferation, the proliferation was the lowest after treatment of foam cells with 1 ug/mL of rapamycin or paclitaxel. Some studies demonstrated that DES coated with rapamycin or paclitaxel could still cause in-stent restenosis after percutaneous coronary intervention [8,9,29,30]. Meanwhile, our study supported the hypothesis that such restenosis was induced by insufficient local drug concentrations, which was also speculated by other researchers [29,30]. In addition, we found that drug concentrations ≥1 µg/mL resulted in decreased therapeutic efficacy.

  Some studies showed that cytokines secreted by foam cells can induce abnormal proliferation [31-34]. Thus, our study also investigated the effect of rapamycin or paclitaxel on cytokine secretion of foam cells. Rapamycin or paclitaxel concentrations ≥1 µg/mL could significantly increase the level of inflammatory cytokines IL-6, meanwhile the higher the drug concentration, the higher the level of IL-6. However, rapamycin or paclitaxel concentrations ≥1 µg/mL can significantly reduce the levels of anti-inflammatory cytokines IL-35 and TGF-β, and the higher the drug concentration, the lower the levels of IL-35 and TGF-β. Considering the above results, it was speculated that the drug in high doses could induce foam cells to secrete cytokines, which thereby decreases the effect of inhibiting proliferation.

  To verify the validity of the hypothesis, the study investigated the effect of treatment with rapamycin or paclitaxel combined with cytokine antibody on foam cell proliferation. It was found that the proliferation was significantly enhanced in the foam cells treated with rapamycin or paclitaxel combined with anti-IL-10 or anti-TGF-β, which demonstrated that the hypothesis was correct.

  As for rapamycin and paclitaxel-eluting stents, this may explain the clinical observation of in-stent restenosis after percutaneous coronary intervention [35].

   

  CONCLUSION

  DES coated with an appropriate concentration of rapamycin or paclitaxel may, at least to some extent, contribute significantly to reducing the incidence of late in-stent restenosis.
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    ABSTRACT

    INTRODUCTION: This study examines early- and long-term outcomes of mitral valve repairs in a low-volume cardiac surgery centre in the Caribbean.

    METHODS: Ninety-six consecutive patients underwent mitral valve repair from April 2009 to December 2018. Patients were divided into two groups: functional mitral regurgitation requiring simple mitral annuloplasty (FMR, n=63) or structural degenerative mitral regurgitation requiring more complex repair (DMR, n=33). Data collected prospectively were retrospectively analysed from the unit-maintained cardiac surgery database.

    RESULTS: Thirty-day mortality in the whole series was 2.1%, with 3% in the FMR group and 0% in the DMR group. Early post-operative echocardiography in the FMR group demonstrated 51 patients (83.6%) without mitral regurgitation, 8 patients (13.1%) with trivial to mild regurgitation, and 2 patients (3.3%) with moderate regurgitation. However, at a mean follow-up of 98.2±50.8, only 21 patients (42.8%) were in NYHA class I, with 7 (14.2%) in class II, 16 (32.6%) in class III, and 5 (10.2%) in class IV. There were 9 cardiac-related deaths at final follow-up, with freedom from re-operation and survival of 98% and 75.6%, respectively. In the DMR group, early post-operative echocardiography demonstrated 29 patients (87.9%) without mitral regurgitation, 3 patients (9.1%) with trivial regurgitation and 1 patient (3.0%) with mild regurgitation. At a mean follow-up of 114.1±25.4 months, there was a good functional post-operative status in this group with 93.3% in NYHA class I, and 6.7% in class II. No patient required reintervention, 96.3% of patients had mild or no mitral regurgitation and survival was 90.9%.

    CONCLUSION: Despite challenges of maintaining skills in a low-volume centre, mitral valve repair can be performed safely with good early- and long-term results.

    Keywords: Mitral Valve Insufficiency; Mitral Valve Annuloplasty; Data Management; Reoperation; Echocardiography; Caribbean Region. 
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  INTRODUCTION

  Mitral valve repair is the gold standard for the treatment of isolated severe mitral regurgitation secondary to degenerative mitral valve disease [1]. Its superiority, by comparison with mitral valve replacement, has been demonstrated by many groups and is currently recommended by both US and European guidelines [1,2]. However, the evolution of mitral valve repair has seen challenges and mastering the techniques requires a significant learning curve.

  In recent years, US and European guidelines have described centres of excellence in mitral valve surgery as centres with high repair rates, low operative mortality, and a record of durable results. However, there is a paucity of literature on operative outcomes in low-volume centres. This warrants attention in the Caribbean as there are no high-volume mitral valve centres.

  The goal of our study, therefore, was to evaluate early- and long-term mitral valve repair results in functional and degenerative groups over a 10-year period at a low-volume centre in Trinidad and Tobago.

   

  METHODS

  Patients and Study Protocol

  From April 2009 to December 2018, 110 patients were scheduled for mitral valve repair at Caribbean Heart Care Medcorp Ltd, St. Clair, Trinidad and Tobago. After receiving approval from the institutional ethics committee, we reviewed prospectively entered data from the unit maintained cardiac surgery database of consecutive patients. In addition, all operative notes and discharge summaries were reviewed to cross-reference the database, input data that were missing from the database, and to collect supplementary surgical procedural data. Of the 110 patients in whom mitral valve repair had been planned, the repair was successful in 96 patients (87%). In 14 patients, mitral valve replacement was carried out, and these patients were not included in the study protocol.

  Operative Techniques and Follow-Up

  Decisions to repair were made intra-operatively following transoesophageal echocardiogram and exploration and inspection of the mitral valve. Three patients elected for right antero-lateral thoracotomy and the remaining 93 patients were operated through a median sternotomy.

  Operations were performed under cardio-pulmonary bypass at 34 ºC and cold blood cardioplegic arrest. In the DMR group, correction of prolapsed leaflets was initially accomplished by using techniques described by Carpentier (mainly leaflet resection with sliding or folding annuloplasty), and, more recently, by chordal plication and supporting annuloplasty ring. Concomitant cardiac procedures were also performed as required (Table 1). Repair in the FMR group was performed using an annuloplasty ring only (Table 2). Most commonly used, the open Braile rigid ring (Braile Biomédica, São Paulo, Brazil) was modified by re-shaping it to adapt to the mitral valve annulus anatomy. Occasional annuloplasty ring options included the St. Jude Medical mitral annuloplasty ring (Minnesota, USA) and Dacron rings made from Dacron tube grafts (Terumo Corporation, Tokyo, Japan) [3]. All patients received aspirin postoperatively. Intraoperative transoesophageal echo was performed before and after the procedure in all patients.
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  Echocardiographic follow-up was obtained only for the complex repair DMR group. Severity of regurgitation was assessed semi-quantitatively on a scale from 0 to 4 by Doppler echocardiography where 0: none; 1: trivial-to-mild, 2: moderate; 3: moderate-to-severe; and 4: severe. Grading of mitral regurgitation was based on jet area, vena contracta width, left atrial size, pulmonary venous flow, mitral valve morphology, regurgitant volume and effective regurgitant orifice area [4,5]. Follow-up vital status was obtained from phone interviews, hospital clinical data and death certificates were consulted for attribution of cause of death. These included: post-operative re-operation, atrial fibrillation, myocardial infarction, thromboembolism, re-hospitalization, and pacemaker insertion.

  Statistical Analysis

  Data were expressed as mean±SD, and categorical variables were reported as numbers and percentages. The main end points of interest were 30-day mortality, recurrence of moderate/severe mitral regurgitation, reoperation rates, and overall survival. Survival and freedom from recurrent moderate/severe regurgitation were assessed by the Kaplan-Meier method. Patients that did not reach the end point were censored at the end of study period.

   

  RESULTS

  Functional Mitral Regurgitation (FMR)

  Forty-four patients (69.8%) were male, with an average age of 58.7±7.5 years. Thirty-five (55.6%) had diabetes and 40 (63.5%) had hypertension. Mean preoperative left ventricular ejection fraction (LVEF) was 39.4% (range 20%-65%). All 63 patients with FMR underwent simple mitral valve annuloplasty using a modified Braile rigid ring (92.1%) plus concomitant procedure as required (i.e. , CABG, tricuspid valve repair) (Table 1). There were two in-hospital deaths.

  Early post-operative echocardiography demonstrated: 51 patients (83.6%) had no mitral regurgitation, 8 (13.1%) had trivial to mild regurgitation, and 2 (3.3%) had moderate regurgitation. Follow-up at a mean of 98.2±50.8 months was 92% complete (5 patients were lost to follow-up). Patients in this group, as expected because of the pathology, showed moderate improvement: 21 patients (42.8%) were in NYHA class I, with 7 (14.2%) in class II, 16 (32.6%) in class III, and 5 (10.2%) in class IV. There were 9 cardiac-related deaths in the last follow-up (Figure 1). One patient required a mitral valve replacement after 1 year (1.6%). Freedom from re-operation in the surviving patients was 98%.
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  Degenerative Mitral Regurgitation (DMR)

  Twenty-two patients (66.7%) were male, with an average age of 53.6±14.7 years. Eight patients (24.2%) had diabetes and 10 (31.3%) had hypertension. Mean preoperative left ventricular ejection fraction (LVEF) was 61.9% (Table 1). Quadrangular resection of posterior leaflet with placement of an annuloplasty ring (Braile) was used in most patients, 20 (60.6%), 4 patients (12.1%) had posterior leaflet repair without resection, and 3 patients (9.1%) had anterior leaflet pathology (Table 2).

  Early post-operative echocardiography demonstrated: 29 patients (87.9%) had no mitral regurgitation, 3 (9.1%) had trivial regurgitation and 1 (3.0%) had mild regurgitation.

  There were 3 cardiac-related deaths in the last follow-up (114.1±25.4 months, Figure 1). Of the 33 repairs, 28 patients (93.3%) were in NYHA class I, and 2 (6.7%) in NYHA class II. Ten patients (37%) had no mitral regurgitation, 16 had mild (59.3%) regurgitation, and 1 had moderate (3.7%) regurgitation. Three patients were either unable to or refused follow-up echocardiography (9.1%). No patient in the series required reintervention.

  Cumulative survival probability at 10 years was 81% in the whole series with 90.9% in the DMR group and 75.6% in the FMR group (Figure 1).

   

  DISCUSSION

  Mitral valve repair is widely accepted by both European and US guidelines as the preferred treatment for primary mitral regurgitation [1,2]. The MIDA (Mitral Regurgitation International Database) investigators in 2008 concluded that, among patients with degenerative mitral regurgitation with a flail leaflet, valve repair was associated with lower operative mortality, better long-term survival and fewer valve-related complications compared with mitral valve replacement [6]. Since then, the concept of centres of excellence have evolved to set the standards for mitral valve repair. These criteria include high mitral valve repair volume, appropriate peri-procedural imaging capabilities and willingness to provide data regarding expected outcomes based on the centre’s recent experience, including repair, mortality and stroke rates, and repair durability [7,8].

  In our series, the results of mitral valve repair in patients who underwent either simple annuloplasty for functional mitral incompetence or complex repair in degenerative mitral valve incompetence were similar to those reported for high-volume centres of excellence. We observed no operative mortality, defined at 30 days following complex repairs in keeping with the accepted norm of repair [9-11]. Simple repairs achieved a 3% operative mortality, also in line with the norm of those with ischemic functional mitral regurgitation [12,13]. At follow-up of the degenerative complex repair functional status, freedom from reoperation and survival were also in line with previous reports of large, multi-centre registries [9,12,14,15].

  Maintaining the required skills for mitral valve repair is considered difficult for a surgeon who performs on average fewer than 10 procedures a year [16-18]. This makes it rather challenging in the developing world where low-volume surgery is often the norm.

  Guidelines have moved toward earlier intervention for patients with asymptomatic severe mitral regurgitation only if surgery can be safely performed by an experienced team at a reference centre with a high likelihood of a durable repair. Achieving a durable, long-lasting mitral valve repair is therefore essential. In our series, we were able to achieve repair results like those reported by large institutions, despite being a ‘low-volume’ centre-defined as less than 25 mitral valve repairs per year. It is important to emphasise that these results were obtained by a single surgeon (GT) operating in a single experienced hospital. We further attribute these results to the establishment of a cardiac surgery program [19], with a dedicated multi-disciplinary team, including cardiology and critical care personnel optimally equipped to evaluate and manage these patients.

  In the Caribbean, trends of mitral valve repair remain unknown. In the wider world, many have accepted procedural volume as a proxy for quality [20]. In a large, multicentre analysis by Chikwe et al. [21], it was found that individual surgeons’ mitral valve case volume has a significant impact on early- and long- term patients’ outcomes after mitral valve surgery. However, it is scarcely reported in the literature if centres with low-volume and a skilled surgeon could consistently reproduce these results. Furthermore, it is important to keep in mind that having surgery performed at a hospital conveniently located within the region is only beneficial if the outcomes are not inferior. Our data reflects the experience at a single institution and thus may not necessarily be generalisable. Nevertheless, our data demonstrates feasibility of performing complex mitral valve operations in the Caribbean. We believe that this will give reassurance to patients to undergo the procedure in their home country rather than travel to a foreign centre for expensive treatment.

   

  CONCLUSION

  In conclusion, despite challenges in maintaining skills in a low-volume centre, valve repair for functional or degenerative mitral valve disease can be performed safely, with good early and long-term results.
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    ABSTRACT

    INTRODUCTION: Coronary artery disease (CAD) is an ischemic condition that occurs as a result of partial or complete interruption of blood flow by narrowing or complete blockage of the vessels supplying the heart, which are called coronary arteries. Our objective in this study is to investigate the RhoA/Rho-associated kinase (ROCK)-1 signaling pathway and oxidative stress in CAD patients.

    METHODS: A total of 81 individuals aged between 40-70 years - including 45 patients (15 females and 30 males) who were admitted to the Artvin State Hospital Cardiovascular Surgery Clinic and were diagnosed with CAD and 36 healthy volunteers (15 females and 21 males) - participated in this study. Serum samples were tested for total cholesterol, triglyceride, low-density lipoprotein, high-density lipoprotein, malondialdehyde (MDA), superoxide dismutase (SOD), RhoA, and ROCK-1 values.

    RESULTS: Serum RhoA, MDA levels, and ROCK-1 activity in the CAD group were found to be statistically significantly higher than in the control group (P<0.001). Concordantly, serum SOD activity was found to be statistically significantly lower in the CAD group than in the control group (P<0.001).

    CONCLUSION: Inhibition of the activity of RhoA/ROCK-1 pathway would be beneficial in treating cardiovascular diseases since this pathway plays an important role in the development of these diseases.

    Keywords: Coronary Artery Disease; Malondialdehyde; RHOA protein, human; Rho-Associated Kinases; Oxidative Stress; Superoxide Dismutase; Signal Transduction.
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  INTRODUCTION

  Coronary artery disease (CAD) is an ischemic condition that occurs as a result of partial or complete interruption of blood flow by narrowing or complete blockage of the vessels supplying the heart, which are called coronary arteries[1]. As the leading cause of deaths, CAD is responsible for approximately 48% of deaths in the world population. About 17.3 million people died due to heart attack in 2008, and the World Health Organization predicted that around 23.6 million people will die from cardiovascular disease by 2030[2]. Although atherosclerosis is the primary factor causing CAD, many other reasons such as coronary vasospasm, coronary artery embolism, coronary artery anomalies, vasculitis, rheumatic diseases, and trauma can also lead to CAD[3]. Atherosclerosis is a chronic inflammatory disease characterized by the formation of fibrous-fatty plaques called “atheroma” in the intimal layers of the medium and large arteries[4].

  Epidemiological studies have clearly determined today the relationship between the risk of developing CAD and total cholesterol (TC), triglyceride (TG), low-density lipoprotein (LDL), and high-density lipoprotein (HDL) levels. HDL level was shown to be inversely associated with the risk of developing CAD, because cholesterol is carried mostly by HDL. Therefore, an increase in HDL level is correlated with a decrease in CAD risk. Thus, a close relationship was determined between HDL metabolism, reverse cholesterol transport, and atherogenesis, and the course of CAD can change according to how these three different processes function. The inverse relationship between HDL and the formation of atherosclerosis is partially due to factors other than cholesterol transport[5].

  RhoA is a small, guanosine-5’-triphosphate binding protein, bound to the plasma membrane. It is known that Rho regulates the Ca+2 sensitivity of vascular smooth muscle cells (VSMCs) by inhibiting myosin phosphatase activity[6]. The enzyme called Rho-associated kinase (ROCK) is one of the key targets of Rho proteins in the regulation of cytoskeletal changes. ROCKs are the principal mediators of RhoA activity. ROCK is a serine/threonine protein kinase with a molecular weight of about 160 kDa. There are two isoforms of the Rho-kinase enzyme, ROCK-1 and ROCK-2. Both enzymes are expressed in all cells[7]. The RhoA/ROCK signaling pathway is shown to have important functions on vascular physiology and cardiovascular disorders. Although it is recognized as the major regulator of cell contraction, the ROCK enzyme is also known to control migration, proliferation, cell apoptosis, and gene transcription and differentiation. Therefore, ROCK activation appears to be a key factor in initiating the angiogenic process through increased endothelial permeability and migration[8,9]. The RhoA/ROCK-1 signaling pathway is known to be associated with several pathological conditions including hypertension, atherosclerosis, stroke ischemia-reperfusion injury, and heart failure[10,11].

  Oxidative stress has an important role in the initiation and progression of CAD. And oxidative stress occurs as a result of excessive free oxygen radical production and inadequate antioxidant defense against oxidant radicals[12]. Oxidative and antioxidative parameters play an important role in the pathophysiology of atherosclerosis and atherosclerosis-induced CAD. Malondialdehyde (MDA) is one of the important parameters of lipid peroxidation. Oxidative stress increases in correlation with the increase in MDA levels in the development of CAD[13]. Oxidative stress can increase reactive oxygen species (ROS) reducing the formation of antioxidant defenses. The reduction of activity of antioxidant enzymes such as superoxide dismutase (SOD) facilitates the oxidative aggression to the cells, especially in subjects with CAD[14]. Some authors have demonstrated that in the early stages of CAD, SOD level increased to protect and prevent lipid peroxidation whereas they decreased significantly with the worsening of the disease[15].

  The RhoA/ROCK-1 pathway plays an important role in various cellular events involved in the pathogenesis of cardiovascular diseases as well as in the development of the effects of many vasoactive substances. Our objective in this study is to investigate the RhoA/ROCK-1 signaling pathway and oxidative stress in CAD patients.

   

  METHODS

  Ethical approval for the study was obtained from the Ethics Committee of Non-Invasive Clinical Research, Faculty of Medicine of Uşak University, in the session with date 12.12.2018 and number 2018/16, and written consent was obtained from the provincial health directorate of Artvin. The study was conducted in accordance with the guidelines proposed in the Declaration of Helsinki and was approved by the local ethics committee. Written informed consent was obtained from all patients. A total of 81 individuals aged between 40-70 years - including 45 patients (15 females and 30 males) who were admitted to the Artvin State Hospital Cardiovascular Surgery Clinic and were diagnosed with CAD and 36 healthy volunteers (15 females and 21 males) - participated in this study. The volunteers were questioned about atherosclerosis risk factors such as hypertension, diabetes, heart disease, family history of early myocardial infarction, and smoking, and those who meet these criteria were eliminated; ultimately, 36 individuals were included. However, chronic renal failure, chronic liver disease, thyroid diseases, an active infection, cancer history, and chronic inflammatory disease history were determined as exclusion criteria for both groups. All the participants were non-smokers and non-drinkers.

  Blood Sample Collection and Storage

  Venous blood samples were taken after 10-12 hours of fasting into tubes with no anticoagulants for biochemical tests. These samples were centrifuged at 4000 rpm for 10 minutes after coagulation was completed to obtain serum samples. After centrifugation, serum samples were tested for TC, TG, LDL, and HDL values. After the required immediate routine tests, the remaining serum samples were stored at -80 ºC until testing for MDA, SOD, RhoA, and ROCK-1.

  Test Protocol of RhoA and ROCK-1 Enzyme-linked Immunosorbent Assay (ELISA) Kits

  RhoA and ROCK levels of the study groups were measured by the ELISA method, using ELISA test kits (MyBioSource, Inc. , San Diego, California, United States of America). The ELISA method is based on investigating activity of the enzyme linked to the antibody, on the basis of antigen-antibody relationship. The principle is based on showing the antigen-antibody complex formed as a result of the reaction between the antigen or antibody labeled and the enzyme and free antigen or antibody, in the presence of an enzyme-specific substrate. RhoA results are presented in pg/ml. ROCK-1 results are presented in ng/ml.

  Measurement of Superoxide Dismutase Enzyme Activity

  SOD enzyme activity was measured using the method developed by Sun et al. [16] In the measurement of serum SOD activity, a color is formed when the superoxide radical produced by the xanthine-xanthine oxidase system reduces the nitroblue tetrazolium (NBT). The resulting color change, that is the reduction of NBT by superoxide radical, ends with the formation of blue colored formazan, giving the maximal absorbance, and the change is determined by spectrophotometer at 560 nm. The results are presented in U/ml.

  Measurement of Malondialdehyde Levels

  MDA levels were measured using the method developed by Ohkawa et al. [17] The principle of the test is based on measuring the intensity of the pink-red color spectrophotometrically at 532 nm wavelength; where the color was displayed by the compound formed by MDA with thiobarbituric acid in hot environment, and MDA is one of the end products produced in the peroxidation of polyunsaturated fatty acids (PUFAs). The results are presented in nmol/ml.

  Statistical Analysis

  Statistical analyses were performed using the IBM Corp. Released 2013, IBM SPSS Statistics for Windows, Version 22.0, Armonk, NY: IBM Corp. Numerical data were given as mean ± standard deviation. Kolmogorov-Smirnov test was used for normal distribution of data. One-way analysis of variance and independent sample t-test were used for comparing more than two variables. For intragroup significance, Tukey’s least significance difference test was used for variables with homogenous variances, and Mann-Whitney U test for non-homogeneous variables. For the correlation analysis of the data, Pearson’s correlation analysis was performed for the data with normal distribution, and Spearman’s correlation analysis for the data with non-normal distribution. P<0.05 was determined as the threshold for statistical significance.

   

  RESULTS

  Forty-five patients with CAD were included in our study (mean age 58.07± 6.51 years; 30 males and 15 females). Thirty-six healthy volunteers were included in the control group (mean age 56,75± 8,27 years; 21 males and 15 females).

  The demographic and clinical characteristics of the CAD group and the healthy control group are shown in Table 1. There was no statistical difference between the groups in terms of age and body weight (P>0.05). TC, TG, and LDL levels were found to be statistically significantly higher in the CAD group than in the control group (P<0.001). However, serum HDL levels were statistically significantly lower in the CAD group than in the control group (P<0.001). In our study, serum RhoA levels in the CAD group were found to be statistically significantly higher than in the control group (P<0.001) (Figure 1). Concordantly, serum ROCK activity was found to be statistically significantly higher in the CAD group than in the control group (P<0.001) (Figure 2). Serum MDA levels are shown in Figure 3. According to these findings, MDA levels were found to be statistically significantly higher in the CAD group than in the control group (P<0.001). Serum activity of SOD, one of the antioxidant enzymes, is shown in Figure 4. Serum SOD activity was found to be statistically significantly lower in the CAD group than in the control group (P<0.001).
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  Correlation analysis results of our study data are presented in Table 2. Statistical evaluation of our data displayed a significant positive correlation between RhoA and ROCK-1 (r=0.550, P<0.001) and between RhoA and MDA (r=0.587, P<0.001), and a significant negative correlation between RhoA and SOD (r=-0.575, P<0.001). A significant positive correlation was observed between ROCK-1 and MDA (r=0.728, P<0.001) and between ROCK-1 and LDL (r=0.603, P<0.001); and a significant negative correlation (r=-0.717, P<0.001) was observed between ROCK-1 and SOD.
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  A significant positive correlation was found between MDA and TG (r=0.721, P<0.001) and between MDA and LDL (r=0.524, P<0.001). A significant negative correlation was observed between MDA and SOD (r=-0.656, P<0.001) and between MDA and HDL (r=-0.608, P<0.001).

  SOD and HDL displayed a significant positive correlation (r=0.538, P<0.001). And finally, a significant negative correlation was determined between SOD and TG (r=-0.658, P<0.001) and between SOD and LDL (r=-0.514, P<0.001).

   

  DISCUSSION

  CAD is the foremost cause of morbidity and mortality in the world. Developing new screening tests for CAD gained acceleration recently because CAD is the first cause of death in developed societies, and many patients present with a severe clinical presentation without showing early symptoms. In the context of new signaling pathways and tests, it is aimed to determine high-risk patients before symptoms appear to prevent major cardiac events. In our study aiming to reveal the relationship between MDA and SOD levels, which are used for evaluating the oxidative stress status of the organism in CAD patients as well as the RhoA/ROCK-1 signal pathway, it was observed that RhoA, ROCK-1, and MDA levels of the CAD group increased compared to the control group, and SOD levels decreased.

  In recent years, the RhoA/ROCK-1 signaling pathway aroused interest among researchers of cardiovascular diseases. The first reason for this interest is that the RhoA/ROCK signaling pathway plays an important role in various cellular functions involved in the pathogenesis of cardiovascular diseases. Another reason is the considerable influence of RhoA/ROCK pathway over various vasoactive substances involved in the pathogenesis of cardiovascular diseases, such as angiotensin II, 5-hydroxytryptamine, thrombin, and platelet-derived growth factor. Nonetheless, statins, which are 3-hydroxy-3-methylglutaryl coenzyme A (or HMG-CoA) reductase inhibitors, were also reported to have inhibitory effects on the RhoA/ROCK signaling pathway[18,19]. Hartman et al. [20] reported that increased ROCK enzyme activities in the processes leading to cardiovascular diseases such as hypertension, angina pectoris, heart failure, and stroke play an important role in the pathogenesis of these diseases. At the same time, they also stated that pharmacological inhibition of ROCK signaling provided considerable improvements in the medical conditions of cardiovascular patients. In our CAD group, a significant increase was determined in both RhoA levels and ROCK-1 activity. Our findings are compatible with the literature. Aghajanian et al. [21] reported in their study that superoxide radicals cause an increase in RhoA levels. In another study by Knock et al. [22], superoxide radicals were also noted to cause an increase in ROCK activities.

