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      Abstract

      


      Background and objectives


      Studies investigating the possible role of hyperhomocysteinemia (HHC) in increasing postoperative morbidity and mortality among postmenopausal women undergoing on-pump primary isolated coronary artery bypass grafting (CABG) surgery are sparse in the literature. The knowledge about the relationship of preoperative HHC and postoperative adverse cardiovascular events is not adequately covered. This study is initiated to ascertain the hypothesized higher prevalence of HHC in postmenopausal women with ischemic heart disease (IHD) scheduled for on-pump primary isolated CABG and tracing its association to the proposed adverse postoperative complications especially thromboembolic ones linked in the literature to HHC.


      Methods


      This prospective comparative study included 77 postmenopausal women who presented with IHD requiring primary surgical myocardial revascularization (on-pump isolated primary CABG surgery). The study was conducted in the period between January 2016 and January 2019. The study population was divided into two groups based on their homocysteine (HCY) level. Group (I) included 34 patients with HCY values more than 15 micro.mol/L and group (II) included 43 patients with HCY values less than 15 micro.mol/L. The study population included patients having left main or left main-equivalent coronary artery disease, multi-vessel coronary artery disease, and one or two coronary artery disease. We excluded patients scheduled for off-pump CABG, patients with associated pathologies such as ascending aortic aneurysm/dissection, left ventricular aneurysm, and ventricular septal defects. Patients with concomitant valvular heart disease (including ischemic mitral regurgitation requiring intervention), malignancy, multiple co-morbidities e.g. liver cell failure, renal failure, respiratory failure, and patients with poor left ventricular ejection fraction (LVEF < 40%) were also excluded. The postoperative studied variables included ICU parameters (duration of mechanical ventilation, duration of inotropic support, total blood loss, blood glucose level, total duration of ICU stay), operative mortality, total hospital stay, and adverse complications (myocardial infarction, cerebrovascular accidents, pulmonary embolism, peripheral arterial/venous thromboembolism, low cardiac output syndrome, rhythmic complications, hemorrhagic complications, respiratory complications, acute renal failure, deep and superficial wound infections), overall hospital complications and overall one-year mortality and survival.


      Results


      Mean age was 64.34 ± 5.81 years in group (I) and 60.95 ± 6.54 years in group (II). Mean serum HCY level was 18.55 ± 1.11 micro.mol/L (range 15.50-23.6) for group (I) and 9.83 ± 1.03 micro.mol/L (range 5.6-12.7) for group (II). Group (I) showed statistically significant differences (p < 0.05) regarding preoperative variables (more previous MI attacks, more CCU admissions, lower LVEF%, higher EuroSCORE, more peripheral vascular disease and surgeries, more previous cerebrovascular accidents, more number of affected coronary vessels and higher peak serum creatinine levels) and postoperative variables (duration of mechanical ventilation, period of ICU stay, total duration of hospital stay, low cardiac output syndrome, IABP insertion, cerebrovascular accidents, acute renal failure and peak serum creatinine level). However, the overall hospital complication rate was 12 (35.29%) and 13 (30.23%) for group (I) and (II) respectively (p > 0.05). During the follow-up period, both groups expressed comparable results with no statistical significance, the overall one-year survival was 94.11% and 95.34% in group (I) and (II) respectively (p > 0.05) and the overall mortality was 4 (5.19%) (two deaths from each group; one in-hospital, and one during the follow-up period) (p > 0.05).


      Conclusion


      HHC was found to have high prevalence among postmenopausal women having IHD and undergoing CABG surgery. It was found to be associated with adverse postoperative complications as well as preoperative thromboembolic and cardiovascular insults. On-pump CABG aggravates the thrombotic potentiality in these patients. However, operative and postoperative mortality as well as one-year survival were not associated with HHC. Preoperative assay of HCY level and HHC stratification in the reviewed pre-CABG risk factors are recommended. Preoperative supplementation with folic acid, vitamin B12 and vitamin B6 may play a role in lowering the preoperative HCY level, thus, lowering the proposed postoperative adverse outcomes. Therapeutic strategies such as preoperative aggressive treatment with antiplatelet or anticoagulant drugs may also be tried to reduce the thrombogenic risks for this subset of patients.
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      Introduction

      


      Homocysteine (HCY) is a sulfur-containing amino acid derived from methionine. Its metabolism involves remethylation, transsulfuration, and demethylation processes, which require folic acid, vitamin B12, and vitamin B6 [1]. Hyperhomocysteinemia (HHC) is defined as a plasma level of HCY exceeding 15 micro.mol/L [2].


      Whereas 30-50% of the variation in cardiovascular disease occurrence remains unexplained by the known traditional risk factors such as smoking, hypercholesterolemia, hypertension, and diabetes mellitus [3,4], experimental and epidemiological based-evidence suggests that HHC is an independent risk factor for the development of atherosclerosis, thrombosis, and other cardiovascular diseases, which may be attributed to impaired fibrinolysis or increased platelet reactivity [5-7]. Moreover, evidence exists supporting significant impact of HHC on endothelial resistance to thrombosis and vasodilatory and antithrombotic effects of nitric oxide, accounting for the increased risks of thromboembolic events in patients with cardiovascular disease [8].


      Basal homocysteinemia was found to be significantly higher in men than women [9]. After menopause, it increases significantly in women, approaching those in men. This is most probably due to estrogen deficiency because in young woman where estrogen production is high, serum lipids and HCY levels are normal [10]. But after menopause, abnormal lipid profile and HHC and increase incidence of coronary heart disease show a possible relationship among estrogen, normal lipid profile, normal HCY levels and relative immunity to coronary heart disease [11]. Given that the postmenopausal status has been shown to be associated with increased HCY levels, it is conceivable that such an increase could have a role in the augmented cardiovascular morbidity of postmenopausal women [12].


      Patients with HHC undergoing cardiac surgery (especially CABG) on cardiopulmonary bypass (CPB) which represents a prothrombotic state itself are at significant risk for serious adverse mesenteric ischaemia, stroke, pulmonary embolism, and deep vein thrombosis, resulting in high operative morbidity and mortality [13-15].


      Studies investigating the possible role of HHC in increasing postoperative morbidity and mortality among postmenopausal women undergoing primary isolated CABG are sparse in the literature. The knowledge about the relationship of preoperative HHC and postoperative adverse cardiovascular events is not adequately covered. This study is initiated to trace and investigate the possible association between HHC and the proposed adverse postoperative complications (especially thromboembolic ones linked in the literature to HHC) and mortality and also to ascertain the hypothesized higher prevalence of HHC in postmenopausal women with ischemic heart disease (IHD) scheduled for primary isolated CABG.


      Patients and Methods

      


      Study design and patient population


      This prospective comparative study included 77 postmenopausal women who presented with IHD requiring primary surgical myocardial revascularization (on-pump primary isolated CABG surgery). The study was conducted after obtaining the approval of the ethical committee of the department of Cardiothoracic Surgery, Faculty of Medicine, Cairo University; and after a written informed consent from each and every participant for the scientific treatment. All the surgeries were carried out in Egypt (conducted in operating theatre of the department of Cardiothoracic Surgery, Faculty of Medicine, Cairo University; and other open heart surgery centers) using standard open heart surgical procedures. The study was conducted in the period between January 2016 and January 2019. Surgical and medical treatments were at the discretion of surgical team in accordance with evidence-based guidelines, with no specific treatment mandated or new intervention applied as a part of this study. The study population was divided into two groups based on their HCY level. Group (I) included 34 patients with HCY values more than 15 micro.mol/L and group (II) included 43 patients with HCY values less than 15 micro.mol/L. The data of the study population was collected from the cardiothoracic section computer database supplemented by a review of hospital records. All the data were studied and thoroughly evaluated in the preoperative, intraoperative and postoperative periods (for one year follow-up duration).