  Free radicals are molecules containing unpaired electrons generated through biochemical redox reactions that occur during cell metabolism. It is well known that oxidative stress and free radicals have important roles in the process of developing cardiovascular diseases[23]. MDA, a carbonyl group produced during lipid peroxidation, is widely used in determining oxidative stress. Increased MDA levels in CAD were demonstrated in several clinical studies[24,25]. It was reported in the literature that serum MDA level was a diagnostic parameter in patients with CAD and that there was a strong relation between MDA levels, LDL oxidation, and the development of coronary lesions[26].

  In our study, significantly increased MDA and LDL levels and decreased SOD levels were also observed in the CAD group. Our findings are compatible with the results in the literature. A strong positive correlation was found between MDA and LDL whereas a negative correlation was found between MDA and SOD. In addition, an increase in MDA levels showed a positive correlation with RhoA and ROCK levels. It was reported in the literature that excessive ROS production can cause deoxyribonucleic acid (DNA) damage and DNA strand breaks. However, studies indicated that the progression of atherosclerotic plaques were induced by oxidative stress, increasing DNA breaks[27,28]. The accumulation of damaged DNA can trigger cell apoptosis or cause permanent cell cycle arrest leading to vascular cell senescence. Vascular cell senescence promotes impaired VSMC proliferation[29].

  Increased production of free radicals is counterbalanced by endogenous antioxidants. SOD is one of the most potent enzymatic antioxidants inhibiting free radical formation. Increased SOD levels play a protective role against acute or chronic oxidative damage, including atherosclerosis. But, this increase in SOD levels is provided by foods containing exogenous antioxidants[30]. In their study on CAD patients, Gupta et al. [31] reported decreased SOD activities. In our study, SOD levels were also decreased in CAD patients compared to the healthy control group.

  When our study groups were examined in terms of dyslipidemia, there was a significant increase in serum TG, TC, and LDL levels in the CAD group, and a decrease in HDL levels was also found. HDL is involved in the reverse cholesterol transport from tissues. It also has antioxidant, anti-inflammatory, and antiapoptotic effects. By virtue of these properties, HDL contributes to the prevention of atherosclerosis by reducing the adverse effects of oxidative stress involved in the initiation and development of this disease[32].

  LDL accounts for approximately 70% of plasma cholesterol, providing cholesterol to peripheral tissues. The PUFAs contained in LDL are vulnerable to free radical attacks. Against this oxidative attack, LDL tries to prevent the oxidation of PUFAs by means of vitamin E, which is a powerful antioxidant that LDL contains[33]. Increased levels of excessive free radical activity in this region due to decreased antioxidant levels or impaired endothelial function will make PUFAs vulnerable for free radical attacks and initiate a peroxidation chain reaction on LDL. In this case, LDL is changed by modification mechanisms such as glycosylation, oxidation, and acetylation, acquiring atherogenic properties[34,35]. Dyslipidemia in our CAD group may have triggered the formation of oxidative stress by causing an increase in MDA levels and a decrease in SOD levels.

  Oxidative stress is an important factor in the initiation and progression of CAD, and increased free radicals due to oxidative stress may cause the activation of the RhoA/ROCK signaling pathway.

   

  CONCLUSION

  Our findings suggest that the RhoA/ROCK signaling pathway is important in the pathogenesis of CAD, so the inhibition of the activity of RhoA/ROCK-1 pathway would be beneficial in treating cardiovascular diseases.
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    ABSTRACT

    INTRODUCTION: A potentially new marker of cardiovascular diseases — proadrenomedullin is the precursor of adrenomedullin, which is a multifunctional peptide hormone, produced in most of the tissues in response to cellular stress, ischemia, and hypoxia.

    METHODS: Ninety-three people, aged 51-79 years, were included in the study. Exclusion criteria were severe or corrected valvular disease, acute coronary syndrome, age ≥ 80 years, glomerular filtration rate < 45 ml/min, active infectious diseases, and cancer. The subjects were observed for adverse events, including reduced left ventricular ejection fraction (LVEF) by ≥ 10%, first incidence of atrial fibrillation (AF), and the necessity of using dopamine during hospitalization.

    RESULTS: Use of pressure amines, occurrence of the first AF episode, and left ventricular dysfunction defined by a decrease in LVEF by at least 10% compared to the value before surgery were reported in the perioperative period. No death, sudden cardiac arrest with effective resuscitation, non-ST-elevation myocardial infarction, ST-elevation myocardial infarction, or heart failure were observed. Significantly higher proadrenomedullin concentration was observed in the group with reduced postoperative LVEF (1.68 vs. 0.77 nmol/l, P=0.005). The relative risk of a decrease in ejection fraction in the group of patients with proadrenomedullin concentration ≥ 0.77 nmol/l was more than twelve-fold higher (95% confidence interval 1.69-888.33; P=0.013) than in the group of patients with a concentration of proadrenomedullin < 0.77 nmol/l.

    CONCLUSION: The higher baseline concentration of proadrenomedullin has a predominantly predictive value of postoperative left ventricular systolic dysfunction.

    Keywords: Biomarker; Coronary Artery Bypass; Systolic Function; Proadrenomedullin; ST Elevation Myocardial Infarctation; Perioperative Period.
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  HIGHLIGHTS

  Previous studies have shown that elevated level of plasma adrenomedullin reflects the patient's disease, its severity, and prognosis.Given the above, it was hypothesized that elevated concentrations of proadrenomedullin — precursor of adrenomedullin — can be a predictor of adverse events in the perioperative period. In particular, it was demonstrated that proadrenomedullin is an indicator of a decrease in left ventricular function after coronary bypass grafting in patients with normal systolic function.
   

   

  INTRODUCTION

  The search for a biochemical marker determining the patient’s prognosis after surgery is justified by the need to constantly improve coronary artery bypass grafting (CABG) results.

  Proadrenomedullin (proADM) is a potential new marker of cardiovascular diseases. The half-life of proADM is several hours, and its plasma concentration proportionally represents levels and activity of adrenomedullin (ADM)[1]. ADM is a multifunctional peptide hormone produced in most tissues and many cell types in response to cellular stress, ischemia, and hypoxia. These features indicate that ADM may play a role in protecting against cellular damage and is, therefore, a promising disease biomarker[2]. ProADM, an ADM precursor (Figure 1), plays a natriuretic and vasodilatory role and is released in different tissues. It is an autocrine and paracrine mediator, which is an indicator of the severity of a wide spectrum of diseases[2,3]. ProADM is a stable active substance and has a longer half-life than ADM[2]. The aim of this study was to assess proADM’s predictive value of adverse cardiovascular events in the perioperative period of patients with stable coronary artery disease (CAD) and preserved left ventricular ejection fraction (LVEF) undergoing elective CABG. In addition, the effect of CABG on the dynamics of proADM concentration was assessed.
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  METHODS

  Ninety-three patients, aged 51-79 years, hospitalized in the Department of Cardiology, and who were qualified for CABG were enrolled. Each patient gave informed written consent to participate in the study.

  The study protocol was approved by the Bioethics Committee of the Medical University of Silesia in Katowice (Poland) (Resolution No. KNW/0022/KB1/127/I/13/14 of 07.01.2014).

  Exclusion Criteria

  Decreased LVEF (< 50%), acute and chronic inflammatory diseases (within three months preceding), acute coronary syndrome (within three months preceding), age ≥ 80 years old, acute and chronic kidney disease in stages 3b-5 (glomerular filtration rate [GFR] < 45 ml/min/1.73m2), malignant tumours, pulmonary hypertension, severe valvular disease, previous CABG, history of valve replacement or repair, autoimmune disease and immunosuppressive treatment, mental and neurological disorders, alcohol abuse, drug use, and anaemia.

  Adverse Events

  Patients were observed for adverse events during the perioperative period (hospitalization time from the day of surgery to the day of discharge from Cardiac Surgery Department), which included: death, sudden cardiac arrest with effective resuscitation, myocardial infarction with or without ST-segment elevation, heart failure, the need for pressure amines in the perioperative period, the onset of the first atrial fibrillation (AF) episode, and left ventricular dysfunction defined by a decrease in LVEF at least 10 percentage points compared to the value before surgery (∆ LVEF ≥ 10 points%)

  Laboratory Tests and Echocardiography

  Serum morphology, creatinine, and troponin were measured using routine methods in a hospital laboratory before surgery. Troponin was also evaluated on the first day after CABG.

  ProADM concentrations were measured by enzyme-linked immunosorbent assay (or ELISA). Measurements were made with one set to avoid variation between tests. ProADM determinations were carried out twice, before surgery and eight weeks after it, at the Department of Pharmacology of the Silesian University of Medicine.

  Echocardiographic examination was performed with the use of Vivid E9 (by GE) by one examinator. Left ventricular volume values and LVEF were measured by Simpson’s method at the baseline and before discharge from the Cardiac Surgery Department.

  Statistical Analysis

  The analysis of the test results was performed by the IBM Corp. Released 2010, IBM SPSS Statistics for Windows, version 19, Armonk, NY: IBM Corp. and Statistica™, version 10 (2010), programs. The following tests and statistical coefficients were used in the analysis: the Kolmogorov-Smirnov test was used to check the normality of distributions of the analyzed variables; Spearman’s rho correlation coefficient was used to check whether there are statistically significant correlations between quotient variables whose distribution significantly differs from normal; the Mann-Whitney U test was used to check whether there was a statistically significant difference between the two groups in terms of quotient variables whose distribution significantly differs from the normal; and the Kruskal-Wallis test was used to check if there is a statistically significant difference between more than two groups in terms of quotient variables whose distribution is significantly different from normal.

  The Chi-squared test was used to check whether there was a statistically significant relationship between the nominal variables. The Wilcoxon rank test was used to check whether there was a statistically significant difference between two parameters of the quotient variable in the same group.

   

  RESULTS

  Characteristics of the studied population are presented in Table 1.
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  Out of 93 patients undergoing the procedure, 10 underwent an off-pump surgery. The remaining patients (n = 83) were operated using the traditional method in extracorporeal circulation. The median number of grafts implanted was two.

  No statistically significant correlation was observed between age and proADM concentration. Gender, diabetes, smoking history, presence of AF, and stage of CAD also didn’t differentiate patients in terms of proADM levels. Higher levels were observed in people with more advanced CAD (0.74 vs. 1.04 nmol/l; P=0.054; Mann-Whitney U test) (Table 2)
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  Adverse Events

  The following adverse events have been reported in the perioperative period: use of pressure amines (dopamine) (n = 56), occurrence of the first AF episode (n = 25), and left ventricular dysfunction defined by ∆ LVEF ≥ 10 points% (n = 17) (Table 3). At the same time, two events occurred in 22 patients and three events in five patients.
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  After completion of the study, the following parameters were analyzed for the prediction of adverse events: proADM, age, smoking history, diabetes, body mass index (BMI), severity of CAD, European System for Cardiac Operative Risk Evaluation (EuroSCORE) II, aortic occlusion time, cardiopulmonary bypass (CPB) time, and troponin concentration on the first day after surgery.

  Ejection Fraction

  No statistically significant impact of age, diabetes, smoking, BMI, or CAD severity on the occurrence of fraction decline was observed. Patients with a significant decrease in LVEF (≥ 10 percentage points) and patients with preserved left ventricular systolic function after CABG did not differ either in EuroSCORE II, CPB time, aortic clamping time, and troponin concentration after surgery. On the other hand, concerning proADM, significantly higher results were observed in patients with reduced left ventricular systolic function after surgery than in those who didn’t have this adverse event (1.68 [0.84-2.0] vs. 0.77 [0.62-1.37] nmol/l; P=0.005; Mann-Whitney U test). A statistically significant difference is also presented in Figure 2. Among all patients, the lowest mean hemoglobin concentration observed in the postoperative period was 9.81 g/dl (standard deviation [SD] 1.38). In the group of patients with a decrease in the ejection fraction, this value was 9.73 g/dl (SD 1.13). This parameter was comparable among patients in whom this adverse event was not observed (9.83g/dl; SD 1.45). In the group of patients under study, the mean highest concentration of creatinine observed in the postoperative period was 1.047 mg/dl (SD 0.25). There were no statistically significant differences between the group of patients among whom a decrease in the ejection fraction was observed (1.05 mg/dl; SD 0.19) and patients who did not have this complication (1.047 mg/dl; SD 0.27).
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  Receiver Operating Characteristic (ROC) Curve

  Analysis of the ROC curve showed that proADM is a pretty good marker of the occurrence of an adverse event, which is a decrease in ejection fraction after CABG (Figure 3). The area under the curve was 0.772, and the optimized cutoff value for proADM was 0.77 nmol/l. This value, with 94.1% sensitivity and 52.1% specificity, shows selected patients who had a complication in the form of a decrease in left ventricular systolic function > 10 percentage points. The relative risk of a decrease in ejection fraction in the group of patients with proADM concentration ≥ 0.77 nmol/l was more than twelve-fold higher (95% confidence interval [CI] 1.69-888.33; P = 0.013) than in the group of patients with a concentration of proADM < 0.77 nmol/l. At the same time, the chance (odds ratio) for the occurrence of an adverse event, which is a decrease in ejection fraction in the group of patients with a concentration of proADM > 0.77 nmol/l, was over seventeen times greater than in the group of patients with a lower than the abovementioned proADM concentration (95% CI 2, 19-137.92, P = 0.006).
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  First AF Episode in the Perioperative Period

  Patients who didn’t experience this adverse event did not statistically significantly differ from patients who had an AF episode after surgery in terms of all parameters tested. However, the first episode of AF occurred in a larger percentage of people with diabetes (36.7%) compared to people without diabetes (25.5%) and was also more common in overweight (31.8%) and obese (30%) people compared to people with normal body weight (18.2%). AF was also less common in non-smokers (25.5%) compared to current or past smokers (36.7%). Among patients who had an AF episode after CABG, the median concentration of proADM was 1.02 nmol/l, comparing to the group of patients who did not have this complication (median 0.85 nmol/l).

  Use of Pressure Amines During Hospitalization

  A higher percentage of patients who received dopamine were observed among patients with more advanced CAD (62.9% vs. 54.8%), with diabetes (67.6% vs. 55.9%), and higher body weight (in overweight [58.3%] and obese [69.7%] people, compared to people with normal body weight [41.7%]), as well as in smokers (68.8 % vs. 55.7%), although no statistically significant relationship was found between these variables. Higher concentration of proADM have been reported in patients who have used pressure amines (1.12 [0.6-1.8] vs. 0.77 [0.5-1.5]; P=0.052; Mann-Whitney U test). Troponin levels after surgery were statistically significantly higher (0.23 [0.185-0.45] vs. 0.15 [0.11-0.29] ng/ml; P=0.004; Mann-Whitney U test).

  Correlation Between Adverse Events and Proadrenomedullin Concentration

  The division of patients due to the number of adverse events registered with them allowed to state that the median concentration of proADM is the lowest among 27 people in whom none of the assumed events occurred (median 0.72 nmol/l) and successively increases with the number of recorded events. In the group of patients (n = 39) with one adverse event, the median was 0.85 nmol/l. In case of two events (n = 22), the median increased to 1.06 nmol/L. In five patients, all three adverse events were observed, and, in this case, the median was the highest (1.68 nmol/l; Chi-squared test; Chi-square=9,289; P=0,026).

  Dynamics of Proadrenomedullin Concentration

  In addition, eight weeks after surgery, the patients’ serum proADM concentration was re-evaluated. It turned out that the concentration of proADM after the procedure was statistically significantly lower compared to baseline (0,71 [0,52-1,15] vs. 0,91 [0,63-1,52] ng/ml; P<0,001; Wilcoxon test).

   

  DISCUSSION

  It was hypothesized that elevated concentrations of ADM may be a predictor of adverse events in the perioperative period. However, reliable quantification of this peptide is difficult for a short half-life in plasma (~ 22 min)[2], its binding to specific plasma-binding protein, and its physical properties. Most tests cannot detect ADM bound to its binding protein[4]. The test performed in this study does not suffer from these restrictions, it assesses the concentration of proADM, the precursor of ADM, and proved to be a tool showing a significantly increased risk of decrease in LVEF after CABG in a cohort of 93 patients.

  According to literature data, the most frequently studied biomarker, indirectly correlating with the concentration of ADM, is the middle fragment of proadrenomedullin (MR-proADM). MR-proADM is a stable fragment derived from the same precursor peptide as ADM, releasing in a stoichiometric ratio of 1:1 to ADM[4].

  Both MR-proADM and proADM are quite well correlated with ADM plasma levels. However, carried out so far, proADM concentration was explored much less frequently. In this regard, it was decided to analyze the concentration of the precursor molecule for ADM, i.e. , proADM.

  In this study, no correlation was found between the age of patients and the concentration of proADM. SD at level 7.5 indicates a small diversity of the group in terms of age and is the likely cause of no differences in the concentration of proADM according to it. MR-proADM concentration regardless of age was also observed in the von Haehling and Lim studies[5,6]. On the other hand, other studies tend to have higher MR-proADM values in older people[7-9].

  Gender also does not differentiate proADM levels in this study. A similar relationship has been observed in previous studies in healthy subjects[6,10] and patients with sepsis[11] or with diabetes[12]. In the Morgenthaler study of 264 healthy people, MR-proADM showed Gaussian distribution with the mean equal to 0.33 nmol/l[7]. There was no difference in this study between the male and female cohort.

  Most clinical conditions that could lead to an increase in proADM concentration were excluded from the study. Since everyone involved in the study had adequate blood pressure control as a result of optimal pharmacological treatment, this disease was not included in the analysis.

  All recruited patients had CAD qualified for revascularization. It was shown that among patients with one or two-vessel CAD, proADM levels are lower than in the group with three-vessel CAD and left main disease. As far as ADM is known, that increases in CAD and acute coronary syndromes[13], the relationship between the stage of CAD and proADM plasma levels has not been studied yet. In this study, of 93 patients undergoing the procedure, 10 underwent an off-pump surgery. However, this was too few patients to draw meaningful conclusions. Moreover, this subgroup did not differ statistically significantly from the total number of adverse events. The remaining patients (n = 83) were operated using the traditional method in extracorporeal circulation.

  No statistically significant differences in proADM concentration were found between the groups of patients with diabetes and patients without this diagnosis. Similar observations were made by Holmanger[14]. Diabetes was a predictor of higher MR-proADM concentration in the Leicester Acute Myocardial Infarction Peptide (or LAMP) and Long-term Intervention with Pravastatin in Ischaemic Disease (or LIPID) studies[8,9].

  In this study, no differences in proADM concentration were observed between overweight and obese subjects and people with normal body weight. Perhaps this is because only 12.9% of respondents had normal BMI. The remaining patients were overweight or obese, and the average BMI of the test group was 28.9 kg/m2. In other studies[15,16], plasma MR-proADM concentrations were significantly higher in obese people than in subjects with normal body weight.

  In this study, three adverse events were observed in patients in the perioperative period. In the patients’ group in which there was no decrease in LVEF, the median concentration was over two times lower than in the group in whose fraction decrease was observed. However, these groups did not statistically significantly differ in terms of other parameters tested.

  ROC curve analysis showed that a concentration of proADM ≥ 0.77 nmol/l predicts with 94.1% sensitivity the occurrence of a decrease in LVEF ≥ 10 percentage points, and the chance of occurrence of this complication is more than 17 times higher in the group of patients with a higher concentration of proADM.

  The sensitivity of our study turned out to be relatively high with the assumed cutoff level, unfortunately with a low specificity of 52.1%. Admittedly, the low specificity of the test will result in too many false warnings. However, the advantage of the test is its high negative predictive value. A positive test result, i.e. , the determination of an elevated concentration of proADM before CABG (≥ 0.77 nmol/l), could allow for the implementation of early prevention of heart failure and for the abovementioned patients to be subjected to special cardiological supervision.

  The reference value of MR-proADM concentration in healthy people according to Gustav-Smith[17] is 0.23-0.64, with a median of 0.41 nmol/l. This result was obtained after examining 1,228 non-smokers, without history of AF, diabetes, stroke, heart attack, hypertension, heart failure, with BMI < 30 and GFR > 60. In this study, the median proADM concentration was 0.91 nmol/l, however, it should be noticed that people qualified for the study were often burdened with several diseases.

  In many studies, the prognostic value of ADM has been confirmed in recent years[5,18-21]. One of these studies showed that the concentration of MR-proADM in plasma in patients hospitalized for exacerbation of heart failure[21] was almost twice lower in surviving patients (0.79 nmol/l) compared to patients who died (1.37 nmol/l). In the study by Csordas[3], MR-proADM proved to be a predictor of adverse events among patients undergoing transcatheter aortic valve implantation (TAVI). The median concentration of MR-proADM in the studied population of patients with severe aortic stenosis was 1.1 nmol/l, and concentration ≥ 1.3 nmol/l seemed to indicate that the patient is at risk due to no lasting benefit after TAVI.

  In the study of Oncel, who examined the concentration of proADM using the kit also used in this study, the cutoff point for patients with sepsis was 3.9 nmol/l, with sensitivity of 86.8% and a negative predictive value of 83.9%[22].

  Even though there was no statistically significant relationship between the first incidence of AF and the need for dopamine during hospitalization and the concentration of proADM, the median concentration was lower among patients in whom no adverse event appeared. Furthermore, the concentration of proADM successively increased with the number of recorded events.

  Decreased proADM levels after CABG may be the result of improved coronary flow in patients with preoperative normal ejection fraction. The relationship with general hemodynamic stress and endothelial dysfunction of this peptide and its upregulation by hypoxia, cytokines inflammatory, or oxidative stress can help explain its role in the relationship between heart failure and poor prognosis. In turn, improvement in myocardial perfusion after CABG, better oxygenation of cardiomyocytes, and reduction of oxidative stress cause the opposite situation and lower the value of proADM.

  Limitations

  A limitation of the study is the relatively small number of patients enrolled, which is largely due to the carefully selected study inclusion criteria.

  The limitations related to potential errors in echocardiographic measurements have been minimized by having an experienced echocardiographist performing the examination, using modern ultrasound equipment. The study did not include the assessment of diastolic function — in the population with preserved LVEF, this aspect may be important.

   

  CONCLUSION

  In this study, it turned out that proADM is a new biomarker that can be helpful in predicting adverse events after CABG in patients with preserved LVEF. Higher baseline concentration of this biomarker has a primarily prognostic value of postoperative left ventricular systolic dysfunction. Decreased proADM levels after CABG may be the result of improved coronary flow in patients with preoperative normal ejection fraction.
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    ABSTRACT

    INTRODUCTION: Early mobilization of patients in the postoperative period of cardiac surgery who are hospitalized in the intensive care unit (ICU) is a practice that has a positive impact.

    METHODS: This is a systematic review of studies published until September 2020 in the Medical Literature Analysis and Retrieval System Online (or MEDLINE®), Embase, Physiotherapy Evidence Database (or PEDro), Scientific Electronic Library Online (or SciELO), and Latin American and Caribbean Health Sciences Literature (or LILACS) databases. Randomized clinical trials describing mobilization protocols performed early in ICU patients after cardiac surgery were included.

    RESULTS: According to the eligibility criteria, only 14 of the 1,128 articles found were included in the analysis. Early mobilization protocols were initiated in the immediate postoperative period or first postoperative day. The resources and technics used were progressive mobilization, cycle ergometer, early bed activities, walking protocols, resistance exercise, and virtual reality. Intensity of the mobilization activities was determined using the Borg scale and heart rate.

    CONCLUSION: Early mobilization protocols are generalist (not individual), and low-intensity exercises are used, through progressive mobilization, with two daily physical therapy sessions, during 10 to 30 minutes.

    Keywords: Cardiac Surgical Procedures; Early Ambulation; Resistance Training; Intensive Care Units; Postoperative Period.
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  INTRODUCTION

  Cardiac surgery is an option to treat patients with cardiovascular disease, aiming minimize symptoms, optimize cardiac function, and increase survival. Because it is an invasive procedure, it implies numerous functional and systemic consequences in the postoperative period[1-3].

  Complications resulting from the surgical procedure may be caused by physiological changes, comorbidities, and previous risk factors. In addition, intraoperative conditions such as mechanical ventilation, cardiopulmonary bypass, surgical time, and anesthesia determine longer hospital stay with negative outcomes[4].

  Conditions acquired during hospitalization due to immobilization, such as loss of strength and muscle mass, reduction of functional capacity, and physical deconditioning, are common and directly associated with greater disability and need for prolonged rehabilitation[5].

  Early mobilization of patients in the postoperative period of cardiac surgery who are hospitalized in the intensive care unit (ICU) is a practice that has a positive impact on cardiovascular conditioning and ventilatory mechanics, consequently implying improvement of functional capacity, shorter hospitalization time, and lower mortality rate, besides contributing to the prevention of ICU-acquired weakness and to the improvement of muscle strength[4,6].

  Exercises are essential for a quick postoperative recovery. Protocols and resources to assist in cardiovascular rehabilitation have been frequently applied[2]. Cycle ergometer, neuromuscular electrical stimulation, virtual reality through video games, and protocols of active and resisted mobilization with levels of progression have been increasingly used, presenting positive results in functional capacity[7,8] and motivation[9] of patients undergoing cardiac surgery.

  Thus, considering the various therapeutic proposals, this review aims to describe the prescription of early mobilization in patients undergoing cardiac surgery.

   

  METHODS

  This is a systematic review following the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (or PRISMA) Statement[10] and registered in the International Prospective Register of Systematic Reviews (or PROSPERO) (CRD42020197787).