      Inclusion and exclusion criteria


      The study population included postmenopausal women scheduled for elective on-pump (requiring cardiopulmonary bypass "CPB") primary isolated CABG surgery presenting with IHD having left main or left main-equivalent coronary artery disease, multi-vessel coronary artery disease, and one or two coronary artery disease. We excluded patients scheduled for off-pump CABG, patients with associated pathologies such as ascending aortic aneurysm/dissection, left ventricular aneurysm, and ventricular septal defects. Patients with concomitant valvular heart disease (including ischemic mitral regurgitation requiring intervention), malignancy, multiple co-morbidities e.g. liver cell failure, renal failure, respiratory failure, and patients with poor left ventricular ejection fraction (LVEF < 40%) were also excluded.


      Management Regimen

      


      Preoperatively


      The collected preoperative data from the study population were age, routine risk factors of cardiovascular disease e.g. hypertension, smoking, dyslipidemia, diabetes mellitus and family history of susceptibility to IHD, previous myocardial infarction (MI) and history of CCU admission, history of coronary angioplasty and stenting, chronic obstructive pulmonary disease (COPD), left ventricular ejection fraction (LVEF), EuroSCORE II, history of chronic renal disease, strok, peripheral vascular disease and vascular surgeries, carotid and peripheral arterial and venous duplex and routine laboratory preoperative investigations. Diabetic patients (regardless their preoperative glycosylated haemoglobin "HbA1c" level) were subjected to strict (tight) glycemic control measures using different doses of insulin therapy (individualized based on endocrinological consultations) aiming to keep blood glucose measures 110-150 mg/dl. This included combination of scheduled subcutaneous insulin therapy and repeated insulin injections according to Matias protocol [16]. HCY level was measured and accordingly the two groups were formulated. Venous blood sample of 5 ml was collected after an overnight fasting of 12-14 hours. Blood samples for the quantitation of plasma HCY were drown in EDTA (Ethylene Diamine Tetra Acetate) container tubes immediately placed in ice and centrifuged within 30-60 minutes for 10 minutes. The plasma separated and stored at -20 ℃ until analyzed. Total plasma HCY levels were determined using an immunofluorescence method (AxSYM, Abbott) already validated for this type of analysis [17] and applied in a previous large randomized controlled trial [13,18]. HCY concentrations were measured by ELISA (Enzyme Linked Immuno-Sorbent Assay) kits (HCY immulite 2000, kit lot 264). Acetylsalicylic acid was discontinued 5 days before surgery while clexane and clopidogril were discontinued 12 hours and 5-7 days respectively before it. Angiotensin-converting enzyme inhibitors and angiotensin-2 receptor blockers were discontinued at the night of surgery. All patients received sedative pre-medications (oral valium 5 mg at the night of surgery and intramuscular morphia 10 mg at the morning of surgery). The mortality operative risk was determined according to the logistic EuroSCORE II and all the risk conditions were defined according to the EuroSCORE II definitions [13].