  Eligibility Criteria

  Randomized clinical trials describing early mobilization protocols applied to patients following cardiac surgery were included. Early mobilization has been considered as any mobilization activity that has been carried out as soon as possible during the ICU stay, such as turning, sitting, and orthostatism; passive, assisted, or active exercises; marching on the spot; walking; resistance or aerobic exercise; cycle ergometer; or virtual reality games. The year of publication, as well as the language, were not considered as exclusion criteria.

  Search Strategy

  The search was conducted in the Medical Literature Analysis and Retrieval System Online (or MEDLINE®) via PubMed®, Embase, Physiotherapy Evidence Database (or PEDro), Latin American and Caribbean Health Sciences Literature (or LILACS), and Scientific Electronic Library Online (or SciELO) databases.

  The search strategy comprised the keywords and synonyms for “early mobilization”, and for the study population we searched for “adults undergoing cardiac surgery hospitalized in an intensive care unit”, also including interventions as “marching on the spot”, “walking”, “resistance or aerobic exercise”, “cycle ergometer”, or “virtual reality games”. The search was carried out using terms of Medical Subject Headings (or MeSH) and synonyms, without restriction of date and language, until the period of June 2020, being updated in September 2020. PubMed®'s complete search strategy is described in Table 1. Two studies were manually added after the analysis of Kanejima et al. [11] study.
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  Two researchers performed the initial search independently through the evaluation of titles and abstracts. Subsequently, the reviewers assessed the full texts for the independent verification of inclusion and exclusion criteria. In cases of disagreement, a third evaluator was consulted.

  Data extraction was performed using a standardized Excel® spreadsheet, with the following information: first author, year of publication, country, number of patients in the study, sample, objective of the study, and, finally, description of the protocol of early mobilization (type of intervention, intensity, frequency, duration, and progression). In cases of incomplete or absent data, the corresponding authors were contacted. Data analysis was performed descriptively.

  The assessment of the risk of bias in randomized controlled clinical trials followed the recommendations of the Cochrane Collaboration, using these items: random sequence generation, allocation concealment, blinding (participants, personnel, and outcome assessment), incomplete outcome data, selective reporting, and other sources of bias[12].

   

  RESULTS

  The search identified 1,128 studies, but only 14 controlled and randomized clinical trials, totaling 1,170 patients included in this systematic review (Figure 1). Most studies included only coronary artery bypass grafting procedures. Mean age of patients was 58,67±4,5 years. Study characteristics are summarized in Table 2.
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  Early mobilization protocols were initiated in the immediate postoperative period or first postoperative day. Different resources and techniques were used to mobilize patients submitted to cardiac surgery: progressive mobilization (four studies), cycle ergometer (three studies), out of bed activities (two studies), walking protocols (three studies), resistance exercise (one study), and virtual reality (one study). The description of the mobilization protocols is shown in Table 3.
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  The most frequently assessed outcomes in the studies were functional capacity, using the six-minute walk test, and respiratory muscle strength. The main results of the included studies are described in Table 4.
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  The methodological quality of the studies was evaluated using the Cochrane tool of risk of bias, described in Figure 2. Random sequence generation, allocation concealment, and selective results have a low proportion of risk of bias. On the other hand, a high proportion of high risk of bias for blinding and other types of bias were found.
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  DISCUSSION

  Cardiac surgery leads to exercise capacity decreases in early stages of rehabilitation programs, when compared to patients undergoing less invasive or non-cardiac interventions[13,14]. Such changes are associated with severity of the disease, high prevalence of comorbidities[15], duration of muscle deconditioning[16], incisional pain[17], chest drain, and extracorporeal circulation[18].

  Therefore, it is common to observe decline in functional performance during the ICU stay[19]. Functional capacity decrease comparing pre and postoperative periods of cardiac surgery was reported by several studies[2,20-22].

  Despite this, spontaneous restoration of functional capacity was observed, including in patients who did not participate in any research protocol[23]. In specific conditions, such as the elderly, lower training volume and longer recovery periods may be sufficient[24].

  Due to individual particularities, a structured therapy including mode, intensity, frequency, and duration based on individualized assessments is fundamental for a proper prescription[25] and consequently long-term functional outcomes after hospital discharge[26].

  Early mobilization in cardiac surgery is performed in the first hours after the surgical procedure as soon as the patient presents clinical conditions for the intervention[27]. In the studies included in this review, the time to start mobilization was four hours after extubation to the first postoperative day.

  According to Stiller et al. [27] and Bourding et al. [28], early mobilization after cardiac surgery promotes several benefits, including improved ventilation, ventilation/perfusion ratio, respiratory muscle strength, and functional capacity. The systematic reviews of Kanejima et al. [11] and Guerra et al. [29] also demonstrated positive effects on functional capacity, being considered safe and feasible in critically ill patients. On the other hand, Santos et al. [26] suggests that early mobilization, evaluated in short term, does not promote significant changes in functional capacity.

  Different results may be justified by divergences about early mobilization concepts[27]. It is important to highlight that the variety of studies with different starting points difficult the prescription, as it is essential to define the moment of initiation to avoid risks to the patient due to very early or late mobilization[30].

  Additionally, the term mobilization also covers several therapies. Most types of modalities found were protocols of progressive mobilization, including active exercises, sitting out of bed and walking[31-34], only walking protocols[35,36], and early sitting out of bed[21,22]. Not all these therapies require instruments for their realization.

  Other studies included instruments, such as the cycle ergometer[9,13,23], virtual reality[7], and resistance exercises with shin pads and dumbbells[2]. The cycle ergometer is considered a viable strategy for those with restriction to walk[12]. The practice of resistance exercises in this population is restricted due to incisional precautions, but it is known that this modality optimizes cardiovascular function and peripheral muscle strength[2,29] and promotes reduction of inflammation, cognitive dysfunction, and sarcopenia[37].

  In a systematic review, Ramos dos Santos et al. [26] observed that the groups submitted to early mobilization presented lower rates of postoperative complications, improvement of functional capacity, and reduction of hospital stay in comparison with control groups without treatment. However, when comparing different mobilization protocols, there was no superiority of any intervention.

  Regarding intensity, most studies[2,7,9,13,16,19-21] did not use objective criteria. Hirschhorn et al. [18] applied the modified Borg scale with target of three to four points, equivalent to moderate to low exercise intensity[38], while Zanini et al. [22] performed exercises aiming level 11 on the Borg scale from six to 20 points. This intensity corresponds to light exercises, in which participants feel that the effort is “very light”[39].

  In other studies, heart rate (HR) change from 20 to 30 bpm above baseline HR was used to determine exercise intensity according to guidelines from the American College of Sports Medicine (or ACSM) for patients who do not have a stress test performed. Increased exercise intensity considered the patient’s perceived effort, signs and symptoms, and normal physiological response[40].

  Another way to determine the exercise intensity is the reserve HR (maximum HR - resting HR)[41]. However, this is based on the maximum HR achieved in an effort test that can quantify the anaerobic thresholds and thus determine the prescription of adequate exercise. This type of test is not performed in early postoperative period.

  Subjectively, one can also consider the speech test or Talk Test, with the perception of the ventilation itself, that is, the exercises are performed in intensity that feels the most panting breath, however, without a degree of tachypnea that prevents the patient from completing a phrase[42]. None of the studies analyzed used this way of determining intensity.

  The definition of intensity is fundamental to determine the continuity or suspension of therapy. In phase I of the cardiac rehabilitation, low-intensity exercises should predominate, aiming the best possible physical and psychological conditions to patient hospital discharge[43,44]. However, it is important to highlight that the increase in exercise intensity is associated with enhanced cardiac output and oxygen consumption, resulting from increased muscle oxygen consumption. Thus, such physiological changes may be associated with greater gains in peripheral muscle strength[45].

  The frequency of interventions found was once to twice daily, lasting 10 to 30 minutes. The South American Guidelines for Cardiovascular Prevention and Rehabilitation[46] recommended duration between 40 and 60 minutes daily. However, there is no consensus about the appropriate duration of therapy during phase I of cardiovascular rehabilitation.

  Another important point in the prescription is the criteria for progression. There are protocols that demonstrate progression in steps that evolve according to patient recovery[47,48] and others with progressive therapeutic strategies[49-51]. Winkelman et al. [52] described a protocol in which each step is determined by activities with frequency and intensity corresponding to a given energy expenditure (2 to 4 metabolic equivalents of task) until hospital discharge. This form of progression was also used in several studies[7,14,17,18,21,22].

  The volume of therapy[15,23], time[13], or evolution in positioning were identified as determining factors for progression. Regardless of the form of progression, it is important to consider the functional capacity, clinical condition, use of medications, age, and objectives of the program. Moreover, in the early periods it is essential to respect the adaptation to exercise and later evolve with progression, especially in those who are reestablishing themselves from an acute event, such as cardiac surgery[45].

  In general, the therapy prescription is not clearly defined for patients in phase I of cardiac rehabilitation, as there is no standardization on the “dosage” of the therapy. According to the South American Guidelines for Cardiovascular Rehabilitation[43], in this phase, the focus is patient education and low-intensity exercises, which include from passive mobilization to light walks with individual progressions. However, although the intensity is mild, it is important to respect the criteria of the prescription to guarantee reproducibility and efficacy of therapy, thus respecting the bases of exercise physiology.

  In addition, in most of the protocols studied, it is common to perceive the same therapy for all patients. However, it is important to highlight that physical exercise, as well as drug prescription, should be individualized, aiming to maximize the benefits and minimize risks[45].

  Functional loss in the postoperative period is an expected complication if no therapeutic intervention is performed. So, interventions performed in this period aim to maintain functionality during the hospital stay. Divergent data were observed in the studies included in this review. Maintenance of the functional capacity in the intervention group, comparing post and preoperative periods, was found in several studies[2,7,13,15,23], while others found decrease[16,22] or similar values[9]. Concerning to respiratory function, respiratory muscle strength was decreased[13,22] or maintained[19,20] in both intervention and control groups, while lower incidence of respiratory complications[14] was found in the intervention group . The protocols presented by Ximenes et al. [2], Cacau et al. [7], Borges et al. [36], Stein et al. [16], and Zanini et al. [22] presented the best results in the most relevant outcomes.

  Despite all the restrictions of the prescription of early mobilization in the postoperative period of cardiac surgery, due to the severity of the patient in phase I of cardiovascular rehabilitation, its benefits in this population are known. Thus, the question arises: would a mobilization program carefully prescribed for patients in the postoperative period of cardiac surgery be able to optimize outcomes?

   

  CONCLUSION

  During the hospitalization phase, the prescription of early mobilization is not a frequent concern, since there are few studies specifically targeting the most appropriate type, intensity, frequency, duration, and progression. In addition, the protocols are generalist and not individual, as recommended by the physiological bases of exercise prescription. As for the studies included in the review, low-intensity exercises are used, through progressive mobilization, once to twice daily, during 10 to 30 minutes.
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    ABSTRACT

    INTRODUCTION: The increase in the prevalence of aortic stenosis due to an aging population has led to an increasing number of surgical aortic valve replacements. Over the past 20 years, there has been a major shift in preference from mechanical to bioprosthetic valves. However, despite efforts, there is still no "ideal" bioprosthesis. It is crucial to understand the structure, biology, and function of native heart valves to design more intelligent, strong, durable, and physiological heart valve tissues.

    METHODS: A comprehensive review of the literature was performed to identify articles reporting the basic mechanisms of bioprosthetic valve dysfunction and the biology of native valve cells. Searches were run in PubMed, MEDLINE® (the Medical Literature Analysis and Retrieval System Online), and Google Scholar. Terms for subject heading and keywords search included “biological heart valve dysfunction”, “bioprosthesis dysfunction”, “bioprosthesis degeneration”, and “tissue heart valves”.

    RESULTS: All the relevant findings are summarized in the appropriate subsections. Structural dysfunction is a logical and expected consequence of the chemical, mechanical, and immunological processes that occur during fixation, manufacture, and implantation.

    CONCLUSION: Biological prosthesis valve dysfunction is a clinically significant process. It has become a major issue considering the growing rate of bioprosthesis implantation and improved long-term patient survival. Understanding bioprosthetic aortic valve degeneration from a basic science perspective is a key point to improve technologic advances and specifications that lead to a new generation of bioprostheses.
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  INTRODUCTION

  Aortic stenosis is the most common primary valve disease with indication to surgery in Europe, with an increased prevalence in the last few decades due to an aging population[1]. In fact, more than 400,000 surgical aortic valve replacements (SAVR) are performed yearly worldwide[2], contributing to a significant economic and social health issue[3]. It is expected that in 2050 there will be over 850,000 aortic valve replacements, worldwide[4].

  There are two major types of prosthetic heart valves: mechanical and biological. Randomized clinical trials[5-7] comparing both types of prostheses found similar generic outcomes. However, from the published studies we can draw two important conclusions: mechanical prostheses are associated with higher rates of bleeding due to anticoagulation, while bioprostheses are associated with higher rates of reintervention due to bioprosthetic dysfunction.

  Across the world, in the past decades, there has been a considerable increase in the use of bioprostheses over mechanical valves[8-10], with a major shift from mechanical to bioprosthetic valves in the last 20 years. In proportion, bioprostheses increased from 40% in the 1990s to more than 80% of all implanted prosthetic heart valves nowadays[11]. This exponential increase in bioprosthetic valve implantation is likely related to an elderly patient population undergoing SAVR, a perceived improvement in valve durability, and a desire to avoid short and long-term anticoagulation[8].

  Despite the continuous efforts in the past few years, still there is no "ideal" bioprosthesis. The implementation of a prosthetic heart valve always initiates several pathophysiological processes, which can lead to structural valve degeneration (SVD) and progressive clinical deterioration. Signs and symptoms of SVD depend on the type of valve, its location, and the nature of the complication. There are several types of prosthetic dysfunction, ranging from structural/non-structural deterioration of the valve, thrombosis, and endocarditis[12].

  For the past 50 years, glutaraldehyde (Glut) has been the most used chemical product and is currently widely used to preserve and stabilize biological prosthetic tissues. Glut is responsible for chemical cross-linking, improving the material’s stability and reducing antigenicity. Bioprosthetic heart valves show several histological differences from native heart valves, being unable to remodel and repair. The manufacture process of prostheses is also crucial, especially regarding fixed configuration of the pericardial valves and the pressure used in tissue fixation.

  Recently, research has brought new ideas about the inflammatory and immunological roles in bioprosthetic dysfunction, describing the immunological rejection and the inflammatory state also as causes of failure of bioprostheses.

  In terms of durability, new-generation bioprostheses may have promising results[11]. The reported durability is excellent, with rates of reintervention due to failure of the bioprosthesis of 2% to 10% in 10 years, 10% to 20% in 15 years, and 40% in 20 years[13,14]. However, these findings do not show the true rates of deterioration of bioprostheses. Some studies have identified higher rates of structural deterioration, including hemodynamic changes, in up to 10% and 30% of patients five and 10 years after surgery, respectively[11].

  The significant increase in the use of aortic bioprosthesis will inevitably lead to a proportionally rising number of patients diagnosed with prosthetic dysfunction in the next decade. This should stimulate cardiac surgery centers and medical prosthesis manufacturers to understand all underlying mechanisms. This article aims to review the most debated topics on the pathophysiology of aortic bioprosthetic dysfunction, exploring the biological grounds on the chemical, mechanical, and inflammatory contribution to better understand the most recent innovations in this field.

   

  METHODS

  A comprehensive review of the literature was performed to identify articles reporting the basic mechanisms of bioprosthetic valve dysfunction and the biology of native valve cells. Searches were run in March 2020 in the following databases: PubMed, MEDLINE® (the Medical Literature Analysis and Retrieval System Online), and Google Scholar. Terms for subject heading and keywords search included “biological heart valve dysfunction”, “bioprosthesis dysfunction”, “bioprosthesis degeneration”, and “tissue heart valves”. There was no patient involvement in this study, so ethic board’s approval was not required.

   

  RESULTS AND DISCUSSION

  Heart Valves

  Natural heart valves are unique structures, adapted to allow unidirectional and nonobstructive blood flow. They are biologically dynamic structures, naturally designed to avoid regurgitation, thromboembolism, trauma to their molecular and cellular structures, or disruptive stress. To understand the pathophysiology of biological prosthetic valve dysfunction it is crucial the understanding of the structure, biology, and function of native heart valves.

  In the embryonic developing heart valve, epithelial-to-mesenchymal transition occurs when cells from the endocardium differentiate into mesenchymal cells and migrate into the cardiac jelly that forms the pre-valve cardiac cushions[15]. These cushions are rich in glycosaminoglycans (GAG), such as hyaluronic acid, and signaling molecules responsible for further development of heart valves[1,2]. The cardiac cushions are responsible for the complex regulation of extracellular matrix proteins, producing an intricate and functional structure[16]. Although the immature heart valve produces its own extracellular matrix in utero, their development is only completed in the postnatal life[1,3]. Characterizing the embryonic progenitors of heart valve cells and development processes is important to understand basic pathogenesis in valvular disease. Exploring cellular and molecular pathways in valvular disease will eventually allow designing more intelligent and physiological heart valve tissues.

  Development of heart valves leads to a layered, structured, and highly specialized complex structure of adapted cells and extracellular matrix[17,18]. Their configuration will allow heart valves to assure its highly specified function and maintain their strength and durability despite the regular and repetitive stress and strain. Heart valves also need to have elements that assure permanent repair and remodeling. Although there are four different heart valves with different configurations and functions, all of them have a similar layered patter of cells.

  Valve leaflets are mainly constituted by collagen type I and III, proteoglycans, GAG, and elastin[19]. The leaflet has three layers, each one with an important microstructure (Figure 1): 1) fibrosa: the outflow surface, with circumferentially and densely aligned packed collagen fibers, to enable a load-bearing function during diastole[20]; 2) spongiosa: the middle layer, which is rich in GAG and acts as a lubricant between the two other layers[20-22]; and 3) ventricularis: the inflow surface, predominantly with elastin to provide elastic proprieties[20,21]. The arrangement and configuration of the extracellular matrix is responsible for the changes in shape and dimensions throughout the cardiac cycle.
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  Two major types of cells are present in the leaflets: the valvular endothelial cells (VEC) and the valvular interstitial cells (VIC). Both groups of cells synergize to maintain the normal function of the valves.

  Valvular interstitial cells

  VIC represent a crucial and heterogeneous cell population through the leaflet, distributed in all layers[23]. They are the most abundant cell type in the heart valves and resemble, among others, fibroblasts and smooth muscle cells. VIC represent a dynamic population responsible for the synthesis of extracellular matrix and matrix-degrading enzymes. Thus, they regulate and remodel collagen and other essential components to assure the continuous valve repair[23]. The activation of VIC (including the production and secretion of matrix) is regulated by mechanical stretch, local cellular signaling (e.g. , interaction with other types of cells from heart valves such as VEC), microstructural factors, and hemodynamic environments[24]. It has also been theorized that VIC contraction, in response to environment stimuli, may facilitate cell-to-cell communication and act as a role in maintaining leaflet homeostasis[25]. The ability to answer to the surrounding environment makes VIC highly plastic, with at least five distinct phenotypes described, from a quiescent to an activated form (the five distinct VIC phenotypes include embryonic progenitor endothelial/mesenchymal cells, quiescent VIC, activated VIC, post developmental/adult progenitor VIC, and osteoblastic VIC)[23].

  Although it may be interesting to explore all phenotypes, the quiescent and the activated forms are the most relevant in this context. VIC in adult valves are quiescent, without activity, with fibroblasts characteristics[26,27]. The plasticity of VIC is important for development but plays also an important role in pathologic processes[19]. VIC plasticity is regulated by multiple factors, such as environmental factors and host factors, as age.

  In the disease states, VIC progress from the quiescent fibroblast-like phenotype to a contractile form, with enhanced production and secretion of extracellular matrix, cytokines, proteases, and growth factors[9,10]. VIC progression has direct consequences on the heart valve function, as it has been shown that VIC contraction have measurable effects on leaflet stiffness[28]. When the activation persists and is prolonged, VIC can differentiate into osteoblast-like cells (the osteoblastic VIC phenotype), leading to calcified nodule formation and valve calcifications[29]. However, activation of VIC is not a definitive process, as it can be reversibly modulated[29].

  Valvular endothelial cells

  VEC represent the cell layer that covers the leaflets, in line with the endothelium from the entire cardiovascular system. However, VEC are phenotypically different from other cardiovascular endothelial cells, probably due to the fact that they interact with VIC to maintain the integrity of valve tissues and, potentially, also to mediate disease[26]. They are highly specialized endothelial cells: usually endothelial cells in vascular tissues are typically elongated in the direction of blood flow, but on the leaflets they have a circumferential arrangement to support leaflet stresses and mechanical forces[30]. As all endothelial cells, VEC are crucial to function as a barrier, regulating interactions between blood flow and VIC, including metabolic and inflammatory processes[31].

  VEC may also exhibit different phenotypes depending on their location on the valve leaflets[32]. Endothelial cell production of nitric oxide (NO) is an important crosstalk to maintain VIC quiescent, and endothelial injury has been proposed to be an initiating factor for calcified aortic valve disease[33]. VEC are also responsible for the non-thrombogenic proprieties of the leaflets, playing an important immune and inflammatory role[34]. VEC are also capable of responding to mechanical stimuli, with a flow-mediating mechanotransduction process being responsible for the activation of protective or pathological pathways[35].

  Heart Valves as a Functional System

  Understanding the molecular and cellular components of the heart valves will allow us to understand the biomechanical features of the valves.

  The aortic valve is the most frequently diseased and studied valve and it is the perfect paradigm to represent the complex and highly specialized extracellular matrix configuration of heart valves. During diastole, the aortic valve leaflets stretch to avoid blood backflow. The change in its configuration is predominantly dependent on collagen, with directional realignment and crimping of the fibers. The collagen orientation determines tissue compliance to tensile stress. This complex fiber architecture is very sensitive to pressure, and very low pressures at the beginning of the cardiac cycle are capable of inducing collagen fibers arrangements, with loss of the fibrosa corrugations and collagen crimps[15-18]. Mechanical functions of collagen also include limitation of cuspal stretching to avoid prolapse (achieved mainly by the strained and aligned collagen in the fibrosa)[23].

  During systolic valve opening, the tissue becomes relaxed, with the elastin from the ventricularis layer recoiling to make the cusp retracted again[20,26]. In this phase of the cardiac cycle, fibers have a random directional distribution and crimps of collagen fibrils are restored[23].

  All these continuous and coordinated alterations in valve configuration depend on the quality and quantity of its components, such as collagen, elastin, and GAG. Indeed, they are the major determinants of the functional mechanisms and long-term durability of the valve. It has already been showed that the cell source used in bioprosthesis is important for long-term durability since the lack of cells in bioprosthesis has been shown to be the main source of failure for implants[26]. That is the reason why all the previously described components are essential to maintain valve homeostasis. Thus, cell source and function are important components of heart valve tissues, as they depend on the viability and function of active valve cells[23].

  Bioprosthetic Dysfunction

  Biological heart valves consist of fixed or decellularized human or animal (usually porcine or bovine) tissue, attached or not to a stent (without a stent in the stentless prosthesis) and a sewing ring (without sewing ring in the sutureless prosthesis). Structural dysfunction is a logical and expected consequence of the chemical, mechanical, and immunological processes that occur during fixation, fabrication, and implantation.

  Beside all the technological development in the past decades, bioprostheses only replicate native heart valve structure. In bioprostheses, 1) the cusps are constituted by subendothelial connective tissue; 2) the cusps are locked in a static geometry; and 3) they have nonviable cells due to the fixation and cross-linking processes[21,22]. They lack the functional capacities of heart valves and the preservation techniques severely decrease functional activity of the natural matrix[17]. Thus, they are not able to maintain the normal remodeling processes.

  Glut, a currently widely used chemical to preserve and stabilize biological prosthetic tissues, is an aldehyde with fixative and preservative functions[35], which was firstly introduced in 1963 by Sabatini et al. [22] as a fixative for electronic microscopy. Glut is responsible for the chemical cross-linking (creation of covalent chemical bonds to stabilize tissues and terminate any ongoing biochemical reactions), enhancing material stability, and reducing antigenicity[29,30]. However, Glut is also partly responsible for prosthetic dysfunction, directly because of its toxicity and indirectly through the processes described ahead.

  Valve degeneration is a multifactorial process, including chemical, mechanical, and immunological factors (Figure 2). The contribution of each mechanism remains poorly understood but represents an active and attractive field of investigation. The common endpoint of all these processes is calcification and degradation, culminating in the failure of the structure with bioprosthetic dysfunction.
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  Chemical Contribution

  Glut cross-linking make tissues biocompatible and nonthrombogenic, while maintaining anatomic integrity, leaflet strength, and flexibility[36]. Its preference among aldehydes is related to its availability, low price, quick action, and capacity to react with a large number of amino acids[36].

  Glut is responsible for the effective cross-linking of collagen, the most common structural component of the valves. It forms covalent bonds by the formation of Schiff bases (reaction of an aldehyde group with an amino group of lysine or hydroxylysine) and/or by aldol condensation between two adjacent aldehydes[37]. Cross-linking increases tissues durability, reducing resistance to proteolysis of the cross-linked proteins. However, after Glut fixation, residual aldehydes remain expressed on the tissue surface and may act as calcification locations.

  Although its action is essential for valve preservation and to eliminate cellular components to reduce tissue immunogenicity, the induced chemical reactions are probably the most important part of bioprosthetic valve degeneration. After Glut fixation, VIC lose their viability[38]. However, some studies have showed that Glut retains many of the viscoelastic proprieties of the collagen[36], with hemodynamic proprieties of the prostheses similar to those of living tissues[36].