      Intraoperatively


      All patients were pre-medicated by intravenous midazolam (0.1 mg/kg) at the operating room, patients were monitored with five-lead electrocardiogram (leads II and V simultaneously), pulse oximetry, invasive arterial blood pressure using an arterial catheter connected to a pressure transducer, capnography, central venous catheter inserted in the internal jugular vein, nasopharyngeal temperature probe, urinary catheter and frequent arterial blood gases (ABGs) measurements for pH, electrolytes and glucose every 15 minutes. Diabetic patients were subjected to intra-operative tight (strict) glycemic control using uniform intravenous insulin infusion protocol (prepared by mixing 100 units of insulin with 50 ml 0.9% Normal Saline) aiming to keep blood glucose measures 110-150 mg/dl. After pre-oxygenation, general anesthesia was induced with thiopental (3-5 mg/kg), Fentanyl (2-10 mg/kg) and pancuronium (0.1 mg/kg). Patients were then ventilated manually with face mask and intubated with an oral cuffed endotracheal tube with the proper diameter, followed by the onset of controlled mechanical ventilation. Anesthesia was maintained with isoflurane and additional doses of propofol infusion, fentanyl (1-2 micro.gm/kg) and pancuronium (0.01 mg/kg). Anticoagulation was established with an initial dose of heparin (300-400 IU/kg) and to get activated clotting time (ACT) higher than 400 s, additional heparin was given on need to maintain ACT higher than 400 s during bypass time. At the end of CPB, heparin was reversed by protamine chloride at a 1:1 ratio of the loading dose, regardless of the total heparin dosage. Operative technique was always the same for all the study population. All the patients were operated upon via standard vertical median sternotomy, CPB was initiated with aorto-caval cannulation, ascending aorta was cross clamped and cardioplegia was received by warm blood intermittent antegrade technique every 20 minutes. The priming volume was always minimized to 800-1000 mL. Core body temperature during CPB was 30-32 ℃. The pump flow was targeted between 2.0 and 2.8 L/min/ m2 and the target mean arterial pressure was settled at 60 mmHg. Pedicled left internal thoracic (mammary) artery (LIMA) was always anastomosed to left anterior descending coronary artery (LAD) and the harvested reversed saphenous vein grafts (SVGs) were anastomosed to other target coronaries. Proximal anastmoses were carried on beating heart after instillation of hot shot dose and unclamping the ascending aorta regaining myocardial activity using partial aortic side occlusion clamping. The operative variables included intraoperative mortality, aortic cross clamping time, CPB time, number of grafts done, blood glucose level (during and after CPB), metabolic acidosis, haemodynamics, difficulty of weaning off CPB, inotropic support medications, need for intra-aortic balloon pump (IABP) insertion.


      Postoperatively


      Patients were shifted to the Intensive Care Unit (ICU) for stabilization prior to transfer to regular room. Patients were followed-up for one year postoperatively. The postoperative studied variables included ICU parameters (duration of mechanical ventilation, duration of inotropic support, total blood loss, blood glucose level, total duration of ICU stay), operative mortality, total hospital stay, mortality within one-year follow-up, and adverse complications (myocardial infarction, cerebrovascular accidents, pulmonary embolism, peripheral arterial/venous thromboembolism, low cardiac output syndrome, rhythmic complications, hemorrhagic complications, respiratory complications, acute renal failure, deep and superficial wound infections). The overall hospital complication rate was calculated on the basis of the number of patients with at least one hospital complication.


      Definitions of Adverse Variables

      


      Perioperative myocardial infarction was defined as creatinine kinase-MB elevation of 5 or more times the upper limit of normal and the presence of any new Q wave within 48 hours postoperatively or the disappearance of the R wave on the postoperative electrocardiogram (ECG). Cerebrovascular accident (CVA) was defined as a new stroke or a transient ischemic attack (TIA) for at least 24 hours. Low cardiac output syndrome was defined as the need for the use of two catecholamines beyond 10 microgram/Kg/min dose or the use of an intra-aortic balloon pump (IABP). Operative mortality was defined as any death occurring during the 30 days postoperatively. Rhythmic complications were defined by the presence of a supraventricular or ventricular rhythm disorder. Hemorrhagic complications were defined by re-operation to control bleeding or to relieve cardiac tamponade. Respiratory complications were defined by the development of pneumonia, pulmonary atelectasis, and respiratory failure (prolonged ventilation more than 48 hours postoperatively, re-intubation or tracheostomy). Acute renal failure was defined as a rise in the creatinine level (absolute ≥ 0.3 mg/dl, percentage ≥ 50%) in need for renal replacement therapy or the need for dialysis sessions (excluding patients requiring dialysis before the operation). Preoperative chronic renal failure was defined as a creatinine clearance of less than 30 ml/min. Preoperative peripheral vascular disease was defined as the presence of lower limb arterial disease stage I or II according to Leriche and Fontaine classification or a history of vascular surgery. Deep surgical wounds (sternal and lower limbs) infections were defined as a surgical infection occurring within 30 days, extending beyond the deep tissue plane with bacteriological samples of positive infected tissues or purulent discharge. Thromboembolic event was defined as the occurrence of any of: Myocardial infarction, stroke or TIA, pulmonary or systemic embolism. Major morbidity was defined as any of the following: need for re-operation, sternal wound infection, permanent stroke, renal failure, mechanical ventilation for more than 48 hours.