  Additionally, as part of the fixation and fabrication process, the cellular content of the tissues is modified, with loss of endothelial cells, loss of interstitial cell viability, and interstitial cell degeneration[39]. Indeed, bioprosthetic heart valves show several histological differences from native heart valves, with flattening of the cuspal corrugations, loss of the endothelium or mesothelium surfaces, disruption of interstitial cells, and loss of GAG[38]. With the loss of interstitial cells viability, the mechanical proprieties and durability of the valve depend primarily on the quality of the collagen and the remaining viscoelastic proprieties are not enough to avoid valve tissue degeneration.

  Schoen et al. [39] described the calcification process as having two phases: nucleation (or initiation) and propagation. One important change to initiate calcification is the abnormal extrusion of calcium ions from the nonviable cells. Cross-linking to proteins of the cellular membrane alters their proprieties, resulting in a different permeability in the non-viable cells. Additionally, there is a reduction of the functional transmembrane ion pumps and an increased permeability to calcium ions that contribute to the onset of calcifications[40]. Usually, calcium concentration is 1,000 to 10,000 times lower in the cytoplasm due to the healthy ion pumps that carry calcium out of the cells. With deregulated calcium levels inside the cells, cellular membranes and other intracellular structures bind calcium and serve as nucleators for calcification. Indeed, calcification seems to start predominantly at the cell membranes and other intracellular structures rich in phospholipids, while the loss of proteoglycans may enhance this phenomenon by removing calcification inhibitors[41]. Glut also reacts directly with intracellular structures, predisposing to calcification in the presence of high intracellular calcium levels[42]. The debris of interstitial cells that remain in valve tissue also serve as initiation sites for calcification.

  Collagen and elastic fibers can also serve as nucleation sites, independent of cellular components. One important difference is that calcification of collagen requires cross-linking alterations, while calcification of elastin occur independently of cross-linking[43].

  After the nucleation, calcification is influenced by all the metabolic and pathologic changes in calcium and phosphorus metabolism, with calcium-enriched crystals growing to eventually culminate in prosthetic malfunction (propagation phase).

  Another important characteristic of native heart valves is their remodeling and reparation capacity. In biological prosthesis, the fixed and nonviable tissue is incapable to maintain the ongoing repair, and every damage do the extracellular matrix is cumulative. Moreover, endothelial cells are denuded or absent and adjacent smooth muscle cells might proliferate and migrate freely to the non-endothelialized valve surface[44], also contributing to valve dysfunction.

  The dynamic role of native valve cells and their importance for the durability of bioprosthesis is now recognized, and new strategies of repopulation and regeneration have been proposed to minimize the problem. Repopulation defines the process of using a clean connective tissue matrix valve, repopulated with the recipient cells, before or after prosthesis implantation[45]. A completely “self-populated” prosthesis would maintain tissues invisible, avoiding host reaction to the graft. Although this technology reached clinical practice, the results were not as good as expected. Regeneration involves the implantation of a remodeling matrix with the proteins and cells of the recipient that can resemble the dynamic changes of native heart valves[45-49], but it remains in the pre-clinical development.

  Storage is another important issue regarding bioprosthetic valve dysfunction. Several bioprostheses are stored in liquids containing aldehydes, which are toxic and a source for calcification, as abovementioned. Regardless fixation and production procedures with a reduced aldehyde content, tissues are exposed once again to deleterious free aldehydes when they are stored in aldehyde enriched solutions. Even pre-implant rinsing does not guarantee complete removal of toxic aldehydes with such storage solutions, and new technologies regarding storage are also an active field of research.

  Mechanical factors

  In the past, heart valve dysfunction was assumed as a degenerative and passive deposition of calcium crystals. However, it has been established that biological prosthetic valve dysfunction is a very dynamic and progressive process, including noncalcified deterioration with important mechanical and environmental contributions.

  As part of the fabrication model of bioprosthesis, the structure is fixed in a static geometry. The collagenous network is locked into a single configuration of one phase of the cardiac cycle, inhibiting the normal extracellular matrix readjustments of the valve during the cardiac cycle[39,40]. The collagen crimps and corrugations are preloaded in a defined configuration similar to that of a closed valve[48]. Thereby, functional and normal cardiac cycle stresses have to be absorbed by the noncompliant and fixed collagen fibers[48]. Having a fixed configuration will produce damage in pericardial valves during closure (in porcine valves, mostly during opening but also during closing), inducing repetitive accumulation of mechanical stress with increased tissue fatigue[39,40]. Leaflets should display anisotropic proprieties, especially regarding strain in the circumferential and radial directions. It has been established that non-physiological strain leads to pathologic processes by deregulation of inflammation and remodeling, leading to calcification[18].

  The pressure used during fixation is also important for the mechanical changes induced in the tissues, as it determines the stress-strain relation of the tissue strips[50]. Low pressures have better mechanical proprieties and most of the bioprostheses used nowadays, such as Edwards Lifesciences® Magna Perimount and LivaNova® Perceval Plus, are manufactured with low pressure fixation[51]. However, studies have shown that as low as 2-4 mmHg are sufficient to induce significant changes in collagen compliance[48], so zero-pressure methods have been studied. Although in theory zero pressure would offer a new approach to reduce biological prosthetic dysfunction, the technique has not achieved clinically significant results[52].

  Although Glut-related dysfunction is more associated with calcification, it also induces mechanical alterations to the valve tissue. It has been shown that Glut alters the stress-strain curves of strips of bovine and porcine valve tissues[50]. During the fixation process there is also a considerable loss and incomplete stabilization of the GAG[53], which are responsible for the viscoelasticity and accommodation of the cuspal layers. GAG have an essential role in absorbing compressive loads, modulating shear stress, and avoiding tissue buckling, and they may be important in mechanical abnormalities that lead to valve dysfunction.

  The chemical and mechanical changes are possible synergetic, since changes in tissue configuration can induce stress and fatigue (especially in flexion lines of the cusps) that can expose and disrupt collagen, initiating the calcification process. On the other hand, calcifications can also induce structural changes and stiffness that will eventually lead to more mechanical changes and damage.

  Immunological factors

  Recently, research has brought new insights on the inflammatory and immunological roles in bioprosthetic dysfunction, describing immune rejection also as a cause for bioprosthetic failure[40,51].

  In all biological processes, immune responses have several grades, from a physiological to pathologic state. Even in the setting of a bioprosthesis, inflammation can be divided into several types: 1) the postsurgical normal wound healing; 2) nonspecific innate inflammatory reaction to a new foreign body; and 3) immune-mediated rejection and/or inflammation[54-56]. We will focus on points 2 and 3, since the normal postsurgical wound healing is not in the scope of this review.

  Despite all the fixation and processing procedures, Glut decreases but not entirely eliminates the antigenicity of tissue valves[57]. Collagen matrix (with cell debris and necrotic products) elicits a strong nonspecific inflammatory response, including infiltration by macrophages and eosinophils, followed by a lymphocyte T response[58]. Persistent antigenicity of bioprosthesis has been shown to continually stimulate graft-specific adaptive immune reactions with important biomaterial dysfunction[58]. The dysfunctional endothelial layer may also contribute to maintain the inflammatory status, probably through the reduced NO production and increased generation of reactive oxygen species and inflammatory cytokines[59].

  Glut itself also causes some degree of inflammation[60]. Additionally, inflammation and calcification are also linked. It has been shown that calcification is associated with the amount of inflammation, as lymphocytes and macrophages produce osteopontin (an important cytokine in the calcification process)[60]. Inflammatory and fibroblast signaling contribute to a pro-osteogenic environment (with the activation of quiescent VIC to the osteogenic VIC phenotype) and remodeling process, predisposing to dystrophic calcification[61].

  Host cardiovascular risk factors may also contribute to the inflammatory environment. Studies have demonstrated that some risk factors such as dyslipidemia, diabetes, or metabolic syndrome may modulate bioprosthetic degeneration through inflammation[46,47]. Analyses from the explanted prosthesis have also revealed that explants are usually infiltrated by oxidized low-density lipoproteins (LDL), beside inflammatory cells[62]. Indeed, patients with SVD have a tendency of higher triglyceride levels and high levels of small, dense LDL, which are associated with prosthetic dysfunction[62]. Moreover, Mahmut et al. [63] have shown that lipoprotein-associated phospholipase A2 (or Lp-PLA2), an enzyme that produces pro-inflammatory substances from LDL, is an independent predictor of SVD.

  Another important factor that has recently been associated with bioprosthetic valve dysfunction is alpha-gal. Alpha-gal (or galactose-alpha-1,3-galactose) is a carbohydrate found in most mammalian membranes, but not in humans. Humans normally display anti-gal antibodies due to antigenic stimulation, representing an important barrier to xenotransplantation[64]. Yet, alpha-gal epitopes are present in bioprostheses, even in decellularized tissues. It has been shown that the implantation of bioprostheses induce a specific immune reaction to the alpha-gal antigen, with the production of anti-alpha-gal antibodies[64]. The interaction between the circulating anti-alpha-gal antibodies and calcification of bioprosthesis has been established[50,51], but the contribution to long-term dysfunction is not yet completely understood. However, basic research continues and recent studies have shown that engineered pericardial tissue from alpha-gal-deficient pigs calcifies less in animal models[65]. Tissue valve investigation continues in order to design new tissues with less alpha-gal epitopes, and a genetically modified pig with no expression of alpha-gal has already been generated, but more studies are needed[66].

  New Generation of Aortic Bioprosthesis: Technology Specifications

  One important point in tissue valve engineering is the ability to develop new biological prosthesis with less static configurations and more biologically active tissues. So far, recent technologies have achieved better fixation and storage procedures (Table 1), but all of them fail to mimic biological activity of heart valve cells. Recently, two new bioprostheses (Inspiris® from Edwards Lifesciences® and Perceval Plus® from Livanova®) with two novel tissue treatments (Resilia® and FREE®, respectively) have been launched expecting less calcification and improved tissue durability.
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  Perceval Plus® is a bovine pericardial heart valve with a novel tissue treatment to reduce calcification: the FREE® treatment. FREE® treatment uses an alcohol mixture for phospholipids removal, combined with a post-sterilization amino acid treatment for the neutralization of unbound aldehydes, and final storage with an aldehyde-free solution[67]. FREE®-treated tissues have a reduced content of phospholipids up to 96%, comparing to Glut-treated tissues, combined with a significant improvement in the removal and neutralization of unbound Glut[67]. Tissues have less propensity to mineralization while maintaining the same mechanical and biochemical performance and stability of the conventional Glut-treated prosthesis[67]. In theory, FREE® treatment is an effective strategy to reduce bioprosthetic dysfunction. However, long-term outcomes in humans are still unknown.

  Resilia® is also a new tissue preservation technology, that uses stable functional group capping, ethylene oxide sterilization, and preservation by glycerolization[68]. This innovative technology does not avoid Glut use but reduces phospholipids content and residual chemicals from the valve tissues. There are also differences considering the storage of the tissues, using dry storage, which reduces the contact of the prosthesis with aldehyde-enriched solutions.

  Despite all these new and exciting tissue treatments to prevent calcification, we should keep in mind that it will take a long time to have the 15-20-year outcomes we now have for conventional Glut-treated tissues. Moreover, all these strategies are based on the reduction of free aldehyde groups and phospholipids content, reducing the chemical effects of Glut. As previously discussed here, chemical changes are just part of the complex process of biological prosthetic valves dysfunction, and new strategies to address mechanical and immunological changes in valve tissues must be addressed.

   

  CONCLUSION

  Biological prosthesis valve dysfunction is a clinically significant process. It has become a major issue and a hot topic considering the growing rate of bioprosthesis implantation and improved long-term patient survival.

  Although the biological prosthesis has important advantages over mechanical ones, durability is the major limitation of their implantation. The design and development of new biological bioprostheses must reproduce the structure, and, more important, the biology of native heart valves. Understanding the complex biologically functional and dynamic system of the heart valves will elucidate how bioprostheses can match their natural behavior. Every surgeon should be aware of their biological complexity to understand and discuss new tissue valve technologies to provide patients heart valves with improved durability and better performance.

  Biological heart valves have been used for more than 50 years, but bioprosthetic dysfunction remains a challenging and intriguing field, with an enormous quantity of work and research ahead in each of its subjects. SVD remains an interesting field because the pathophysiology of SVD is not yet completely known. Only in the past few years, studies have unveiled new biological pathways. And that is the reason why basic research on the pathophysiology of SVD remains crucial. We will only achieve new and efficient tissue development if we deepen our knowledge of the biological processes of native heart valves. Fortunately, research on tissue heart valves is now wide and covers several different fields, such as 1) the effects of Glut fixation, 2) non-Glut fixation, 3) mechanisms of calcification and non-calcification dysfunction, 4) anticalcification approaches, 5) biology of the valvular cells, and 6) tissue-engineered valves[39].

  Concluding, biological heart prosthetic dysfunction is a complex and multifactorial process, with biological, chemical, mechanical, and immunological factors. Chemical changes caused by Glut and the consequent bioprosthetic calcification have been the main target of tissue valve development. However, as pathophysiology has been explored, with more detailed knowledge on cell structure and function and on the inflammation associated with bioprosthetic valve implantation, new questions arise. SVD remains a challenging field of research and novel interventions and developments need to focus on strategies that target the cell and immune events responsible for degeneration and rejection of the tissues. Moreover, new tissues must keep some of the biological proprieties of native heart valves, since valve changes in conformation with the cardiac cycle and regeneration processes are essential, but many times forgotten aspects of SVD.
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    ABSTRACT

    INTRODUCTION: Neuromonitoring (electroencephalogram [EEG] and cerebral oximetry) is essential for appropriate anesthesia and neuroprotection assessment during pediatric cardiac surgery.

    METHODS: We describe the intraoperative pediatric multimodal and multiparametric neuromonitoring pattern of the software system Neuron-Spectrum (Kandel®) that consists of continuous electroencephalogram (cEEG), spectral analysis, amplitude-integrated electroencephalogram (aEEG), depth of anesthesia monitor (NINDEX), and regional cerebral and somatic oximetry (near-infrared spectroscopy-INVOS™). A physiological algorithm for management using neuromonitoring and physiological data is also described.

    RESULTS: Visual data examples are presented for interpretation of the cerebral perfusion and oxygenation, neurophysiological state, anesthesia depth, possible neurologic predictions, and identification of cerebral drug effects (EEG signature). Conclusion: The neuromonitoring model can be an effective tool for anesthesia control and to provide adequate cerebral oxygenation during surgery.

    Keywords: Neuroprotection; Child; Cardiac Surgical Procedures; Anesthesia; Electroencephalography; Near-infrared Spectroscopy.
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  INTRODUCTION

  Real-time neurologic and cardiorespiratory function, central temperature, inhaled anesthetic concentrations, and renal function monitoring should be an integral part of depth anesthesia monitoring and neuroprotective strategies for pediatric patients requiring major surgery, such as cardiac and major abdominal surgeries, particularly neonates. These allow swift and appropriate management to provide appropriate anesthesia level and drug combinations and detect and counteract cerebral oxygenation decreasing. Ideally, real-time monitoring should allow reliable, reproducible, and easy tasks for detecting adverse outcome events and their causes and adequate anesthesia level.

  In this article, we describe the multimodal and multiparametric Neuron-Spectrum software system (Kandel®) composed of continuous electroencephalogram (cEEG), spectral graphic (spectrum), spectrogram, amplitude-integrated electroencephalogram (aEEG), NINDEX (anesthesia depth monitor), and regional oximetry provided by near-infrared spectroscopy (NIRS) method (INVOS™), that we recently have established as a standard of care for pediatric patients undergoing cardiac and major non-cardiac surgeries to monitor anesthetic effects, cerebral oxygen supply, and cortical functional integrity (Figure 1).
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  MEASUREMENT OF CEREBRAL OXYGENATION/REGIONAL OXIMETRY (NIRS)

  The most frequently employed technique is the determination of regional oxygen saturation (rSO2) by NIRS and jugular venous oxygen saturation (or SjO2), representing regional and global (hemispheric) oxygenation. These two variables are highly correlated[1,2], describing the relation between cerebral metabolic rate of oxygen (CMRO2) and cerebral oxygen supply. NIRS has the advantage of being non-invasive and a dynamic marker in real-time, without requiring pulsatile signals, like pulse oximetry. This is especially useful during cardiopulmonary bypass (CPB) with hypothermia and during resuscitation after a cardiac arrest. The cerebral NIRS provides a reliable measure of venous saturation below the sensors, especially in small skulls such as those from neonates[3].

  The rewarming period during CPB and persistent hypotension during anesthesia carry the greatest risk for cerebral hypoxia regardless of appropriate arterial oxygen saturation (SaO2)[4]. As a single factor, regional cerebral oxygen saturation (rScO2) has the highest likelihood of detecting conditions associated with cerebral hypoxia. Cerebral desaturation may occur requiring aggressive management, but neither peripheral arterial oxygen saturation (SpO2), mean arterial pressure (MAP), or central venous oxygen saturation (SvO2) can predict it. In order to keep normal rScO2 (> 60%), a significant variation in the interactions between cerebral oxygen consumptions (central temperature, anesthesia depth), blood flow runoff (pulmonary shunt), arterial oxygen concentration (SaO2), arterial partial pressure of carbon dioxide (PaCO2), MAP and a wide variation in CPB flow, vasoactive drugs, and volume administration may be necessary. The increase of rScO2 associated with arterial hypertension may indicate an alteration in cerebrovascular autoregulation induced by hypothermia during CPB[2,5] (Figure 2).
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  FUNCTIONAL MEASUREMENT OF BRAIN ACTIVITY AND INTEGRITY

  Electroencephalogram (EEG) and Spectrum (Spectral Graphic)

  During the perioperative period of pediatric surgery, EEG monitoring permits the detection of neocortical synaptic activities. In addition to cerebral perfusion, the EEG pattern is influenced by cerebral temperature, alert state, anesthetic drugs, and age. EEG signals may suffer electric interferences and its interpretation is operator-dependent. However, some algorithms can be applied to reduce their complexity and the interpretation task. Visual analysis of EEG trace (voltage oscillations, µV), used by neurologists to access epilepsy or sleep disturbs, requires attention, experience, training, and is time-consuming, usually not suitable during anesthesia for cardiac surgery. Automated EEG analysis in time domain measures the amplitude (µV), frequency (Hz), and burst suppression (BS) rate. In frequency domain, spectral analysis process of fast Fourier transform decomposes the EEG oscillations (signals) to specifics physiologic amplitude and frequency bands: gamma (γ) consists of very rapid oscillations (> 30 Hz), associated consciousness, and perception; beta (β) (13-30 Hz) presents in patients awake and alert; alpha (α) (8-13 Hz) is observed in subjects relaxed with eyes closed; theta (θ) (4-8 Hz) is seen in light sleep; delta (δ) (1-4 Hz) is predominant during deep sleep, deep anesthesia, and coma; and slow (< 1 Hz). Fourier analysis of the EEG (spectral analysis) generates a series of numerical descriptors or parameters, including total spectral power (µV2) (overall signal variability), bands frequency relative power (µV2), spectral edge frequency (SEF) (90 %- the frequency under which occurs 90 % of the total power), median frequency (F50) (equal to SEF 50%), and percent of contribution for each band to total power, almost in real-time[6,7].

  Spectrogram (Anesthetic EEG Signatures)

  Since the spectrum or spectral graphic represents a single segment of EEG data and it is not stationary (it changes constantly), it can be computed in a successive spectrum of 3-second and 0.5-second overlap windows displayed as a spectrogram, which is an EEG activity tendency overtime displayed in the two-dimensional plot (frequency × time and power coded by color); it is practical and informative to readily observe a change of the EEG in time to an specific anesthetic dosing, called drug-specific signature, and balance of analgesia and arousal-provoking stimuli. For example, the two GABA-A agonists sevoflurane (at 1 minimum alveolar concentration [MAC]) and propofol (at hypnotic plasma concentrations) have the EEG similar signatures of slow-delta and alpha oscillations. However, sevoflurane > 1 MAC also produces theta oscillations, indicating a more profound state of unconsciousness, while dexmedetomidine EEG signature shows slow-delta and spindles that resembles stage II of non-rapid eye movement sleep[6,8] (Figure 3). Today, most brain monitors of anesthesia depth available in Brazil (bispectral index [BIS], NINDEX, and SedLine®), besides their specific indices, display the continuous EEG and the spectrogram (specific anesthetic EEG signature) that allows tracking the changes in anesthesia states and management.
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  Depth Anesthesia Monitor (BIS, NINDEX)

  BIS quantitate the cortical activity by spatial non-coherence presents a probabilistic relation with the depth of anesthesia and sedation, however, it is influenced by various drugs, temperature, and brain supply of oxygen and glucose. During cardiac surgery, besides general anesthetics routinely used in high doses (opioids and midazolam), profound hypothermia (< 28º C) may depress the EEG to an isoelectric point indistinguishable from that produced by profound ischemia. Other pathological factors, such as hypoglycemia, hypocapnia, hypocalcemia, and hyponatremia can profoundly affect EEG. The EEG can detect cerebral hypoxia but is significantly less sensitive than NIRS in detecting more subtle brain oxygenation[9,10].

  On CPB, processed EEG technology monitoring, such as BIS or NINDEX, is advantageous for anesthetic depth determination, since usual clinical signs of anesthesia are not available. BIS monitoring computes a number that ranges from mean awake values of 90-100 to zero (isoelectric) in adults, children, and infants. During hypothermia, BIS values are reported to decrease, reducing the anesthetic dose required to achieve BIS values of 40-60 (deep hypnosis levels). BIS monitoring is reported to help the detection of central nervous system hypoperfusion and cerebral embolism. BIS value is reported to increase during rewarming phase, perhaps reflecting higher conscious levels. Combined with NIRS, BIS helps to detect cerebral ischemia during cardiac surgery in children[9,11], and in adult cardiac surgery, anesthesia controlled by BIS monitoring may facilitate anesthetics agents titration, decreasing hemodynamics disturbances[11].

  EEG changes with brain maturation, it is quite fast in the first year of life and becomes like an adult after one or two years of age. Some specific features of pediatric EEG include slow and delta oscillations and spindles and discontinuity or trace alternant predominance in the neonate awake state. The dominant frequency and beta ratio increase with age, at 3-5 months of age it is 4-6 Hz and reaches 8-9 Hz at three years of age. The total EEG power reaches a peak at eight years of age. These EEG differences throughout infancy imply in developing age-dependent strategies to monitor children’s brain state properly, particularly neonates receiving general anesthesia. So that, BIS has low performance in predicting arousal during propofol, and remifentanil and inhaled anesthesia[12-14] have a poor correlation with sevoflurane concentrations in infants (< 1 year of age)[14]. Therefore, in our practice, we record the anesthesia depth index with the NINDEX in children older than one year. NINDEX is an anesthesia depth monitor software incorporated in the Neuron-Spectrum system. Like BIS, it has a proprietary algorithm that generates non-dimensional values 0-100, and the simultaneous reading of anesthesia depth runs in parallel with BIS, but with higher values than BIS during maintenance of anesthesia and some differences during induction and emergence of anesthesia (own observations). Perhaps, in infants, lower frequency components (low, delta, and theta bands in the spectrogram) and F50 can be useful to discriminate unconsciousness/awake states and predict arousal during general anesthesia[12].

  aEEG (Amplitude-integrated EEG)

  An innovative combination of NIRS and aEEG provides measures of the cerebral oxygenation, hemodynamic, and cerebral electrical function in response to cardiorespiratory intervention and anesthetic drugs[15], particularly in infants in whom BIS is not a reliable monitor of the depth of anesthesia.

  The aEEG is a simplified method for brain function monitoring that displays trended brain activity. It is widely used as a monitoring tool for cerebral activity in the neonate in intensive care unit. It offers continuous long-term monitoring of electrical brain activity, which access the background activity and detect the sleep-awake cycling and seizures. The raw cEEG is reported to be useful for depth anesthesia and brain functional integrity monitoring and can allow early prediction of neurological outcome, particularly in neonates with hypoxic-ischemic encephalopathy. The continuous display of the spectral graphic and anesthesia depth index (BIS or NINDEX) and SEF (95 or 90%) or median frequency (F50) can also provide indications of anesthesia depth and adequacy and cerebral functional integrity. It may also detect epileptic discharge and signs of hypoxia-ischemia[16,17]. However, special training is required for interpreting EEG findings. The aEEG is a quantitative processing derived from single or dual-channel cEEG recordings. aEEG findings can be easily interpreted by non-neurologists[16,17]. cEEG and aEEG are the best methods for detecting seizure activity which may be subclinical in manifestation or obscured by neuromuscular blockade[18].