      Statistical Analysis

      


      All patients' data were tabulated and processed using SPSS V13.0 (SPSS Inc., Chicago, IL) for Windows 2007. Quantitative variables were expressed using mean and standard deviation, and were compared using t-student test. Qualitative variables were compared using Chi-square test or Fischer's exact test when appropriate. Correlation between parameters was performed using Spearman's rank correlation coefficient. In all tests, P value was considered significant when P < 0.05, highly significant when P < 0.01 and extremely significant when P < 0.001.


      Results

      


      In the period between January 2016 and January 2019, this study was conducted on 77 postmenopausal women undergoing on-pump primary isolated CABG. The study population was divided into two groups based on their HCY level. Group (I) included 34 patients with HCY values more than 15 micro.mol/L and group (II) included 43 patients with HCY values less than 15 micro.mol/L. The preoperative, operative, postoperative and one-year follow-up data of both groups were thoroughly studied and compared.


      Preoperative data


      The age of the study population ranged from 54-70 years with a median age of 61.5 years. The mean age for group (I) patients was 64.34 ± 5.81 years and for group (II) 60.95 ± 6.54 years. All patients had undergone a thorough clinical evaluation which included proper history taking, general, vascular, chest and cardiac examination. Mean HCY level was 18.55 ± 1.11 micro.mol/L (range 15.50-23.6) for group (I) and 9.83 ± 1.03 micro.mol/L (range 5.6-12.7) for group (II) representing high statistical significance (p < 0.05). Group (I) showed statistically significant differences (p < 0.05) regarding the following variables: More previous MI attacks, more CCU admissions, lower LVEF%, higher EuroSCORE, more peripheral vascular disease and surgeries, more previous cerebrovascular accidents, more number of affected coronary vessels and higher serum creatinine levels) Figure 1. No patient of either group needed preoperative intra-aortic balloon insertion. Further analysis of the preoperative patients' characteristics and laboratory investigations of both groups are summarized in Table 1.


      Operative data


      All patients of both groups were submitted for on-pump isolated primary CABG using the same technique of graft anastmosis with pedicled LIMA to LAD and the reversed SVGs for other coronary artery targets with the help of heart-lung machine and antegrade warm blood intermittent cardioplgia given every 20 minutes. Serial arterial blood samples were taken every 15 minutes. No intraoperative mortality happened as well as no intra-aortic balloon was needed to assist haemodynamics. Metabolic acidosis was encountered and continuously corrected in 26.47% and 27.91% of group (I) and (II) respectively. However, it was controlled before transferring patients to ICU and no one faced persistant acidosis. All patients were shifted to ICU on minimal inotropic support. Haemodynamic parameters during the operation were recorded showing no significant differences among both groups. Smooth weaning off-CPB was achieved in 29 (85.29%) of group (I) and 37 (86.04%) of group (II) (p > 0.05). The rest of the patients needed electrical cardioversion to achieve weaning. The date of the operation was recorded and the operative reports for both groups were assessed and the data recorded, analysed and compared. The data are shown in Table 2.