  In our practice, EEG signals are recorded from one or two frontally placed electrodes corresponding to Fz (reference electrode), F8, or F7 (active electrodes), according to the international EEG 10-20 classification. The montage consisted of two channels: Fz-F8 and Fz-F7. The NINDEX montage consisted of EP1 (reference) and A1 (preauricular active electrode). The signal is amplified and filtered to activity < 2 Hz and > 15 Hz to minimize artifacts from sweating, movement, muscle activity, and electrical interference. The processed signals are presented on a semilogarithmic scale, rectified, smoothed, and time-compressed (6 cm/h). The bandwidth reflects the variation in maximum and minimum EEG amplitude. So, aEEG represents graphically the variation tendency, peak-to-peak, of EEG’s amplitude in a long period. The voltage activity is classified by voltage criteria (minimum, maximum, and average) (µV) and by background pattern recognition and classified in the following categories: continuous normal voltage (DNV), upper margin of ≥ 10-25 µV in term infants and lower margin of 5-10 µV; discontinuous normal voltage, lower margin < 5 µV and upper margin > 10 µV; BS, discontinuous trace with a lower margin between 0-2 µV punctuated by burst activity with amplitude > 25 µV; continuous low voltage (DLV), low amplitude trace with upper margin ≤ 5 µV and burst < 25 µV; and flat trace (isoelectric) (FT), traces without burst with amplitude < 5 µV[17,18] (Figure 4).
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  Some clinical applications include determination of brain maturation, background patterns, and sleep-awake cycles, examining the effects or impacts of sedation and anesthesia on the pre-term infants, seizure detection, and therapeutic monitoring[19,20] to determine the eligibility for therapeutic hypothermia in a neonate with hypoxic-ischemic encephalopathy[20]. The pediatric values of aEEG (background patterns) have been used for prediction of neurological outcome in neonates diagnosed with hypoxic-ischemic encephalopathy and pre-term infants with intraventricular hemorrhage, after major cardiac and non-cardiac surgery in the neonatal period[18,21]. In the neonate, the cerebral oxygen supply recovery measure by regional oximetry (rScO2) after a cardiovascular arrest, with simultaneous recovery of functional activity as measured by aEEG, can be a reliable indication of adequate neuroprotection (Figure 5).
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  EEG-derived monitors, or processed cEEG, are not frequently employed to investigate the depth of anesthesia in pediatric patients, particularly neonates[14]. Many anesthesia depth monitors interpret EEG frequency and time domains[22], whilst others evaluate EEG’s entropy[23]. The aEEG is obtained from cEEG, reflects peak-to-peak EEG fluctuations, and is obtained using an enveloped detection algorithm[24]. EEG characteristics of infants are quite different from older children and may explain why BIS monitoring tool to guide anesthesia depth in neonates is not appropriate[24]. General anesthesia in neonate produced variable and transient reduction on brain activity accessed by aEEG. After cessation of anesthesia, 78% recover the pre-anesthesia background pattern within one hour[24]. The dose or concentration of sevoflurane is associated with the level of reduction in brain activity. However, in children younger than two years of age, aEEG mean amplitude was not correlated to multiple sevoflurane MAC. On the other hand, BIS has some correlation in children older than one year of age. Nevertheless, the background patterns can be a useful indicator of depth anesthesia in infants rather than amplitude alone. During anesthesia in term neonates, the background activity may be reduced by one or two levels or remain constant (CNV) without burst activity[14].

  Early brain activity is essential for neuronal development[25]. Anesthesia causes relatively short depression of brain activity. One of the first cohorts calls attention to decreased language, comprehension and performance in children exposed to anesthetics before four years old[26]. Worldwide concerns have been raised on the potentially harmful effects of general anesthesia on a young infant’s brain. Food and Drugs Foundation and American Academy of Pediatrics have recommended reducing young children’s overall drug dosage. Probably, monitoring the brain activity by a processed EEG during anesthesia could ensure adequate dosing, reduce the risk of awareness, and shorten recovery[27].

   

  CONCLUSION

  wwNowadays, due to practical reasons, NIRS is the most frequently brain monitor used and it has been adopted as the endpoint in many algorithms[28] for hemodynamic and respiratory management during cardiac surgery to improve patient outcomes. Figure 6 shows an algorithm based on cerebral and somatic regional oximetry currently used in our routine. Various continuous monitoring modalities, such as regional oximetry (NIRS) and processed EEG (BIS or NINDEX), and physiological monitoring are complementary rather than exclusive. In our neuromonitoring system, the cEEG, spectral graphic (spectrum), aEEG, NINDEX (anesthesia depth index), rScO2/rSsO2, spectrogram (a tendency of spectral frequencies - Neuron-Spectrum, Kendal), and SEF (50%) are displayed and recorded in the same time frame, so the immediate (on real-time) synchronized trend curves can provide more useful clinical information. The placement of EEG electrodes and INVOS™ sensors is time-consuming, so a sensor with the electrodes built-in would reduce time and increase the quality of the monitoring. However, employing the monitoring pattern here described one should detect cerebral hypoxia-ischemia and loss and recovery of consciousness, establish the adequacy of surgical anesthesia at various ages range (neonates, infants, and children) and allows identification of cerebral drugs effects.
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    ABSTRACT

    The left ventricular aneurysm is a pathological condition defined as an akinetic or dyskinetic area of the left ventricle (LV) wall associated with reduced ejection fraction. The most common surgical technique to reconstruct a left ventricular aneurysm is endoventricular patch plasty (Dor procedure). In this case, endoventricular reconstruction of the left ventricular aneurysm using a double-layer extracellular matrix was performed.

    Keywords:´Left Ventricle; Heart Aneurysm; Extracellular Matrix; Stroke Volume.
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  INTRODUCTION

  The left ventricular aneurysm is a pathological condition defined as an akinetic or dyskinetic area of the left ventricle (LV) wall associated with reduced ejection fraction[1]. One of the most common surgical solutions for reconstructing a sizable left ventricle aneurysm is the endoventricular patch technique (Dor procedure). It improves the ventricle size and geometry, reduces wall stress and paradoxical movement, and increases the LV ejection fraction[2]. Commonly used materials as a patch for reconstructing the LV aneurysm are Dacron, bovine pericardium and Teflon. We present our experience in reconstructing the apical LV aneurysm using a double-layer extracellular matrix (ProxiCor for cardiac tissue repair, Aziyo Biologics, Roswell, GA, USA) endoventricular patch.

  A 61-year-old male was admitted to the hospital due to dyspnea symptoms, sharp chest pain during physical activity and profuse sweating. He had a history of ST-elevation myocardial infarction (STEMI) two years earlier, when he underwent primary percutaneous coronary intervention with implantation of two drug-eluting stents in the left anterior descending artery. The postprocedural period was uneventful.

  Cardio-specific enzymes (high-sensitivity troponin T and CK-MB) were in the referent range at admission to the hospital. Transthoracic echocardiography (apical four-chamber view) revealed a dyskinetic apical segment of the left ventricle (LV) and compression of the lateral apical wall and apical segment by an organized thrombotic mass measuring 110 × 47mm (Video 1). Ejection fraction was 25%, with akinesis of inferior, posterior and apical segments of the LV wall. The LV diameters were normal (LVESD 40 mm, LVEDD 55 mm). Multislice computed tomography revealed a giant aneurysm and thrombotic formation in a projection of the left ventricular apex measuring 101 × 63 mm with a cranial-caudal diameter of 65 mm (Figure 1A, B and C). Preoperative coronary angiography did not reveal significant coronary or in-stent stenosis.

  
  
    

    [image: Video 1]

  

  
  
    

    [image: Fig. 1]

  

   

  TECHNIQUE

  The surgical procedure was performed through a median sternotomy. Cardio-pulmonary bypass was instituted by ascending aorta and right atrial appendage cannulation. A blood cardioplegic solution was used to arrest the heart. A giant LV apical aneurysm was found after extensive dissection of the pericardial adhesions (Figure 2A). Longitudinal incision of the aneurysm and debridement of the thrombus were performed (Figure 2B). The rim of the aneurysm (the junction between the scar and viable myocardium around the entire circumference of the aneurysm) was detected, and the rest of the aneurismal tissue was trimmed to allow closure of the aneurysmal wall over the endoventricular patch. The ventricular wall defect was reconstructed using a double-layer extracellular matrix (ProxiCor) patch cut to a size sufficient to restore the average ventricular size (Figure 2C). The remaining aneurysmal wall was closed over an extracellular matrix using a two Teflon felts with double row 2-0 polypropylene running suture. There was no bleeding after surgical reconstruction.
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  During the early postoperative period, the patient had a short episode of disorientation, which was medically treated. The remainder of the postoperative period was uneventful, and the patient was discharged from the hospital on the 7th postoperative day.

  The control ECG-gated CT scan performed 30 days after the surgical procedure showed left pleural effusion without new pseudoaneurysm and local complications of the reconstructed ventricle (Figure 3). The 600 ml serosanguinous pleural effusion was evacuated.
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  DISCUSSION

  Less than 5% of patients after transmural myocardial infarction develop LV aneurysm[3]. Progressive heart failure, persistent angina, thromboembolism and uncontrolled recurrent ventricular arrhythmias indicate surgical reconstruction[4]. The primary aim of surgical treatment is LV “reshaping”, which improves cardiac function, symptoms and life expectancy. In the late 1980s, cardiac surgeon Vincent Dor developed the new surgical concept of LV aneurysm reconstruction using an endoventricular Dacron or pericardium patch. This technique has four advantages: it excludes the akinetic segment of the interventricular septum; restores the physiological geometry of the ventricular cavity; preserves the left anterior descending artery for coronary bypass; and eliminates the need for external prosthetic materials, which can cause persistent pericardial adhesions[1]. The routine reconstruction of the LV wall is performed using an autologous, homologous or synthetic material. The main disadvantages of autologous or bovine pericardium are postprocedural fibrosis, thickening, and calcification. They may result in pseudoaneurysm formation, tissue retraction and rupture after the surgical repair[5]. In addition, a synthetic material such as woven nylon (Dacron) could promote reactive inflammation and increase the risk of endocarditis[5,6]. After implantation, the material becomes incorporated by fibrotic encapsulation and cannot fully restore the functionality of the regional tissue[7].

  The novel biological material, an extracellular matrix, has been introduced in surgery due to its positive characteristics (durability, easy handling during surgery, and resistance to calcification, thickening or retraction), which has been increasingly used in recent years. Tissue remodelling and regeneration are shown in preclinical experiments and clinical practice. Pathohistological examination revealed that the extracellular matrix was replaced by organized collagen, neovascularization and reendothelization[5-8]. Yanagawa et al. [9] showed initial experience with interventricular repair using extracellular matrix. However, the short-term period (207±211 days) was uneventful. Patients with congenital heart disease who underwent cardiac surgery to reconstruct a pulmonary artery, right ventricular outflow tract, ascending aorta, and heart valve had no evidence of patch-related complications in the medium term[10]. There is no evidence of long-term results after LV reconstruction using an extracellular matrix patch. McCready et al. present long-term results after carotid artery reconstruction using multilayer extracellular patch to increase 0.3% of new formed pseudoaneurysms during 72 of months follow-up[11].

  Because of these characteristics, we decided to use the extracellular matrix as an endoventricular patch to reconstruct the LV. In addition, due to the risk of postoperative rupture and pseudoaneurysm formation, which were described as an early postoperative complication[12], we performed a double-layer Proxicor patch to reconstruct the LV aneurysm.

   

  CONCLUSION

  The extracellular matrix can be used as a substitute for a Dacron, bovine and autologous pericardium in the endoventricular reconstruction of the left ventricle aneurysm. In addition, the double-layer surgical technique could be implemented to increase the patch strength and prevent potential adverse events.
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    ABSTRACT

    INTRODUCTION: Combined solid organ transplantation is infrequently performed in Brazil. The objective of this article is to present our initial experience with combined heart and kidney transplantation.

    METHODS: From January 2007 to December 2019, four patients were submitted to combined heart and kidney transplantation. Their mean age was 55.7±4.4 years, and three (75%) patients were males. All patients had Chagas cardiomyopathy, two were hospitalized and inotrope dependent, and all patients were on preoperative dialysis (median of 12 months prior to transplant).

    RESULTS: All patients survived and were in New York Heart Association functional class I at the latest follow-up (mean 34.7±17.5 months). Mean retarded kidney graft function was 22.9±9.7 days. One patient lost the kidney graft two years after the transplant due to Polyomavirus infection.

    CONCLUSION: Our initial experience of combined heart and kidney transplantation was favorable in selected patients with advanced heart failure and end-stage kidney disease. It requires involvement of a dedicated multispecialty team throughout all the diagnostics and treatment steps.

    Keywords: Heart Transplantation; Kidney Transplantation; Heart Failure; Chagas Disease; Cardiomyopathies.
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  INTRODUCTION

  Combined solid organ transplantation including the heart is infrequently performed in Brazil. Published medical literature include only anecdotal reports[1], with no publication on the treatment of advanced heart failure and end-stage kidney disease with combined heart and kidney transplantation. Cardiorenal syndrome is frequent in advanced heart failure patients[2]. A particular subset of those presents with underlying kidney disease or even prolonged dialysis-dependent acute kidney injury, in which kidney recovery after isolated heart transplantation is less probable. Combined heart and kidney transplantation has been proposed as an attractive alternative of treatment of those patients[3]. United Network for Organ Sharing (UNOS) data[4] has shown that the number of patients on the waiting list with this modality of transplant is progressively increasing, as well the number of combined transplants performed.

  We aim to present our early experience with combined heart and kidney transplantation in Brazil.

   

  METHODS

  From January 2007 to December 2019, 276 patients were consecutively submitted to orthotopic heart transplantation. Among those, combined heart and kidney transplantation was performed in four patients (1.4%).

  Data were retrieved in part from the prospective heart transplantation and kidney transplantation registries and in part from each electronic patient’s medical record. These data were approved by the Institutional Review Board, which also approved their use for research purposes (COI 23681413.5.0000.0026) with patient consent waived.

  All patients had documented stage D heart failure with reduced ejection fraction, and they were listed for combined heart-kidney transplantation after fulfilling specific criteria[5] and receiving multidisciplinary team clearance. A consultation with a kidney transplantation team included clinical assessment of perfusion status, relevant hemodynamic parameters (invasive and noninvasive), detection of markers of intrinsic kidney injury, and a thorough investigation of alternative explanations for worsening renal function with renal ultrasonography and biopsy in one patient. A multidisciplinary discussion of risks and benefits aided in the decision to proceed with a combined heart-kidney transplantation. Brazilian Ministry of Health policies on combined transplantation listing and organ allocation determines that these patients must be listed as heart transplantation recipients, using the same criteria as other isolated heart transplantation recipients.

  All patients were submitted to complement-dependent cytotoxicity crossmatch before donor acceptance. For that reason, all donors were transferred to and were supported by our hospital in order to ensure appropriate heart function at the time of organ procurement and to minimize cold ischemic times.

  Organ procurement was performed in the same hospital as the implantation. All local donors are routinely transferred to our hospital for procurement. Patients were routinely monitored with a pulmonary artery catheter and intraoperative transesophageal echocardiography. First, orthotopic heart transplantation with bicaval anastomosis was performed with normothermic cardiopulmonary bypass and hypothermic antegrade blood cardioplegia for myocardial protection. Just after the end of heart transplantation, with the chest closed, kidney transplantation was commenced. Induction therapy with thymoglobulin was used in all patients, and the maintenance regimen was tacrolimus, azathioprine, and prednisone.

  Postoperative management followed institutional protocols, which include early extubation, hemodynamic support aiming cardiac index > 2.5 L/min/m2, central venous pressure < 10 mmHg, and pulmonary wedge pressure < 10 mmHg. Diuresis was > 50 ml/hour. Cardiac function is verified with bedside transthoracic echocardiography in case of clinical suspicion or altered parameters with invasive monitoring. Follow-up was obtained through medical consultations and appropriate tests. Surveillance endomyocardial biopsies were performed weekly in the first month, then monthly in the next five months, and every six months thereafter. Diagnosis of rejection follow the International Society for Heart and Lung Transplantation classification. We have completed follow-up of all patients.

   

  RESULTS

  Patients’ mean age was 55.7±4.4 years and three (75%) of them were males. Data is summarized in Table 1. All patients were in New York Heart Association (NYHA) functional class IV and Chagas cardiomyopathy was the primary cause of cardiac disease. Echocardiography revealed severely dilated left ventricles (mean end-diastolic diameter of 70±5.7 millimeters and mean end-systolic diameter of 58±7 millimeters) and poor function (mean ejection fraction of 22.4%±3.4%). Right heart catheterization showed a mean cardiac index of 1.6±0.5 L/min/m2, mean systolic pulmonary artery pressure of 51.5±7.9 mmHg, mean right atrial pressure of 19±6.7 mmHg, and mean pulmonary vascular resistance of 4.5±2.4 Wood units. Patients remained on the waiting list a mean of 138±97 days, and two of them were on priority status at the time of transplantation, being inotrope dependent.
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  All patients were on dialysis (median of 12 months) prior to transplant. Mean serum creatinine was 4.7±2.8 mg/dl and mean glomerular filtration rate was 20.4±14.4 mL/min/m2. Etiology of kidney disease was cardiorenal syndrome in two patients, organophosphate pesticide-induced nephrotoxicity in one patient, and undetermined in the last.

  Two patients had had panel-reactive antibodies prior to transplant. Mean donor age was 19.7±1.2 years and three (75%) were males. The causes of death were head trauma in three (75%) and hemorrhagic cerebrovascular accident in the last. Donors did not have any important comorbidities, and only one had active infection (nosocomial pneumonia). Mean cold ischemic times were 68.7±15.6 minutes. One patient developed severe primary graft dysfunction in the operating room because he failed to wean off cardiopulmonary bypass and required extracorporeal membrane oxygenation (ECMO). Kidney transplantation was performed with the patient on ECMO.

  Postoperatively, median duration of hospitalization was 52 days. Mean serum creatinine at hospital discharge was 1.4±0.5 mg/dl, mean retarded kidney graft function was 22.9±9.7 days, with an average of 23.7±2.6 sessions of post-transplant dialysis. One patient had kidney 2R acute cellular rejection two months after transplant, and active cytomegalovirus infection occurred in two patients. Mean follow-up was 34.7±17.5 months (variation 22 - 48 months). There was no death. One patient lost the kidney graft two years after the transplant due to Polyomavirus infection. All patients were in NYHA functional class I at the latest follow-up.

   

  COMMENTS

  The present data shows a single-center initial experience on combined heart-kidney transplantation in Brazil, which is the first published experience to date. Our data relates to a population of Chagas cardiomyopathy patients with stage D heart failure refractory to medical treatment. Both noninvasive and invasive markers of disease severity were consistent with the need for heart transplantation. Chagas cardiomyopathy is associated with frequent biventricular dysfunction[6] and arrhythmia-related sudden death, being an independent predictor of transplant waitlist mortality[7].

  Concomitant important kidney disease was determined in all patients because all were on dialysis (median of 12 months prior to transplant), among other findings. However, there were two different clinical profiles in our experience. Chronic primary kidney disease with long-term outpatient dialysis was present in patients 3 and 4. They were listed and waited at home with no signs of end-organ dysfunction. On the other hand, patients 1 and 2 presented with cardiogenic shock and end-organ dysfunction, with cardiorenal syndrome. They were initially stabilized with intravenous inotropes and developed worsening kidney function, with the need for hemodialysis. The decision to proceed with the combined transplant was driven by a combination of factors (need for dialysis ~ 2 months, low glomerular filtration rate, and small kidneys on abdominal ultrasound and biopsy in one patient). The decision was shared by a multidisciplinary panel of specialists. One may argue that bridging these patients with durable mechanical devices would potentially reverse end-organ dysfunction, opening the possibility of an isolated heart transplant in the future. Although this strategy is standard of care in many countries, it seems complicated in Brazil due to the unavailability of devices in the Brazilian public health system. Moreover, the type of mechanical support would be potentially a biventricular assist device or total artificial heart, giving the heart failure etiology.

  The most important issue to be discussed is patient selection; central to a discussion of combined organ transplantation is the question of whether native renal function will improve following heart transplantation alone. Kidney transplantation can be requested at time of heart transplantation or years after; however, no consensus exists regarding indications and timing for kidney transplant. A combined heart and kidney transplantation approach for treating coexisting end-organ failure at the time of heart transplantation has shown increased survival for both dialysis-dependent patients and patients with reduced preoperative glomerular filtration rate[8].

  However, there are no uniformly agreed upon criteria for selecting a combined organ transplant strategy over sequential or isolated organ transplant. A threshold of estimated glomerular filtration rate (eGFR) has been searched by several investigators as a guide that potentially justified combined transplantation. Previous studies recommend combined heart and kidney transplantation for patients with renal function in the interval from 33 mL/min[9] to 37 mL/min[10], but there is still no consensus about the threshold below which the combined procedure would be recommended. The International Society for Heart and Lung Transplantation consensus guidelines from 2016 do list an eGFR < 30 mL/min/m2 as a relative contraindication to heart transplantation (Class IIa, level of evidence: C), which serves as recommendation for combined heart-kidney transplantation[11].

  The most recent publication from the UNOS database[12] shows that patients with a preoperative eGFR < 30 mL/min or in dialysis achieved a longer survival with combined heart-kidney transplantation compared with sequential kidney transplantation after heart transplantation. Patients who required the latter strategy are usually those who after heart transplantation develop kidney failure due to calcineurin inhibitor nephrotoxicity. The median time between heart and kidney transplant was six years. All of our patients were on preoperative dialysis and had a mean eGFR of 20.4±14.4 mL/min, which supports the indication for combined transplantation.

  Cardiorenal syndrome was the most frequent cause of kidney failure in our patients. Because of combined transplantation is infrequently performed in our country, it is important to recognize that the eligibility of patients that would potentially benefit from this strategy is underappreciated in Brazil. Concurrent allocation of dual organs in these recipients appears appropriate and this has important implications for organ allocation, particularly because it utilizes two organs in one recipient. In Brazil, patients listed for combined heart and kidney transplantation remain in the heart transplantation listing with the same criteria of allocation and prioritization organized and regulated by the Ministry of Health. There are ethical issues related to combined transplantation due to scarcity of organs for every recipient. For that reason, strict and precise indications for combined transplantation are of paramount importance, particularly because of high mortality rates observed in advanced heart failure patients on the waiting list for isolated heart transplantation. Similar debate prevails in the indication of single lung transplantation in certain pulmonary diseases that enhances the number of treated patients, as opposed to double lung transplantation improves survival on less treated patients[13].

  It is certainly a more complex group of patients in terms of disease severity, and it is more complex to perform. It requires two surgical teams that do operate in sequence and it requires though a coordinated team with prolonged operating room time. In our center, we decided to limit to local donors only in order to minimize cold ischemic times, to test for real crossmatch, and to use induction therapy with thymoglobulin as a routine. On the other hand, there is experimental evidence to suggest that the greater mass of transplanted tissue may reduce rejection rates and promote graft tolerance[14].

   

  CONCLUSION

  In conclusion, our initial experience of combined heart and kidney transplantation was favorable in selected patients with advanced heart failure and end-stage kidney disease (Figure 1). It requires involvement of a dedicated multispecialty team throughout all the diagnostics and treatment steps.
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    ABSTRACT

    Sinus of Valsalva aneurysm is a very uncommon clinical finding and often requires emergency surgery due to its high risk of rupture. This educational text reports the case of a 91-year-old Italian women who was incidentally discovered to have a huge double aneurysm of the sinuses of Valsalva.
    Keywords: Valsalva Sinus; Aneurysm; Coronary Artery.
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  INTRODUCTION

  Sinus of Valsalva aneurysm is a very uncommon finding and often requires emergency surgery due to its high risk of rupture. This educational text reports the case of a 91-year-old Italian woman who was incidentally discovered to have a huge double aneurysm of the sinuses of Valsalva. The patient was admitted to the emergency department due to acute palpitation, chest pain and shortness of breath. Medical history revealed hypertension, dyslipidaemia and no other cardiovascular risk factors or previous event of cardiac arrhythmias. The admission electrocardiogram (ECG) showed the presence of atrial fibrillation with a pulse rate of 130 bpm, which was treated with intravenous infusions of amiodarone (bolus 300 mg/20 min and then continuous infusion of 900 mg/50 mL NaCl 0.9% at an infusion rate of 2 mL/h) that restored the normal sinus rhythm. Due to the anterolateral ST-segment depression (Figure 1A) and serum high-sensitivity troponin I levels (hsTnI) of 903 ng/L, the patient underwent a coronary angiogram. The right coronary artery was found to be free from stenosis, but during attempts to study the left coronary artery, an abnormal stagnation of contrast was noted inside the left sinus of Valsalva, therefore a computed tomography angiography (CTA) scan was performed in the suspicion of acute aortic dissection. The CT scan showed no signs of aortic dissection, but surprisingly revealed the presence of two huge and distinct dilatations of the left (5.5 × 5 cm) and right (4.7 ×4.2 cm) sinuses of Valsalva (Figure 1) that compressed the first segment of the left (Figure 1B, black arrow) and right (Figure 1C, white arrow) coronary artery. Basing on the CTA findings, the case was discussed by the Heart Team and based on the patient's age, incidental finding, and absence of urgent conditions requiring treatment, the Heart Team decided to address the patient to a conservative approach through medical therapy and cardiological follow-up.
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  Questions

  
    A. What was the cause of the acute onset of atrial fibrillation in a patient with no history of cardiac arrythmias?

    B. If the electrocardiogram did not show any signs of myocardial ischemia, would you have performed a coronary angiogram or a CTA?

    C. Regarding the treatment options, what would be the surgical challenges?

    D. What was the main reason for choosing the medical treatment?

  

  Discussion of the Questions

  The acute onset of atrial fibrillation in such an elderly patient with no previous history of cardiac arrythmias is usually related to high blood pressure rather than atrial enlargement related to mitral valve diseases (Question A).

  One of the most crucial points of this case was the presence of electrocardiographic signs of myocardial ischemia. If the ECG did not show anterolateral ST-segment depression along with abnormal serum troponin levels, restoration of sinus rhythm after amiodarone infusion probably would have not prompt clinicians to perform a coronary angiogram or CTA scan and the real problem would be missed. Idiopathic atrial fibrillation, indeed, is a common cause of palpitation, chest pain and shortness of breath in elderly patients (Question B).

  Due to the high risk of rupture, open surgery is usually the gold standard treatment. In this particular case, the patient should undergo a Bentall-De Bono procedure probably with a Cabrol technique to reimplant the coronary arteries. The sinus of Valsalva aneurysm has, in fact, moved the coronary ostia away from their natural position in relation to the aortic root, therefore the only way to reconnect them to the aorta would require the interposition of a prosthetic conduit. Considering the advanced age of the patient and her life expectancy, the procedure would have been very long and with a high risk of intra- and postoperative complications (Question C).

  The choice to address the patient for medical treatment only was driven by a multifactorial analysis based on the patient's age, the occasional nature of the finding, the high perioperative risk, the absence of signs of imminent rupture and the good blood pressure control at home (Question D).

  Brief Consideration of the Reported Case

  Sinus of Valsalva aneurysm (SVA) is an extremely rare finding, affecting about 0.09% of the general population[1], and is usually an incidental report. When symptomatic, SVA usually present with signs of aortic rupture, angina (due to compression of the coronary artery), cardiac arrhythmias or with symptoms related to the compression of the neighbouring structures. A recent review showed that, as observed in this case, atrial fibrillation was the most reported arrhythmia (9%), while myocardial ischemia was present in only 5 cases among the 53 reported and was related to the high SVA dimensions[1]. However, the reported review showed that the oldest treated patients that could be found in the literature were 84 years old[2]. To the best of our knowledge, this could probably be the oldest reported patient in which a double sinus of Valsalva aneurysm remains asymptomatic until 91 years of age, therefore, considering the good blood pressure control obtained by patients at home with medical therapy only, the Heart Team decision was in favor of periodic follow-up. Unfortunately, we do not know the exact etiology of the double aneurysm, although we think it could be a congenital anomaly or, less likely, a consequence related either to hypertension or to a previous dissection limited to sinuses of Valsalva.

  Learning Points

  
    • Even in the absence of signs of myocardial ischemia, atrial fibrillation may be the unusual presentation of evolving aortic root diseases, especially in elderly patients with hypertension.

    • Due to the high risk of rupture, urgent open surgery is usually the gold standard treatment for SVA.

    • SVA is usually an incidental finding and may be missed or undiagnosed in asymptomatic or even symptomatic patients.
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    ABSTRACT

    We present an unusual case of a 67-year-old woman with an incidental finding of a cardiac mass on a chest computed tomography. Coronary angiotomography confirmed the diagnosis of right coronary artery aneurysm, with 5.7×5.7 cm. The patient underwent aneurysm resection and coronary bypass surgery, with subsequent histologic study suggestive of arteritis sequelae. Giant coronary artery aneurysms have a high risk of complications and aneurysm exclusion must be beneficial. This is a rare condition that can also be part of a systemic inflammatory disease.

    Keywords: Coronary Vessels; Coronary Aneurysm; Coronary Artery Bypass; Tomography; X-Ray Computed; Incidental Findings.
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  CASE PRESENTATION

  A 67-year-old woman was referred to our hospital due to an incidental finding of a cardiac mass on a chest computed tomography (CT) during investigation of sudden dyspnea. She had normal sinus rhythm, with no ST-segment changes on electrocardiography.

   

  DISCUSSION

  Transthoracic echocardiography revealed a 6.3×5.9 cm anechoic mass, partially compressing the right chambers; cardiac function was normal, and no ventricular akinesia was found. Coronary angiotomography showed a saccular aneurysmal dilatation in the middle segment of the right coronary artery (RCA), with 5.7×5.7 cm, associated with a calcified mural thrombus (Figure 1), without significant coronary stenosis. Investigation with whole-body CT scan and cerebral magnetic resonance imaging excluded other vessel aneurysms.

  
    

    [image: Fig. 1. A) Coronary computed tomography angiography showing a saccular aneurysm with a partially calcified mural thrombus. B) Three-dimensional reconstruction confirming that the mass was supplied by the right coronary artery. ]

  

  The patient underwent surgery through full sternotomy, with resection of a giant RCA aneurysm and exclusion of both entrance and exit ostia (Figure 2). Coronary artery bypass surgery was performed with a saphenous vein graft to the RCA. Histologic study was suggestive of arteritis sequelae represented by diffuse thickening of intimal and medial layers with fibrosis, and destruction of the elastic laminae (Figure 3).

  
    

    [image: Fig. 2. Intraoperative view of aneurysm exclusion. ]

  

  
    

    [image: Fig. 3. Photomicrograph of right coronary artery with sequelae of arteritis. Destruction of the elastic laminae (black color). a=coronary adventitia; I + M=intimal and medial layers; L=coronary lumen]

  

   

  CONCLUSION

  Patients with giant coronary artery aneurysms are at high risk of complications and must benefit from aneurysm exclusion[1]. This is a rare condition, and atherosclerosis accounts for half of the cases in adults; however, it may also be part of a systemic inflammatory disease[2], as presented in this case.
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    ABSTRACT

    Epicardial cysts are rarer benign tumors than pericardial cysts. There have been few reports on surgical management of epicardial cysts. A 17-year-old normotensive boy presented with chest pain and palpitations, which on evaluation was found to be a mediastinal mass (pericardial cyst). Surgical resection of the cyst via thoracotomy was planned. The cyst was diagnosed as an epicardial cyst intraoperatively. However, due to the epicardial origin of cyst and posterior adhesions, resection was done via midline approach. The base was formed by visceral pericardium and eroding into myocardium of left ventricle, so the resection was concluded with on-pump surgery. In case of erroneous diagnosis or undesirable finding, a safer midline approach with on-pump surgery, as an alternative to minimally invasive approach for complicated epicardial cysts (erosion into ventricle/lying in close proximity to important structures or near to coronary arteries) should be considered.
    Keywords: Pericardium; Mediastinal Cyst; Chest Pain; Myocardium; Coronary Vessels; Thoracotomy.
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  INTRODUCTION

  We hereby report a case of a giant epicardial cyst eroding into the left ventricle which simulated a pericardial cyst on preoperative assessment.

  Case Report

  A 17-year-old boy with no previous medical or surgical history presented with chest pain and off and on palpitations. Clinical examination revealed normal respiratory and cardiac examinations but elevated jugular venous pressure. Echocardiography revealed a large cyst (7×6.8×7 cm) around the posteroinferior part of mediastinum and extending laterally. Magnetic resonance imaging (MRI) revealed a well-defined cystic mass lesion in the posterior, inferior and lateral aspect of left cardiac border appearing hyperintense on short inversion time inversion recovery (STIR) sequences and hypointense on T1 sequence (Figure 1).

  
    

    [image: Fig. 1. MRI in transverse section and sagittal view showing a well-defined cystic mass in the posterior and lateral portion abutting the left cardiac border. ]

  

  Therefore, a pericardial cyst removal via small thoracotomy was planned. Thoracotomy was done but pericardium was found to be normal, except adherent posteriorly and superiorly, and the cyst appeared to be epicardial in origin. Therefore, we planned to proceed via median sternotomy with cardiopulmonary bypass (CPB). The cyst was found to be pushing the ventricles anteriorly. In addition, the mass was adhered to the pericardium and the base was formed by visceral pericardium and myocardium of the inferior wall of the left ventricle. The cyst was most tightly attached to the left ventricle inferiorly. Thus, it was thought to have originated from the posteroinferior portion of the left ventricle (LV). Dissection of the mass was difficult because of adhesions and proximity to the posterior descending artery.

  Cyst wall was thick and with feeder vessels over the surface (Figure 2A). It was completely dissected and excised near its attachment. Inspection of the floor showed certain erosion of myocardial tissue, and the thickness of ventricular wall was attenuated. The cyst was trimmed, and multiple bleeding points along the cut edges were controlled with suture ligatures. The edges were then plicated over the attenuated ventricular wall with sutures to reinforce it (Figure 2B).

  
    

    [image: Fig. 2. (A)Intraoperative image depicting large size of cyst and feeder vessels over the surface. (B)Postoperative image showing cyst floor with erosion of myocardial tissue and plicated edges. ]

  

  Histopathology revealed a single layer of mesothelial cells. In addition to blood and lymphatic vessels, smooth muscle cells, lymphocyte infiltration, and fibrosis were observed (Figure 3). The follow-up echocardiogram after 2 months did not show any abnormalities and the patient is clinically stable with no symptoms.

  
    

    [image: Fig. 3. Histopathological images showing a single layer of mesothelial cells and blood and lymphatic vessels, smooth muscle cells, lymphocyte infiltration, and fibrosis. ]

  

   

  COMMENT

  Pericardial cysts are uncommon benign tumors, which account for 7% of all mediastinal tumors with an incidence of 1:100,000[1-3]. Most are asymptomatic and found incidentally on chest radiographs. Seventy percent are located in the right cardiophrenic angle, 22% are in the left, and the remainder are in the anterior or posterior mediastinum[4]. It is usually composed of a single layer of flat or cuboidal mesothelium containing a clear, yellowish fluid[1,5].

  Epicardial cysts are much rarer than pericardial cysts, and their surgical management has seldom been reported. The surgical indications are when the cyst becomes symptomatic, infected or possibly malignant, grows progressively and compresses important adjacent structures[2,6].

  Herein, we report our experience with a posteroinferior epicardial cyst that was successfully resected with on-pump surgery. In our patient, excision was complicated because the cyst was in close proximity to the posterior descending artery. Resection followed by adequate evaluation and reinforcement of the thinned ventricular wall could not be accomplished without CPB. To avoid injury to the artery, we decided to operate with CPB support. CPB may be required when the cysts compress surrounding structures or erode the ventricular wall and coronaries[2,3,7]We suggest that the surgeon must be aware of the possible need for CPB in such situations.

  Preoperative differential diagnosis between a pericardial cyst and an epicardial cyst is challenging because they cannot be differentiated on computed tomography (CT)[5]. Although MRI is useful to differentiate cysts from other cardiac lesions, it also cannot differentiate between pericardial and epicardial cysts. This should broaden the spectrum of the potential appearance of differentials such as epicardial masses. The role of cardiac magnetic resonance in tissue characterization to avoid erroneous preoperative diagnosis may have diagnostic importance.

  Coronary CT or angiography might be considered especially with regard to the degree of adhesions and location of the coronary vessels. However, it may not always exclude the possibility of coronary involvement because some literature reported epicardial cysts with coronary vessel involvement and need for CPB to resect those cysts despite having negative findings[1,2].

  Video-assisted thoracoscopic surgery/thoracotomy may be the first option but when invasion of important structures, including the left ventricle and coronary artery is suspected, median sternotomy with CPB should be considered. Off-pump resection may be indicated for uncomplicated cysts[8].

  In our case, we were concerned about adhesions and proximity of the cyst to surrounding structures, thus the less invasiveness of the thoracotomy was not considered beneficial enough to outweigh the risks associated with inadmissible complications. Steady progression of the pathology and inflammation seem to be the reason for adhesions between the cyst and the pericardium. Surgical resection in CPB may be a better option when the cyst lies near important structures/erosion of the ventricular wall.

  The primary take-away lesson from our reported incidence is that, despite detailed preoperative investigation and assessment, misdiagnosis of cardiac masses cannot be completely ruled out and erratically may completely simulate another condition which can change the therapeutic approach. In such a situation, the surgeon should act patiently and should prefer an approach which can be best for the patient.
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  Dear Editor, I read with great interest the Carrascal et al. [1] study centralizing the much-required clinical focus on     the risk-factor modulation of a peculiarly multi-factorial cardiac surgery-associated     acute kidney injury (CS-AKI). Despite a prospective consecutive evaluation of a large     homogenous cohort (elderly patients undergoing valvular heart surgery) in the index     study, certain points require authors’ comments and clarification to enhance the     lucidity of their findings.

  
    i. While preoperative diabetes mellitus did not emerge as a baseline risk-predictor of CS-AKI (19.7% and 15.6% incidence in AKI and non-AKI population, respectively), the lack of elucidation of perioperative glucose homeostasis in the present study captivates attention, particularly when poor glucose control has been linked to an enhanced propensity for CS-AKI owing to an augmented oxidative stress, endothelial dysfunction and systemic inflammatory response[2-4]. Moreover, the authors also fail to delineate their institutional perioperative glucose management protocol.

    ii. Talking of the hemodynamic predisposition to CS-AKI, there are additional caveats that merit elaboration. It is noteworthy that systemic venous hypertension has been demonstrated to be associated with poor renal outcomes in cardiac surgical patients manifesting as a congestive renal failure, as an elevated central venous pressure (CVP) is potentially transmitted backwards, reflecting as an accentuated renal venous pressure (RVP) which reduces effective renal perfusion pressure (mean arterial pressure-RVP), accelerating AKI progression. The aforementioned is heralded by the results of the study by Palomba et al. [5] aimed at developing the ‘Acute Kidney Injury in Cardiac Surgery’ (AKICS) score, which adequately outline the superiority of postoperative CVP and low cardiac output as independent risk factors in predicting CS-AKI over other hemodynamic variables. Across the cardiac surgical population, the risk of AKI doubles once the postoperative CVP reaches a threshold value of 14 mmHg[5]. Ahead of the fact that estimated CVP at 6 h postoperatively has been found to be significantly associated with CS-AKI in the non-congested cardiac surgical subset[6], possible links should definitely not be overlooked in valvular heart disease patients included in the present study who can be particularly prone to postoperative systemic venous congestion[7].

    iii. Lastly, the lack of comparative account for inotropes-vasopressors in the AKI and non-AKI groups or a standardized inotrope-vasopressor study protocol requires consideration while interpreting the findings.
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  Dear Editor,

  We carefully read the comments of dear colleagues Cengiz Beyan and Esin Beyan[1]. about our article titled “Mean Platelet Volume and Related Parameters May not Contribute to the Diagnosis in Patients with Ascending Thoracic Aortic Aneurysm”[2].

  Beyan et al. [1] commented that “The control group did not consist of healthy volunteers, and it was made up of individuals who applied in the hospital at the same time. The fact that the control group is not composed of healthy volunteers and does not represent the society makes it difficult to interpret the results obtained. ”. Our study results have a statistically significant value, and while we have excluded the patients previously diagnosed with hematological malignancy, chronic obstructive pulmonary disease (or COPD), autoimmune liver disease, cirrhosis, metastatic bone marrow infiltration, acute or chronic inflammatory disease — such as physical trauma, tonsillitis, asthma, rheumatoid arthritis, and active hepatitis —, and current or recent treatment (in the past three months) with oral or intravenous steroids or other medications that might cause pancytopenia from the control group according to their background, it is possible that all the exclusion criteria cannot be made in a retrospective study and that there can be pre-analytical and analytical errors, but this does not change the statistical difference.

  Additionally, Beyan et al. [1] tried to draw attention that mean platelet volume (MPV) is a complete blood count parameter whose measurement has not been standardized to date and, therefore, it has been reported to have no role in diagnosis and prognosis of acquired diseases according to a study, but there are many studies about the prognostic value of MPV in many clinical diseases. Vardon-Bounes et al. [3] reported that MPV was an independent predictive factor of 90-day mortality. They suggested that continuous monitoring of MPV may be a useful parameter to stratify mortality risk in septic shock. Ma et al. [4] reported that high MPV can be considered as an independent biomarker for predicting three-month mortality in patients with hepatitis B virus-related decompensated cirrhosis. Lee et al. [5] indicated that MPV measurements may be used as a prognostic marker of mortality in intensive care unit patients with pneumonia.

  İt is a fact that MPV can increase after the blood has been in contact with ethylenediaminetetraacetic acid in the blood tube. Beyan et al. [1] supported this fact with the study by Jackson SR et al. [6]. In that study, it was mentioned that “Following the collection of the blood to the blood tube, as soon as the platelets come into contact with ethylenediaminetetraacetic acid, which is used as an anticoagulant, their diameters increase up to 30% within the first two hours”. However, our emergency department is a three-step emergency service that provides 24-hour service, the blood tests requested from the patients are delivered to the laboratory within 2-3minutes and are processed. The time is not suitable for the enlargement of MPV.

  For all the reasons explained above, we respectfully disagree with the opinions of our colleagues Cengiz Beyan and Esin Beyan.
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Table 1. Distribution of patient characteristics

Patient 1 Patient 2 Patient 3 Patient 4
Gender Male Male Female Male
Age (vears) 56 62 54 51
Cardiac etiology Chages Chagas Chagas Chagas
Kidney etiology Cardiorenzl Cardiorenal ‘Undetermined Pesticide-induced
NYHA Class W) [ W [
Inotrope dependence Yes Yes No No
Time on dialysis (months) 2 2 2 214
Time on waiting lst (days) % 75 290 134
PRA () o o 45 2
Preoperative creatinine (may/d) 22 23 74 67
€GFR (mL/mirvm2) 32 362 65 129
LVEF () 23 272 0 )
LVEDD (mm) 76 68 63 7
LVESD (mm) 61 55 50 66
Cardiac index (Lminv/m2) 108 151 162 232
PASP (mmHg) 40 55 53 E)
RAP (mmHg) 18 3 10 2
PVR (Wood units) 238 366 81363 388(136')
Recipient blood type o o o A
‘Donor blood type o o o A
Donor sex Male Male Female Male
Donor age (years) 18 2 0 2

eGFR—estimated glomerular filtration rate; LVEDD—left ventricular end-diastolic diameter; LVES
LVESD=left ventricular end-systolic diameter; NYHA=New York Heart Association; PASF
PRA=panel-reactive antibodies; PYR=pulmonary vascular resistance; RAP=right atial pressure

*values between brackets with infusion of sodium nitroprusside

left ventricular ejection fraction;
uimonary artery systolic pressure;
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Video 1 - Apical four-chamber view of tansthoracicechocardiography
revealed anterolateral and apical giant aneurysm and thrombotic
formation.
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Fig. 3 - Spectrogram of a frontal channels (Fz-F8) recording during anesthesia for atral septal defect correction of @ seven-year-old patient
‘maintained with remifentanil (0.1-0.3 ug/kg/min), dexmedetomidine (DEX) (1 pg/kg/h), and sevoflurane (SEV) (expiratory concentrations: 0.5
2.2%). DEX corresponded to a period when no sevoflurane was administered, and a typical DEX-eleciroencephalogram (EEG) signature (delta
frequency band dominance) could be seen. SEV (2.2 %) was given after weaning off the cardiopulmonary bypass (green line), producing the
sevoflurane EEG signature (delta and alpha frequency bands dominanc).
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Fig. 1 - Parameters exhibited vertically in @ 10-minute trend window: A) continuous electroencephalogram; B) spectral graphic (spectrum); C)
amplitude-integrated electroencephalogram (aEEG): D) 15c02: £) NINDEX and F)-spectrogram, recorded at Fz-F8 channel from a two-years old
‘patient undergoing ventricular septal defect repair.
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Abbreviations, acronyms & symbols

kM8 = Creatine kinase-M8
a Computed tomography

ECG = Electrocardiogram

w = Leftventricle

wWESD = Leftventricular end-systolic diameter
LVEDD. = Leftventricular end-diastolic diameter

STEMI = ST-elevation myocardialinfarction
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Fig. 6 - Logfiles review of power consumption (Watt) i the HVAD.
Data are presented as scatter plots: mean values with standard
deviations are at the bottom. Energy was significantly higher in
Group B vs. Groups C and A (P<0.00001); the difference between
Group A and Group Cdid not reach statisticalsignificance (P=0.5)
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Fig. 2 - Neonate cerebral/somatic regional oximetry (1Sc02/1S502). Recovery of the desaturation after interuption of the pulmonary runoff
by patent ductus arteriosus (PDA) closure during a Jatene surgery. The 1ScO2 behaviors a the end of the surgery might indicate an increase.
in the cerebral blood flow due to cerebrovascular autoregulation distuption and increase in blood pressure. CPB=cardiopulmonary bypass;
15c02=regional cerebral oximetry
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Table 2. Echocardiography data at baseline and after aortic valve replacement.

Baseline Echocardiogram | Follow-up Echocardiogram
Aorta (cm) 3434 (+0551) 3293 (+0575) -
Left atrium (cm) 4241 (+0842) 4308 (+0727) -
LVEDD () 5088 (+0818) 4829 (+0793) 0004
Interventricular septum (cm) 1403 (+0249) 1208 (+0234) <0001
LVPW (cm) 1347 (+0258) 1.160 (+0249) <0001
RWT (cm) 0535 (+0.125) 0486 (+0.126) 0003
LVMI (g/m2) 179372 (+83903) 1245801 (+40700) <0001
VDV (ml/m2) 75921 (+37517) 63713 (+27691) 0001
Mass/volume 2577 (+1244) 2175 +0922) 0014
LVEF (%) 0560 (+0.188) 0588 (+0.139) 0087
PAP (mmHg) 40.110 (+ 14.868) 33320 & 11.009) -
Maximurn gradient 76290 (+20707) 24900 (& 12408) -
Medium gradient 48270 (+ 13643) 15,840 (+9575) -

LVDVI=left ventricular diastolic volume index; LVEDD=left ventricular end-diastolic diameter; LVEF=left ventricular ejection fraction;
LVMi=left ventricular mass index; LVPW-=left ventricular posterior wall; PAP=pulmonary artery pressure; RWT=relative wall thickness
*Students t-test or Wilcoxon-Mann-Whitney U test
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Fig. 6 - Physiologic algorithm approach to reversal cerebral oxygen desaturation during pediatrc cardiac surgery. A) Cerebral/somatic
desaturation (1ScO2/rSs02< 40%).Step 1 - veriy the positions of entra, arterial, and vena cava catheters;Step 2 - adjust mean arterial blood
pressure within 20% ofthe pre-indiction levels or > 40 mmHg for neonates and > 50 mmtig forinfants. Diastolic and systolic rterial pressures
and arteral pulse waveform may guide volume, inotropic, and vasopressor drugs adrministration; tep 3 - adjust the ventilation parameters,
increase the fraction of inspired oxygen, and reduce the pulmonary vascular resistance; Step 4 - correct hypocapnia (PaC02< 30 mmHg) to
obtain a PaC02 of 35-45 mmHg; and Step 5 — consider giving blood transfusions if hemaglobin (Hb) < 10g% or hematocrit < 30%.B) Ifselective
cerebral hypoxia ensues after correction the systeric hypoperfusion and oxygenation. Step 1 — correct hypocapnia; Step 2 - increase the
anesthesia depth (hypnotics) and analgesia (opioids). Anesthesia electroencephalogram (EEG)-based monitor such as BIS (40-60) or NINDEX
(values between 50-70) can beusefulinchildren > 1 year of age,butin nfants, predominance o slow-delta powerobservedinthe spectrum and
spectrogram (EEG anestheticssignature) and lower background of amplitude-integrated EEG are more reliabl. Step 3 - avoid hyperthermia
(central temperature > 37 C°* and decrease to less than 35°C to reduce cerebral oxygen consumption and perform neuroprotectior Step 4~ i
aseizureis detected, it will e treated with midazolarm, which is normally used during cardiac surgery; tep 5~ consider neurologic assessment
and magneic resonance imaging or computed tomography scan to access cerebral edema or hematoma and intracranial hypertension.

Hypoglycemia, hypocalcemia, and hyponatremia should be monitored since they may cause significant EEG depression. ICP=intracranial
pressure; MAP=mean arterial pressure; SpO2=pulse oximetry; univ (univentricular); biv (biventricular)
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Fig. 2- Left ventricular function pre-and post-aortic valve replacement.
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oximetryinaneonatedter cardiovasculararrestduring Transposition
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accessed by amplitude-integrated electroencephalogram (aEEG).
CLV=continuous low voltage: CNV-=continuous normal voltage.
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Aortic Valve Replacement
2014-2018
260 patients
Previous Aortic valve replacement: 26 (10%)
Aortic Insufficiency: 21 (8.0%)
Sub-valvar stenosis: 2 (0.7%)
Infective Endocarditis: 4 (1.5%)
207 patients
Age < 18 years: 1(0.3%)
Insufficient Echocardiogram data: 86 (33.0%)
No access to patient files: 5 (1.9%)
115 patients
—.l Periprocedural Death: 24 (9%)
Final Analysis
91 patients
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Fig. 1 - Patient inclusion algorithm. SAVR=surgical aortic valve replacement; TAVR=transcatheter aortic valve replacement
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Table 1. Overall population characteristics.

Variable n (%)
Sex, female 32 252%)
Hypertension 50 (648%)
Diabetes 24 26.4%)
Dysipidemia 36 395%)
Smoker 10(11%)
Chronic renal disease 26 (258%)
CAD 44 (48.4%)
Previous MI 15 (16.5%)

‘CAD=coronary artery disease; Mi=myocardial infarction
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Fig. 3 - Left ventricular geometry representation. Normal geometry: RWT < 0,43 and LVMI < 105 g/cm2. Concentric hypertrophy: RWT > 043
and LVMI > 105 g/c?. A=baseline; B=follow-up; RW T=relative wall thickness; LMI=left ventricular mass index; SAVR=surgical aortic valve
replacement; TAVR=transcatheter aortic valve replacement
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Fig. 3 - Photomicrograph of right coronary artery with sequelae of
arteritis. Destruction of the elasti laminae (black color). a=coronary
adventita; -+ M=intimal and medial layers; L =coronary lumen
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Table 1.Basic characteristics of 30 patients with severe ortic
stenosis undergoing surgical treatment

Median age in years (range) 67(30-79)
Gender,N (%)
Male 17436)
Female 22 (564%)
BMI (kg/m?) 285341
Hypertension, N (%) 33 846%)
Dyslipidemnia, N () 19487)
Type Il diabetes mellitus, N (%) 9(231)
NYHA,N (%)
] 30069)
[ 7079)
W 1(003)
CCS.N 66
[ 300769)
i 1(003)
] 7079)
[ 1(003)
Mild aortic regurgitation, N (%) 12 308%)
Mild mitral regurgitation, N (%) 9(231%)
Medications, N (%)
ACEinhibitors 32(049)
AR 5(129)
88 32(049)
8 7079)
Diuretics 7079
ASA 35897
Statins 37(049)
CABG. 903
Carotid artery disease, N (%) 307)
Type of implanted valve, N (%)
Bioprosthetic 18462)
Mechanical 6(154)
Reconstruction 15 385)

‘ACE=angiotensin-converting enzyme; ARB=angiotensin
receptor blockers; ASA=acetylsalicylc acid; BB=beta-
blockers; BMi=body mass index; CABG=coronary artery
bypass grafting; CAD=coronary artery disease; CCB=calcium
channel blockers; CCS=Canadian Cardiovascular Society;
ECG=electrocardiogram; LVH=left ventricular hypertrophy;
lew York Heart Association
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‘and disadvantages. OR=operating room.
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Table 2. Correlation between preoperative LVGLS and LVRR echocardiographic parameters.

Correlation coefficient [ Pvalue
GLs Rp0507 04153 00010
sd Rp0462 01886 00031
S5 Rp0429 02549 000064
WvPWd R,0356 01055 00263
WVPWs Rp0343 01732 00323
LVEF R,—0326 04272 00430
[ R.05% 3810 00006

“Only echo parameters with a regression coefficient >0.3 are shown.

#LVM was excluded from analysis in favour of the BSA corrected value, the LVMI

GLS=global longitudinal srain; VSd=intraventricular septal thickness in diastole; VSs=intraventicular septal thickness in systole;
LVEF=left ventricular ejection fraction; LVPWd=left ventricular posterior wall thickness in diastole; LYPWs=left ventricular posterior
wall thickness in systole; LVMI=left ventricular mass index; Ry=Pearson's correlation coefficient; Re=Spearman's rank correlation
coefficient
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Table 3. Echocardiography parameters associated with LVRR. Postoperative comparison of normal GLS (n=13) versus abnormal GLS
(n=26) subgroups*

Parameter Mean difference + [95% CI] i’::‘;:’: P-value
GLS (%) —3825[1.756 to 5893] 127 00061"
AVAI 0.1050 [-0.1407 to 03507] 029 03920
C (Umin/m?) 0.1500 [-03754 to 06754] 020 05664
LVEF (%) —4.577 [-8.155 to —0.9985] 088 00136
LVFS (%) —2.113[-5644 10 1.419] 041 02331
1vsd (mm) 1654 [05747 to 2.733] 105 00036
IVSs (mm) 203804131 to 3664] 086 00154
LVEDv index (ml/m?) 2837 [-9411t01509] 0.16 06414
LVESv index (ml/m?) 3492272810 9712] 039 02626
LVEDd (mm) 3577 [-04584t07612] 061 00807
LVESd (mm) 3.192 [-0.3377 t0 6.722] 062 0075'

LVPWd (mm) 1.115 [0.1347 to 2.096] 077 00269"
LVPWs (mm) 1.077 [-03762 to 2.530] 0s1 01417
RWT 001462 [-0.03801 to 0.06724] 018 05770
LV mass index (g/m?) 21.25 [-9.300 to 5340] 088 000222
LA volume index (ml/m?) ~21[-1132t07.119] 0.16 064717

*Postoperative comparison between sub-groups, ‘ormal GLS" versus “abnormal GLS, are based on a preoperative GLS cut-off value
of ~189%.

Student’s t-test.

Mann-Whitney test.

AVAI=aortic valve area index; Cl=cardiac index; GLS=global longitudinal strain; VSd=intraventricular septal thickness in diastole;
Wss=intraventricular septal thickness i systole; LA=left atrium; LV=left ventricle; LVEF=left ventricular efection fraction; LVEDd=left
ventricular end-diastolic dimension; LVEDv=left ventricular end-diastolic volume; LVESv=left ventricular end systolic volume;
LVPWG=left ventricular posterior wall thickness in diastole; LVPWis=left ventricular posterior wallthickness in systole; LVMI=left
ventricular mass index; RWT=relative wall thickness
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Supplemental Table 1. Echocardiographic assessment of aortic valve stenosis severity.

Parameter e Pt Mean difference + [95%Cl] Povalue
AV ) 408:081 2262068 1816667 (152695410 2.10638] 00001
AV mean PG (mmHg) 37.7:151 1314671 24669231 20277947 10 29060514] 00001
AVA () 074016 1711064 0930231 [1.140747 t0-0.737715] 00001
VA (e 042:000 092:036 0494142 [0,605465 10 -0.382819] 00001
Velocity ratio 024010 048:018 0234282 10299867 10 0.168697] 00001
“AVA=30rtc valve area; AVV,yaortic vave maximalJet velocity; PG mean—sortic ransvalvular mean pressure gradient
Supplemental Table 2. Comparison of echocardiographic parameters of LV systolic function.

Parameter "(xz‘gf P:”ﬂ:;""g:’,’“ Mean difference + [95%Cl] Pvalue
LVEDd (mm) 52034758 51082603 0948718 [1.11751910 3014955] 03585
LVESd (mm) 33872706 32442529 1435897 [0385427 103257222] 01188
Vsd (mm) 15514220 12334174 3179487 12470562 10 3 888413] 00001
Vs (mm) 18494230 16132253 2358974 1532562 103.185387] 00001
PWd (mm) 13004221 11282150 1717949 [1.156735 10 2279162] 00001
PWs (mm) 16514307 14645214 1871795 [1.105482 10 2638108] 00001
LVEDVI (ml/m?) 7006:2381 654341761 4630762 1992858 10 11254383] 01651
LVESVi (mL/m?) 273541223 24392907 2966168 0283569 106.215905] 00724
LVEF 39) 6164722 63182557 11538462 [3.76931 0 0.692387) 01708
LVFS (%) 3695992 36672516 0276951 2382619 10 293652 08342
SV index (mL/m) 3724926 3819:1080 094958 [5000994 10 3.101816] 06379
O Umin/m) 2631063 2631076 000076 [0.28403 10 0.285551] 09057
MAPSEa (mL/m) 10381237 13284275 2898074 [ 3615348 10 -2.182601] 00001
WMi (@/m?) 3’ 216314845 147743703 68646338 [49.510472 10 87.773204] 00001
WMi (@/m) Q 150344730 11979:3381 30419468 [15.18258 t0 4565635] 00005
RWT 0512011 045:008 006221 [0026731 10 009769] 00001

diac index/cardiac output indexed to BSA; VSd=intraventricular septal thickness in diastole; VSs=intraventricular septal
thickness i systole; LVEDG=left ventricular end-diastolic dimension; LVESd=left ventricular end-systolic dimension; PWd=posterior
wall thickness in diastole; PWs=posterior wall thickness i systole; LVEF=left ventricular ejection fraction; LVESGVi=eft ventricular
end-systolic dimension volume indexed to BSA; LVESVi=left ventricular end-systolic volume; LVFS=left ventricular fractional
shortening; MAPSEa=mitral annular plane systolic excursion; LVMi-left ventricular mass indexed to BSA; RWT=relative wall
thickness; SVi=systolic volume indexed by BSA
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Suplemental Table 3. Comparison of echocardiographic parameters of LA volumes and function,right heart and diastolic LV

function,

Porameter ey | emeomssD)” e dfrence - 9551 Pralue
LAVi (ml/m?) 433441036 437381326 0394292 [-4270921 to 3482336] 0838
/A atio 088037 102:033 -0.138378 0273611 t0-0.003146] 00452
DT (ms) 2212426298 195.02+5748 26216216 2954565 to 49.477867] 00283
IVRT (ms) 789642899 790042178 0521739 [-12.568526 to 11.525048] 09292
e'septal (cm/s) 5624112 6694151 11147222 1661105 to-0633339] 00001
€lateral (cm/s) 6424150 7994188 -3.113880 [-4257644 t0-1970134] 00001
average (cnv/s) 603£1.20 7304146 2823908 1043912 to 4603903] 00028
E/e'septal 5614231 675£2.40 0697291142512 t0 2537093] 04468
E/e'lateral 618£247 9341243 -3.11389 4257644 t0-1970134] 00008
E/eaverage 5934226 813:1.92 2823908 1043912 to 4603903] 00028
RA (mm) 35412542 35564561 -0.153846 [-1827602 t0 151991 08554
RV (mm) 32512575 33384555 0.128205 [-1 430296 to 1686706] 08686
TAPSE (mm) 18362361 1713309 1230769 [0.064732 to 2.52627] 0062
PAPs (mmtg) 26312930 25974973 0333333 [257305 0 3230717 08176

LAVi=maximum left atrial volume indexed to BSA; DT:

eceleration time; £ velocity—early mitral inflow velocity; & velocity—early

diastolic mitral annular tissue Doppler velocity; VRT=isovolumetric relaxation time; LAi=left atrial diameter indexed to BSA;
PAPs=systolic pulmonary artery pressue; RA=right atrial diameter; RV=right ventricular diameter; TAPSE=tricuspid annular plane

systolic excursion
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Fig. 2 - Serum Rho-associated kinase (ROCK)-1 activity of the
groups. CAD=coronary artery disease
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Table 2. Correlation between biochemical parameters.

RhoA | ROCK-1 | MDA 0D T TG oL HDL

rvalue 0550 0587 575 0542 0569 0507 0464

Rhoh Pvalue <0001 | <0001 | <0001 | <0001 | <0001 | <0001 | <0001
rvalue 0550 0728 717 05% 0665 0603 0602

B Pvalue | <0001 <0001 | <0001 | <0001 | <0001 | <0001 | <0001
rvalue 0587 0728 0656 0736 0721 0524 608

s Pvalue | <0001 | <0001 <0001 | <0001 | <0001 | <0001 | <0001
rvalue 575 717 0656 0587 0658 0514 0538

s Pvalue | <0001 | <0001 | <0001 <0001 | <0001 | <0001 | <0001

igh-density ipoprotein; LDL=low-density lipoprotein; MDA=malondialdehyde; ROCK=Rho-associated kinase;
uperoxide dismutase; TC=total cholesterol; TG=triglyceride
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Fig. 3 - Serum malondialdehyde (MDA) levels of the groups.
(CAD=coronary artery disease.
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Fig. & - Serum superoxide dismutase (SOD) activity of the groups.
CAD=coronary artery disease.
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Table 1. Characteristcs of the study group.

Variable Value
Male, % (N) 71(66)
Age, years, mean (SD) 605
Diabetes, % (N) 36634
Hypertension, % (N) 100(93)
1 vessel 656
Coronary artery disease, % (N) Jreses o
3 vessels 46243)
LM disease 204(19)
1 graft 970
Bypass grafts, % (N) 2ot =
3 grafts 37665
4 grafts 220)
Smoking history, % (N) 34432
BMI, kg/m?, mean (5D) 289467
Atial fibrillation (paroxysmal or chronic), % (N) 85
ProADM, nmol/], median (Q1-Q3) 091(063-152)
EuroSCORE Il %, mean (SD) 134(078)
Cardiopulmonary bypass time, min, mean (SD)* 602(18.1)
Aortic clamping time, min, mean (SD)* 343023
Troponin, ng/ml, median (Q1-Q3) 02(01350448)
Preoperative LVEF, 3%, mean (5D) 5803 (253)
Postoperative LVEF, group without decrease in LVEF, % mean (D) 5595 (203)
Postoperative LVEF, group with decrease in LVEF, %, mean (SD) 419(5.19)
Postoperative LVEF, total, % mean (SD) 5331 (621)

*For N=83 (explanation in the text)
BMI=body mass index; EuroSCOR
ejection fraction;

ropean System for Cardiac Operative Risk Evaluation; LM=left main; LVEF=left ventricular
number of patients; proADM=proadrenomedullin; SD=standard deviation





OPS/images/artigo1.png
% BJCVS

BRAZILIAN JOURNAL
OF CARDIOVASCULAR
SURGERY

EDITOR-IN-CHIEF

Prof. Dr. Paulo Roberto B. Evora - PhD
Ribelrao Preto - SP - Brazil

CO-EDITOR
Prof. Dr. Walter José Gomes - PhD
S&o Paulo - SP - Brazll

FORMER EDITORS

«Prof.Dr. Acib . Jtene - S50 Patio BRA) [1986-1996] in memoriam
+Prof. D Fabio Jatene- P~ 30 Paulo (BRA) [1996-2007]

«Prof. Dr. Dormingo M. Brlle - 520 Paulo (BRA) 2003-2020]in memoriam

ASSOCIATE EDITORS

BASIC AND EXPERIMENTAL RESEARCH
+Enio Buffolo - 530 Paulo (BRA)

+Luiz elipe Pinho Moreira - 530 Paulo (BRA)
~Otoni Moreira Gomnes - Belo Horizonte (BRA)

CARDIAC STIMULATION AND ELECTROPHYSIOLOGY
+José Carlos Pachén Mateos - 530 Paulo (BRA)

CARDIOVASCULAR REGENERATIVE MEDICINE
~Gabriel Liguori - S0 Paulo (BRA)
+Paulo Roberto Slud Brofman - Curitiba (BRA)

CARDIOVASCULAR REHABILITATION
+Solange Guizilini - 530 Paulo (BRA)

CORONARY ARTERY BYPASS SURGERY
«Nelson Hossne - S3o Paulo (BRA)

GENERAL ADULT CARDIOVASCULAR SURGERY
« Henrique Murad - Rio de Janeiro (BRA)

« Luiz Antonio Rivet - 530 Paulo (BRA)

+Marcela da Curha Sales - Porto Alegre (BRA)

EVOLVING TECHNOLOGIES IN CARDIOVASCULAR SURGERY
«Tomas A Salerno - Miami (USA)

PEDIATRIC AND CONGENITAL HEART SURGERY
+Leonardo Augusto Miana - 530 Paulo (BRA)
+Orlando Petrucei Jr.-Campinas (BRA)

“Vinicius José da Silva Nina - 530 Lus (BRA)

PERIOPERATIVE CARE FOR CARDIOVASCULAR SURGERY
«Clévis Carbone Jinior - Ribeirio Preto (BRA)

STATISTICS
+Marcos Aurélio B. de Oliveira - Sinop (BRA)
+Orlando Petrucei Jr. - Campinas (BRA)

SURGERY OF THE AORTA
+Eduardo Augusto Victor Rocha - Belo Horizonte (BRA)
+Eduardo Keller Sazdi - Porto Alegre (BRA)

+Jodo Carlos Ferreira Leal - 520 José do Rio Preto (BRA)
+Luciano Cabral Albuguerque - Porto Alegre (BRA)

SURGERY OF THE HEART VALVES
«Manuel de Jesus Antunes - Coimbra (PRT)

SURGICAL TREATMENT OF CARDIAC FAILURE
+Juan Carlos Chachaues -Paris (FRA)

PERFUSION
+Prakash Punjabi - London (LK)






OPS/images/a13img3.png
Table 2. Comparison of patients with single and two-vessel CAD with patients with three-vessel CAD and CAD with LM disease in

terms of proADM.

Severity of CAD N Mi Max. | Mean | Median | SD | Mann-Whitney UTest
ProADM A 3 041 294 097 074 062 z=19%6
(nmol/) B 62 033 328 126 104 073 P=0054

‘A=single or two-vessel CAD; B=three-vessel CAD or CAD with LM disease; CAD=coronary artery disease; LM=left main; N=number

of patients; P=test significance; proADM=proadrenomedullin; SD=standard deviation;

—Mann-Whitney U test stati
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Fig. 1 - Schematic representation of the proadrenomedulli (proADM) gene?. DNA=deoxyribonucleic acid; MR-proADM=midde fragment of
proadrenomedullin; PAMP=proadrenomedullin N-terminal 20 peptide.
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Fig. 2-(intracperative image depicing large size of cyst and feeder vessels over the surface.
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Table 3.Occurrence of adverse events in the perioperative period.

Sudden cardiac Hear | Need touse pressure | Occurrence |
Adverse event | Death | arrest with effective | STEMI [NSTEMI | ° aminesinthe | of AF (first
failure | | amines in e . LVEF = 10%
resusci perioperative period | episode)
Number 0 0 0 0 0 6 2 7

‘AF=atrial fbrilation; LVEF=left ventricular ejection fraction; NSTEMI=non-ST-clevation myocardial infarction; STEMI=S-elevation
myocardial infarction
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Fig. 2 - Comparison of patients with a significant decrease in left
ventricularejection fraction (LVEF) > 10%andpatients with preserved
efection fraction in proadrenomedullin (proADM) concentration.
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Table 1. Search strategy used in PubMed®,

(Intensive care” OR “Critical care” OR “Intensive care unit" OR"Critical iliness" OR "Care, Critical” OR"Care, Intensive" OR
“Surgical Intensive Care” OR"Care, Surgical Intensive” OR Intensive Care, Surgical’)

#

(‘Early Ambulation”OR"Accelerated Ambulation”OR ‘Ambulation, Accelerated” OR Ambulation, Early”OREarly Mo-
bilization"OR"Mobilzation, Early” OR"Exercise" OR "Physical Activity” OR "Activities, Physical” OR "Activity, Physical” OR
“Physical Activities" OR"Exercise, Physical” OR Exercises, Physical” OR Physical Exercise” OR "Physical Exercises” OR "Acute
Exercise” OR "Acute Exercises”OR Exercise, Acute” OR ‘Exercises, Acute” OR "Exercise, Isometric” OR "Exercises, lsomet-
ic” OR "lsometric Exercises” OR “lsometric Exercise” OR “Exercise, Aerobic” OR "Aerobic Exercise” OR "Aerobic Exercises”
‘OR"Exercises, Aerobic” OR "Exercise Training” OR "Exercise Trainings” OR "Training, Exercise”OR Trainings, Exercise” OR
“Motion Therapy, Continuous Passive" OR ‘Movement Therapy, Continuous Passive” OR “Passive Movement Therapy,
Continuous" OR"Continuous Passive Motion Therapy” OR "Passive Mation Therapy, Continuous"OR"Continuous Pas-
sive Movement Therapy” OR"CPM Therapy” OR“CPM Therapies”OR "Therapies, CPMOR Therapy, CPM" OR Resistance
Training)

5

(*Procedure, Cardiac Surgical” OR"Procedures, Cardiac Surgical OR "Surgical Procedure, Cardiac” OR"Surgical Proce-
dures, Cardiac” OR “Surgical Procedures, Heart” OR “Cardiac Surgical Procedure”OR Heart Surgical Procedures”OR "Pro-
‘cedure, Heart Surgical” OR "Procedures, Heart Surgical” OR “Surgical Procedure, Heart” OR "Heart Surgical Procedure” OR
“Cardiac Surgery)

#

#1 AND £2 AND #3 AND.
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Fig. 1-Flowchart of tudiesincluded inthis systematic review. ICU=intensive care unit
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Abbreviations, acronyms & symbols

ADM = Adrenomedullin

AF Atral fibrillation

Auc Area underthe curve

BMI Body mass index

CABG Coronary artery bypassgrafting

cAD Coronary artery disease

a Confidence nterval

B Gardiopulmonary bypass

DNA Deoxyribonudeicacid

EuroSCORE = European System for Cardiac Operative Risk Evaluation

GFR
™

Glomerular filtration rate
Leftmain

wWEF ~Leftventricular ejection fraction
ALVEF = 10 points% = Decrease in LVEF atleast 10 percentage points
‘compared to the value before surgery

MR-proADM Middle fragment of proadrenomedullin
NSTEMI Non-ST-elevation myocardialinfarction
PAMP Proadrenomedullin N-terminal 20 peptide
ProADM Proadrenomedullin
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Table 4. Main outcomes of the included studes.

Author

Main outcomes

Borges etal!"”, 2016

Functional capacity was maintained in the intervention group. A significant difference in
functional capacity was also found in intergroup analyses at hospital discharge.

Cacau etall, 2013

Intervention group showed lower reduction in functional performance, decreased pain score,
higher energy level, shorter hospital length of stay, and higher GMWT distance.

Herdy etal ™, 2008

Intervention group had shorter time to endotracheal extubation, decreased incidence of pleural
effusion, atelectasis, pneumonia, and atrial ibrllation or flutter, and reduced hospital length of
stay.

Hirschhorn et all'%, 2007

Intervention group had significantly higher 6MWT distance at hospital discharge.

Hojskov etall'9, 2019

No significant differences between groups in 6MWT. Anxiety and depression were decreased in
intervention group.

Lordello et al, 2020

No significant difference was found in the total number of steps between the groups. However,
self.reports indicated better motivation i the intervention group.

Mendes etal"7, 2010

Intervention group presented signiicantly higher parasympathetic HRV values, global power,
non-finear HRY indexes and mean RR. Higher values of mean HR, LF (sympathetic actiity), and the
L/HF (global sympathovagal balance) were found in control group.

Pantoni etal', 2016

Intervention group had increased exercise fime, better thoracoabdominal coordination, increased
ventilation during walking, increased SpO2 values at the end of walking, and reduced dyspnea
e

Silva et all’, 2017

Reduction of MIP in both groups, while the maximum expiatory pressure did not reduce in the
intervention group. There was no change in the MAC and decrease in spirometry values in both
groups at hospital discharge.

Stein etall'9, 2009

Intervention group maintained MIP measured at 7 and 30 days postoperatively, while it was,
significantly reduced in the control group. SMWT distance was higher 7 days after cardiac surgery
in intervention group. V02 peak at day 30 was also higher in the intervention group.

Tariq etall", 2017

I the intervention group, there was an improvement in dysprea, respiratory rate, and oxygen
saturation,

Ximenes etal®, 2015

Intervention group maintained functional capacity at hospital discharge measured by GMWT,
while control group had a significant decrease.

Windmoller et al. %, 2020

Functional capacity decreased in both groups, without significant difference in the intervention
group. ICU length of stay was lower in the intervention group. In both groups there was a
decrease in maximal inspiratory and expiratory pressures, as well s in the 1-min sit-to-stand test
on the fourth postoperative day compared to the preoperative period.

Zanini etal, 2019

“The BMWT distance on the sixth postoperative day was significantly higher in groups which
included early ambulation and upper and lower limbs exercise, remaining higher at 30 days
post-discharge. Peak VO2 on day 30 was also higher in in the same groups. All groups achieved
similar recovery of lung function

‘6MWT=6-minute walk test; HF=high frequency; HR=heart rate; HRV=heart rate variabilly; ICU=intensive care unit; LF—low

frequency; MI
oxygen; VO:

aximal inspiratory pressure; MRC=Medical Research Council; RR:
ygen uptake

Rintervals; SpO2=saturation of peripheral
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Table 2. Characteristics of the included studies.

‘Author Sample | Age (years) | Sample characteristic | Objective
To evaluate whether the 2ddition o serobic exercise
Borgesetal®”, 2016 31 | 627156 | Aduitsundergoing Cag | during hospitaization improves ung function espi-
ratory muscle strength, and
functional capacity
Adults under 75 years,
Cacauetal”, 2013 6 | 506125 |undergoingCABG orvaie | o Svaluate the use of vitual ey in
functional rehabtation
surgeries
To evaluate the efects of ardiopulmonary rehabil-
Herdy etal, 2008 s6 | sossos |Aduitsimthepreoperative | ion before and after surgery in
period of CABG
postoperative outcomes
To sssess whether a supervised walking
Hirschhor et a1, 2007 8 | c29:89 |adutsundergoingcang | Programwith or without musculoskeltalor
tespirtory exercses can improve walking capacty
and other outcomes
To 35585 the impac of phases 1 and 2of
- cardiovascular ehabiltation on functionliy, physi
Hojskov etalr™, 2019 A GRS MMEWROEGOEG e
depression,seep, pan,and quaity offe
To evaluate the efectof eary use of cyde
‘Gama Lordelo et ¥, 2020 28 577113 ‘ﬂ“ undergoing CABG.  { ergometer compared with conventional
and/or valve surgeries therapy, on in-hospital mobility
To determing whether 3 short exercie protocol
Mendes etal?, 2010 a7 59:85 | Aduts undergoing CABG | during in-hospitalcaciac rehabltation can improve
cardiac autonomic reguiation
Pantonietal’, 2016 27| s7sse73 | AduitsundergoingCag | 10 @vluate the effectivenss of CPAP on th fistday
of waking
Adultundergoing dlecive
cardiscsurgery
(cortectons of congenital | To check the cardiorespiratory repercussions of ealy
Siva etal™,2017 1o 52417 | heart diseases, CABG, valve | sittng out of bed and s effects on musce strength,
surgeries, and/or assocated | functonal capaciy, and pumonaryfunction
sugical
procedures)
To evaluate the efectof 3 cardiopulmonary ehabl-
Stein et L€, 2009 20 | 63565 |AdutsundergoingCag | 10N Program on nspiratory musclesirength and
is possble ssociaton with
maimum and submaximal functional capacity
To determine the efectof physica acvites (< 3
Tarigetal”, 2017 17| siomzs | Adutsundergaing CABGOr | e, in the immediste postoperative period on
valve surgeries respiatory and hemodynamic parameters
Ximenes et a7, 2015 3| 60368 |AdutsundergoingCagg | O Svalute the efecs of early
resisance exercse
To evaluate the efectveness of e
=
Windmoller et 2., 2020 3 w07 | adusundergongan | 2 uete e o
To evaluate the efect of different rehabiltation
Zaninietal, 2019 40 | ses:625 | Adusundergoing CABG | protocolson pumonary function and
functionsl capacity

‘CABG=coronary artery bypass grafting; CPAP=Continuous positive airway pressure; METs=metabolic equivalent of task

‘Age data were expressed by mezn + standard deviation
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Table 3. Early mobilization protocols in patients undergoing cardiac surgery.

Authors Mode Intensity Frequency Duration Progression
ICUrtwice daily | 1stand 2nd POD: 10
Active and assisted exercises and progressive [ As much as minutes
jes etal ¥, 2016 . Time
e walking + active cycle ergometer possible’ Wardonce daily | From the 3rd POD: 20
minutes
Cacauetall”, 2013 ﬂirﬁ‘i;:;“'% andmobiizztionusing | g NR NR Progressive METs
Herdyetalp o0s | Progressive exercises passive, walking,and | Once daily R 24METs

climbing stais)

1% POD: marching on the spot (3 x 1 minute)
and siting out of bed

2™ POD: assisted walking (300 meters in the
morning and 5 minutes in the afternoon)

- Variable, depending
Hirschhorn et all"8, 2007 [ 3 POD:assisted walking (at least 5 minutes [ org: 3.5.4/10 Twice daily on the patient’s

inthe condition
morning and afternoon)

Increased walking
distance and time

47POD until discharge: supervised walking
with increments of 2.5 minutes, as tolerated,
up to 10 minutes

1%t0 7*"POD: walking, shoulder and neck

nﬂl
Hojskovetall™, 2019 |\ ii2ton, and cycle ergometer

NR NR NR NR

Cycle ergometer of upper and lower limbs.
Gama Lordelloetal!®, | After drain remova, progressive activiy for
2020 arthostatism, sitting on the chair, and walking
in the ICU corridor

NR Twice daily 10 minutes NR

Active-assisted exercises

STEP 1: 5 x 10 repetitions in Fowler's position

STEP 22 x 15 repetitions in sitting position

Mendesetal,2010 | STEP 3:3x 15 repetitions in sitting position E*E[’i'S;OHbR: MR once daiy NR 2104 METs
STEP 4:3 15 repetitions in sitting position + | & Pm
10 minutes of walking

STEP 5:3 x 15 repetitions in orthostatism + 10
minutes of walking + climbing 4 loor of stars

CPAP (10-12 cmH20) during exercises
1% POD: upper and lower extremity exercises

'31POD: active exercises and 5 minutes of |
walking Exercise HR=HR
47 POD: active exercisesand 10 minutes of | /25t +20bpm

walking

5POD: 10 minutes of walking and stair
training

Pantoni etal], 2016 Twice daily NR 2104 METs

Sitting out of bed at 1st POD, active

Silva et all'?], 2017
exercises, and progressive walking

NR NR 30 minutes NR

1% POD: hip and knee flexion (2 x 15
repetitions), upper limbs active exercises
(fexion and abduction up 90°-2x 10
repetitions), knees and wrist flexion and
extension (3 minutes each)

2 POD: marching on the spot after
mediastinal drain removal (3 x 1 to 3 minutes) f o ™ ™
'31%POD: walking - 100 to 200 meters

4" POD: walking - 200 to 300 meters

5 POD: walking - 300 to 400 meters and
climbing 15 steps

6" POD: walking - 500 to 600 meters and
climbing 15 steps

Stein et all'®, 2009 Walked distance

Immediate postoperative period: sitting on the
edge of bed (assisted by the physiotherapist)
Tarig et al!'7, 2017 for 5 minutes. Orthostatism (1-2 minutes), NR NR NR <3METs
marching on the spot (10 steps), and sitting on
the chair (90 minutes)

Positioning (45" on
Borg (oesnot [ icUtwicedally |4 o bed, stting on the
specify value) Ward: once daily edge of bed and
orthostatism)

Ximenesetal™,2015 [ Resistance exercises and progressive walking

Cycle ergometer with CPAP (10 cmH20) (once
daily, from 2nd to 4th POD) + exercises:

STEP 1: supine - active exercises

STEP 2:stting - active exercises

STEP 3: orthostatism - passive stretching of
lower limbs and walking (35 to 60 meters)

STEP 4: orthostatism - passive stretching of
Tower limbs and active stretching of upper
imbs, walking (60 to 100 meters), and cimb-
ing 1 floor of stairs

Resting HR + 30

Winghmibes ot 13,200 SIFE S oethontalban sctvestmictiog g |

per and lower limbs, active exercises, walking
(100 to 150 meters), and climbing up/down 1
floor of sairs

Twice daily 20t030minutes | 26METs

STEP 6: orthostatism - active stretching of up-
per and lower limbs, active exercises, walking
(150 to 200 meters), and dimbing up/down 2
floors of stas

STEP 7: orthostatism - active stretching of up-
per and lower limbs, active exercises, walking
(> 200 meters), and climbing up/down 3 floors
of stairs

Group - active exercises (shoulders, ips,
knees, and ankle flexions), IMT, progressive
walking, and conventional therapy Active
Zanini et al 12019 Group 2: active exercises (shoulders, hips, Borg: 11/20 Twice daily NR '"‘;""‘m'“’“ sefies
knees, and ankle flexions), progressive walking, ;;‘ Ik'fPE;'“"“

and conventional therapy alking: distance

Group 3:IMT and conventional therapy

‘CPAP=continuous positive airway pressure; HR=heart rate; IC
reported; POD=postoperative day

j=intensive care unit; MT=inspiratory muscle training; METs=metabolic equivalent of task; NR=not
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Fig. 4 - Logfile recording of a thrombotic event in a HVAD. Power
consumption (red line) and blood flow (green line) surge abruptly
well above nomal range (red arrow). These logiles features
are typical of an intra-pump thiombosis. From the beginning
of thrombolyss, @ decrease of these parameters back down to
normal values takes place (yellow arow). LPM=liter per minute;
VAD=ventricular assist device
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Fig. 5 - Logfies review of blood flow (1/min) i the HVAD. Data are
presented as scatter plots; mean values with standard deviations
are at the bottom. Flows in Group B vs. Group C and Group A
(P<0.00001) were significantly higher No significant difference was
found between Groups A and C (P=0.5).
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Fig. 2 - Maximal low velocity (cr/sec) recorded by transthoracic
echocardiography four-chamber view. Data are presented as
scatter plots; mean values with standard deviations are at the
bottom. Differences in Group 8 vs. Groups C and A are highly
significant (P<0.00001); no significant difference between Groups
AandC(P=05).
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Table 1. Selected baseline characteristics of the patients.

Characteristics WFU (n=45) OFU (n=45) P-value

Age (years) 3274122 3214121 0829
Male 06) 27(6000) 29 (6444) 0828
VSD size (mm) 4554189 4584157 069
VD occluder size (mm) 5004230 568171 0726
city 16(35.56) 194222) 0666
Rural 29 (6444) 26(5778)

Parents'education (%)

Less than high school 25 (55.56) 27 (60.00) 0831
High school and above 20 4444) 184000)

‘OFU=outpatient follow-up; VSD=ventricular septal defects; WFU=WeChat follow-up
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‘Abbreviations, acronyms & symbols
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Table 2. Comparison of the results between the two groups at the three-month follow-up.

WFU group OFU group Pvalue
Medication adherence 43 (95.56%) 35 (77.78%) 0027
Time consumption (min) 12959+1374 3941124023 0009
Economic cost (CNY) 37527+4249 4700747867 0035
Lostto-follow-up rate 0 0

Satisfaction score 428+085 3664102 0041

CNY=China Yuan; OFU=outpatient follow-up; WFU=

WeChat follow-up
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Table 3. Comparison of the results between the two groups at the one-year follow-up.

WFU group OFU group Pvalue
Medication adherence - - -
Time consumption (min) 1189441761 3816344531 0007
Economic cost (CNY) 3737444122 4793548926 0032
Lostto-follow-up rate 2 (444%) 264.44%) 1000
Satisfaction score 4361076 351+1.10 0037
CNY=China Yuan; OFU=outpatient follow-up; WFU=WeChat follow-up
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Fig. 3 - Effects of diferent concentrations of rapamycin or
paclitaxel administration on HASMC-derived foam cels. a:
I-1Bb:TNF-a;c: 116 1-10;€:11-35; - TGF-f:g: proliferation.
*P<005 and **P<0.01 paclitael versus control; &<005
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Fig. 1 -Foam celltransformation of HASMC after incubated with 20 ug/imL of ox LDL as shown by staining with Oil Red O at 4 magnification.
a: controlb: ox-LDL The lipid vacuoles are indicated by arrows.
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Table 1. Patients' characteristics.

FMR DMR Whole series
(n=63) (n=33) (n=96)

Age (years) 587+75 536+14.7 56.5+11.4
Male sex 44 (69.8) 22 (66.7) 66 (68.8)
Diabetes 35(55.6) 8(25.0 43 (44.8)
Hypertension 40 (63.5) 10(31.3) 50(52.1)
Atrial fibrillation 0(0) 7(21.2) 7(73)
Preoperative LVEF, % 394+12.1 619497 474+156
Non-isolated MV repair

CABG 47 (74.6) 7(21.2) 54(56.3)

AVR 11(17.5) 0(0) 10115

Tricuspid annuloplasty 5(79 4(12.1) 9(94)

PFO closure 0(0) 3090 3331

ASD repair 0(0) 1(3.0) 1(1.0)

LAA ligation 0(0) 1(3.0) 1(1.0)

Values are mean+SD, n (%). ASD=atrial septal defect; AVR=aortic valve replacement; CABG=coronary artery bypass grafting;

DMR=degenerative mitral regurgitation; FMR=functional mitral requrgitation; LAA=left atrial appendage; LVEF=left ventricular
ejection fraction; PFO=patent foramen ovale
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Fig. 4 - Efect of reatment with rapamycin or pacitaxel combined
with cytokine antibody on foam cells prolifeation. **P<001
paclitaxel versus control; 8&P<0.01 rapamycin versus control.
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ANOVA = Analysis of variance mTOR Mammalian target of rapamycin
ATCC = American Tissue Culture Collection OxADL = Oxidized low-density lipoprotein

DES = Drug-eluting stents PBs Phosphate-buffered saline

ELISA Enzyme-linked immunosorbent assay SMC mooth muscle cells

FBS. = Fetal bovine serum spss tatistical Package for the Social Sciences

HASMC = Human aortic smooth muscle cells TGFB  =Transforming growth factor beta
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Abbreviations, acronyms & symbols

CABG = Coronary artery bypass grafting
DMR = Degenerative mitral regurgitation
FMR = Functional mitral regurgitation
LVEF = Left ventricular ejection fraction

MIDA Mitral Regurgitation International Database
NYHA = New York Heart Association
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Table 2. Surgical details.

Surgical approach

Median sternotomy 93 (96.9)
Right thoracotomy 3(3.1)
DMR group (complex repair)
Alfieri edge-to-edge 1(3.0)
Quadrangular resection of posterior leaflet 20 (60.6)
Resection of prolapsed part of leaflet 4(12.1)
Suture of cleft of anterior leaflet 1(3.0)
Repair of perforated anterior leaflet 1(3.0)
Repair of perforated posterior leaflet 1(3.0)
Repair of posterior leaflet without quadrangular resection 4(12.1)
Repair of anterior leaflet without quadrangular resection 1(3.0)

FMR group (annuloplasty only)

Braile 58 (92.1)
St. Jude Medical 232
Dacron 3(4.8)

Values are n (%). DMR=degenerative mitral regurgitation; FM nctional mitral regurgitation
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Fig. 1 - Cumulative survival probabilities. Kaplan-Meier estimate of survival function
comparing whole series, FMR (simple), and DMR (complex) groups.
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Table 1. Demographic and clinical characterisics of the

groups.
oy | “indy” | e
Age (years) 5675+ 827 5807+ 651 0539
Weight (kg) 7626+821 8245+ 632 0561
TG (mg/dl) 13414+ 2982 | 29869+ 15274 0000
TC (mg/dl) 13428+3623 | 23624+4135 0000
LDL (mg/dl) 11389+ 3065 15907+ 2025 0000
HDL (mg/dl) 592541753 36204797 0000

‘CAD=coronary artery disease; HDI
LDL=low-density lipoprotein;

igh-density ipoprotein;
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Supplemental Table 4. Comparison of LV longitudinal srain before and after SAVR.
e e
LV LS LAX (%) -17.824529 -1950+7.91 1682051 [-1.008301 to 4.372403] 02133
LVLS 4c (%) -15714549 -2452+2828 8810256 [0.226499 to 17.847012] 00557
LVLS 2c (%) -16.42+450 -19.18+3.84 2758974 (1596198 to 3921751] 00001
GLS (%) -16.58+425 -19.81+3.48 3228205 [1.964529 to 4491881] 00001

—chamber view; GLS—global LV longitudinal strain; LAX=long axis; V—left ventricle; LS—longitudinal strain

‘4c=4-chamber view; 2c=:
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© Preoperative normal GLS.
@ Postoperative normal GLS
O Preoperative abnormal GLS
® Postoperative abnormal GLS

Supplemental Figs. 2 e 3 - Overview of echocardiography correlated with the left ventricular global longitudinal strain. Scatter plots
depict the precperative open symbols) and postoperative (closed symbols) data of the global longtudinal strain based sub-groups,stratified
according to a ‘normal GLS” (<—18.9%) cohort (n=13) (circles) and “abnormal GLS" (>—18.9%) cohort (n=26) (squares).
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Supplemental Table 5. Echocardiographic parameters associated with left ventricular reverse remodeling. Postoperative
comparison of normal GLS (N=13) versus abnormal GLS (N=26) subgroups.

Parameter Mean difference + [95%CI] ﬁ:‘;;:’: Povalue
GLS (%) -3.825[1.756 to 5.893] 127 00061"
AVA index 0.1050 [-0.1407 to 0.3507] 029 03920'
I (Umin/m?) 0.1500 [-03754 to 06754] 020 05664
LVEF (%) -4.577 [-8.155 to -0.9985] 088 00136'
LVFS (%) -2.113[5644 to 1.419] 041 02331
Vsd (mm) 1654 [0.5747 to 2.733] 105 00036
IVSs (mm) 2038 [04131 to 3664] 086 00154
LVEDv index (ml/m?) 2837 [9411t01509] 016 06414
LVESv index (ml/m?) 3492[2728109712] 039 02626
LVEDd (mm) 3577 [04584 10 7612] 061 00807
LVESd (mm) 3.192 [03377 t0 6722] 062 0075'

LVPWd (mm) 1.115 [0.1347 to 2.096] 077 00269
LVPWs (mm) 1.077 [-03762 to 2.530] 051 01417
RWT 0.01462 [-0.03801 to 0.06724] 018 05770"
LV mass index (g/m?) 21.25 [9300 to 5340] 088 000227
LA volume index (ml/m?) -2.1[-1132t07.119] 0.16 06471"

*Postoperative comparison between sub-groups, ‘normal LS versus “abnormal GLS’ are based on a preoperative GLS cut-off value.
of -189%

IStudent’s t-test.

Mann-Whitney test.

AVA=aortic valve area; Cl=cardiac index; GLS=global LV longitudinal strain; VSd=intraventricular septal thickness in diastole;
Ss=intraventricular septal thickness in systole; LA=left atrium; LV=left ventrice; LVEDd=left ventricular end-diastalic dimension;
LVESd-=left ventricular end-systolic dimension; LVEDv=left ventricular end-diastolic volume; LVESv=left ventricular end-systolic
volume; LVPWa=left ventricular posterior wall thickness in diastole; LVPWis=left ventricular posterior wall thickness in systole;
RWT=relative wallthickness

Supplemental Table 6. Correlation between preaperative GLS and echocardiographic parameters of LVRR.

Correlation coefficient [ P-value
GLS Rp 0507 04153 00010
vsd Re 0462 0.1886 00031
vss Re 0429 02549 00,0064,
LvPwd R,0356 0.1055 00263
LVPWs R 0343 01732 00323
LVEF Rp-0326 04272 00430
LVMi* R.05% 3810 00006

“Only echo parameters with a regression coeffiient >0.3 are shown

Ry=Pearson's correlation coefficient.

pearmans rank correlation coefficient,

*LVM was excluded from analysis in favour of the BSA corrected value, LVMi

GLS=global LV longitudinal strain; IVSd=intraventricular septal thickness in diastole; VSs=intraventricular septal thicknessin systole;
LVEF=left ventricular ejection fraction; LVMi=left ventricular mass index; LVPWd=left ventricular posterior wallthickness in dstole;
LVPWs=left ventricular posterior wall thickness n systole
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Supplemental Fig. 1 - Normal vs. abnomal GLS age, BM) and BSA comparative analyss and evaluation of postoperative left ventricular
‘geometry ofpatients undergoing solated SAVR versus patients undergoing SAVR and CABG. 4) Theglobal longitudinalstrain based sub-groups,
stratified according to a ‘normal GLS” (<—18.9%) cohort (n=13) (circles) and “abnormal GLS” (>—18.9%) cohort (n=26) (squares) compared
based on age, BMi and BSA.Evaluation of the preoperative and postoperative 8) global longitudinalstrain, ) let ventricular mass indexand D)
intraventicular septal thickness at diastole.
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Table 1. Time required to achieve haemostasis by group.

Group Average*(s) Median(s) P-value
CG (n=16) 1812546749 17000 0001
ChG (n=16) 825043366 7000
G (n=16) 656343949 4750

Comparing ChG and TG
ChG (n=16) 82503366 7000 073
G (n=16) 656343949 4750

CG=control group; ChG=chitosan group; T

achoSil® group.

“Values expressed as mean + standard deviation

Comparing ChG and TG with CG, P<0.001

=16 means that 1 procedure was done in each common femoral artery of the 8 animals
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Fig. 1 - Photomicrographs of the region of surgical specimens extracted from samples 7 days after the operation, stained with HE. A, Band C
‘belonging to the Control Group (GC). Note in Figure A, B and C, a greater amount ofred blood cell in the vascular wall and adjacent regions
‘beyond the lumen of the vesel (V). In A (10x magnification),the long red arrows point o the route of vascular injury (tunics with infirates of
red blood cels and leukocytes, in adciton to greater epithelial density). B (20x magnification) and C (40x magnifcation) detail the presence of
red oo cells e trica e, withan infte o elocyes and bl

Fig. 2- D, Eand F belonging to the Chitosan Group (ChG) In D (20x magnification), a discrete hematic infiltrate is observed in the vascular wall,
as wellas a quantity ofleukocytes and fibroblasts,in @ more preserved tissue area. Details in E (40x) and F (60x) with clear division of the tunic
intima (T), media (TM) and adventitia (TA), closer to the great support of collagen fibres and elastic fibres. Note green arrows in D indicate the
presence of degraded remnants of chitosan.
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Fig.3 - mwdw@mdm%mmmdmmmmmmmm
stained with haematoxylin and eosin. The arrows in A (10 magnification) point to discontinuity of the vascular wall with a 40x increase in
B The presence of leukocytes and fibroblasts can also be observed. Note, through the indication of the arrows in C (10x magnification),the
discreet presence of microcirculation, possibly originating from the neovascularization process. LV=lumen of the vessel.
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Table 2. Blood volume lost during haemorrhage in grams.

Average*(g) Median(g) Pvalue
0262007 026 0025
0.19:017 015
TG (n=16) 0112009 004
Comparing ChG and TG
ChG (n=16) 019015 015 018
TG (n=16) 011009 004

CG=control group; ChG=chitosan group; TG=Tachsil® group

“Values are expressed as mean  standard deviation

Comparing ChG and TG with CG, P=0.025 (Kruskal-Wallis test)

=16 means that 1 procedure was done in each common femoral artery of the 8 animals
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Fig. 4- T frontal channels aFEG complete recordings from two patients with general anesthesia maintained with sevolfurane, remientanil,
‘and dexmedetomidine: A)Five-months and 20-days of age patient undergoing atrioventricular canal defect repair; B one-month and 25-days
‘of age patient undergoing Tetralogy of Fallo repair. The amplitudes (maximum, minimum, and average) and the background patters trends

are appropriate or their ages. However,the upper trace have higher amplitudes and less variations that may reflct the cerebral maturation
during the first year of lfe.
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Table 3. Classification of adhesions according to the classification by Knightly et .

Average™ Median P-value**
050033 050 0135
1.00:063 1.00 0122
0562032 050 0667

CG=control group; ChG=chitosan group; 1G=TachoSil* group
“Values are expressed as mean + standard deviation, followed by the median
“*P=Kruskal-Walls test
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Table 4. Microscopic analysi according to the modified Ehrlich-Hunt classificationt.

CG (n=16) ChG (n=16) TG (n=16) P-value™
Red cells 375:046% 056073 025:045 0001
Leukocytes 275103 038031 056051 0001
Neovascularization 2254139 088091 0312060 0003
Fibroblasts 263:074° 138+1.02 169+1.14 0032

CG=control group; ChG=chitosan group; T
“Values are expressed as mean + standard deviation, followed by the median

“*Kruskal- Walls test

TachoSil® group

=16 means that 1 procedure was done in each common femoral atery of 8 the animals
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Table 1. General characteristcs, operative and intraoperative variables, and postoperative characterisics of the study population.

- st |ttt | fon |
Age (years), mean (SD) 482(116) 402(113) 459(11.9) 0.019
Male, n (%) 28(65.1) 11(647) 39 (65) 1.000
Connective tissue disorder, n (%) 9(209) 8(47.1) 17(283) 0059
Hypertension, n (%) 28(65.1) 6(353) 34(56.7) 0.046
Old CVA, n (%) 2(47) 1(59) 305 1.000
Preoperative creatinine (mg/dl), mean (SD) 140 (098) 131(064) 137 (0.89) 0730
LV function, n (%)

Good 38(884) 12(706) 50(833)

Mild dysfunction 3N 4(235) 7(17)

Moderate dysfunction 123 0(0) 107)

Severe dysfunction 123 1(59) 233

Mild to severe LV dysfunction, n (%) 5(116) 5(294) 10(167) 0128
AR grade, n (%)

No 2(47) 1(59) 305

Trivial 123) 00 107

Mild 9(209) 1(59) 10(167)

Moderate 17 (39.5) 6(353) 23(383)

Severe 14(326) 9(529) 23(383)

Moderate to severe AR grade, n (%) 31(721) 15(882) 46 (76.7) 0310
Emergency surgery, n (%) 39(90.7) 12(706) 51(85) 0.101
Cardiopulmonary bypass time (min), mean (SD) 13309 (3136) 162.47 (38.88) 14142 (35.89) 0.003
Aortic cross-clamp time (min), mean (SD) 90.16(17.22) 11553 (17.29) 9735 (2062) <0.001
Postoperative creatinine (mg/dl), mean (SD) 160 (053) 1.85(0.98) 167 (067) 0238
Adverse neurological event, n (%) 7(163) 2(118) 9(15) 1.000
In-hospital mortality, n (%) 3N 4(235) 7(17) 0092
Follow-up (years), mean (SD) 642 (34) 350 (2.58) 452(38) 009
Preoperative aortic root (mm), mean (SD) 39.26 (945) 4259 (843) 4020 (923) 0210
Postoperative aortic root (mm), mean (SD) 3313(9.) 2946 (5.19) 3223(842) 0175
Preoperative DTA at hiatus (mm), mean (SD) 2972(7.5) 2659 (821) 2883 (7.77) 0.161
Postoperative DTA at hiatus (mm), mean (SD) 3497 (1045) 2992 (701) 3371 (989) 0112
Preoperative distal ascending aorta (mm), mean (SD) 35.98 (845) 35.06 (7.45) 3572(813) 0697
Postoperative distal ascending aorta (mm), mean (SD) 35.08 (969) 3246 (544) 3443 (886) 0361

‘AR=zortic regurgitation; CVA—cerebrovascular accident; DTA=descending thoracic aorta; LV—left ventricular; SCAAR=supracoronary
ascending zorta replacement; SD=standard deviation
*Fisher’s exact test and t-test.
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Table 2. Preoperative and postoperative comparison of aortic diameters at various levels in patients who underwent surgery for
aoric dissection.

Variable Preoperative Postoperative P-value*

Aortic root, mean (SD)

SCAAR operation 39394 3310) <0001
Modified Bentalls procedure 426 (84) 205(52) <0001
All patients 402(9) 32284 <0001

Distal ascending aorta, mean (SD)

SCAAR operation 36(84) 35197
Modified Bentalls procedure 35104 325(54)
All patients 357 81) 344(89) 0521

DTA at hiatus, mean (SD)

SCAAR operation 207075 35(84)
Modified Bentalls procedure 266 (82) 300.1)
All patients 288078 337(99) <0001

DTA=descending thoracic aorta; SCAAR=supracoronary ascending aorta replacement; SD=standard deviation
*Paired t-test.
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G =Control group.
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Fig. 2 - Kaplan-Meier curves showing actuarial survival difference between supracoronary ascending aorta replacement (SCAAR) with aortic
valve resuspension patients vs. the molified Bentall group.
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Table 4. Comparison of various varibles between the CTD and non-CTD groups.

Age (years), mean (SD) 357(73) 50011 459(119) <005
Male, n (%) 12(705) 27 (62.7) 39 (65) 056
Hypertension, n (%) 4(235 30(69.8) 34(56.7) 0001
Preoperative creatinine (mg/dl), mean (SD) 1.01(03) 151(09) 137 (089) 0005
Preoperative creatinine > 1.4 mg/dl, n (%) 168 18(41.8) 19(316) 0006
Mild to severe LV dysfunction, n (%) 4(235) 6(139) 10(167) -
Old CVA, n (%) 0(0) 369 305 064
Emergency operation, n (%) 14 (824) 37 (86) 51(85) 10
SCAAR with AV resuspension, n (%) 9(529) 34(79.1) 43(716) 008
Modified Bentall’s operation, n (%) 8(47.1) 9(209) 17(283) 008
Cardiopulmonary bypass time (min), mean (SD) 133(215) 145 (39.9) 14142 (35.89) 015
Aortic cross-clamp time (min), mean (SD) 967 (17.7) 976(218) 9735 (2062) 086
Postoperative elevated creatinine (> 1.5 ma/dl), n (%) 3(176) 21 (488) 24 (40) 002
Preoperative aortic root (mm), mean (SD) 411(11.7) 399(82) 4020(9.23) 0654
Postoperative aortic root (mm), mean (SD) 32187) 323(84) 3223(842) 0949

‘AV=gortic valve; CTD=connective tissue disorder; CVA=cerebrovascular accident; LV=left ventricular, SCAAR=supracoronary

ascending aorta replacement; SD=standard deviation
“Fisher’s exact test and ttest
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Table 3. Predictors of long-term mortaity.

Variable L""g"?;';'q:‘é‘l;f'"e HR
Female sex 124(041-378)
Connective tissue disorder 045 (01 -209)
Hypertension 105(035-3.14)
Emergency surgery 134(037-481)
Modified Bentall's surgery 311(084-1159)
Mild to severe LV function 215(065-7.13)
Age (years) 101 (096-106)
Preoperative creati 128(041-397)
CBP time > 14142 149(041-539)
ACC time > 9735 147(036-604)

'ACC=aortic cross-clamp; Cl=confidence interval;
CPB=cardiopulmonary bypass; HR=hazard ratio; Lv=|
ventricular

*Cox proportional hazard model.






OPS/images/a08img4.png
Survival Function

vl Fution

- Cansores
o=

Cum Survival

oo

[ % 3 s o s
followupduration_outcome_years

Fig. 1 - Overallsurvivalof il patients who underwent type A aortic
dissection repair