      Postoperative data


      All the patients were discharged to the ICU mechanically ventilated. ABGs were obtained from arterial blood samples every 2 hours. Patients were discharged from the ICU when haemodynamically stable on no inotropic support, with no drains and with satisfactory postoperative laboratory results and ECG. The mean duration of mechanical ventilation for group (I) was 13.20 ± 2.31 hours compared to 6.1 ± 2.58 hours for group (II) (p < 0.05). The mean period of the total ICU stay was 59.51 ± 1.12 hours for group (I) and 46.34 ± 3.45 hours for group (II) patients (p < 0.05). The mean duration of the total hospital stay was 9.87 ± 3.56 days in group (I) and 6.17 ± 1.52 days in group (II) (p < 0.05). There were a total of 2 (2.59%) mortality cases, 1 (2.94%) in group (I) and 1 (2.32%) in group (II) (p > 0.05). All of them happened in the postoperative ICU period due to biventricular heart failure. Cerebrovascular accidents occurred in 4 (11.76%) in group (I) compared to 1 (2.32%) in group (II) (p < 0.05). Low cardiac output syndrome was faced and corrected in 3 (8.82%) in group (I) and 1 (2.32%) in group (II) (p < 0.05). Statistically significant differences emerged between the study groups as regards the incidence of acute renal failure, peak serum creatinine values and the need of IABP insertion in the ICU Figure 2. However, no statistically significant differences were found regarding inotropic support duration, total blood loss, perioperative MI, rhythmic complications, haemorrhagic complications, deep surgical wound infection, superficial surgical wound infection and respiratory complications as been shown in Table 3. Moreover, the overall hospital complication rate was 12 (35.29%) and 13 (30.23%) for group (I) and (II) respectively (p > 0.05). After hospital discharge, patients were followed-up for one year. Patients were called after a mean period of 349.07 ± 22.15 days in group (I) and 351.86 ± 11.77 days in group (II) (p > 0.05). The mean period for return to work was 54.21 ± 9.91 days in group (I) and 53.63 ± 21.50 days in group (II) (p > 0.05). Two more mortality cases happened during the follow-up period (one in each group). Thus, the overall mortality reached 5.19%.


      Discussion

      


      HHC is caused by various causatives including deficiency of folic acid, vitamin B12 and vitamin B6, deficiency in enzymes like cystathione beta-synthase, methionine synthase, methylene tetrahydro-folate reductase, intake of methotrexate, phenitoin, nitrous oxide, theophylline, L-dopa, cholestramine, niacin, smoking, chronic alcoholism and coffee consumption [1,5,19].


      Affected patients with HHC have a high incidence of vascular pathology that may result in early death from myocardial infarction, stroke, or venous thromboembolism [20]. Prior investigations have shown that HHC is associated with an increased risk for cardiovascular disease, including coronary artery disease, peripheral arterial disease, stroke, and venous thrombosis [21,22]. Moreover, HHC has been associated with increased risk of morbidity and mortality in patients with established coronary artery or cerebrovascular disease [23]. Even modest increases in the concentration of HCY have been reported in patients with coronary artery disease, stroke, and peripheral vascular disease [19]. The interaction of HHC with dyslipidemia, hypertension, diabetes and smoking is strong, and the combined effect of these factors is additive [24].


      The possible mechanisms for HHC leading to the development of atherosclerosis may be due to various factors including endothelial cell damage, smooth muscle cell proliferation, thromboembolism, and inability to sustain S-nitrose-homocysteine (a potent vasodilator and inhibitor of platelet aggregation) formation because of imbalance between nitric oxide production by dysfunctional endothelium and HCY [1,25].


      Plasma HCY is significantly lower in premenopausal women than young men but after menopause basal homocysteinemia increases significantly in women approaching those in men. It seems likely that altered hormonal status and age related low folate intake are responsible for this. For women, cardiovascular disease is largely a disease of post menopause. A woman's risk of heart disease is far lower than man's risk until after menopause. This change in incidence of heart disease may be related to advancing age, changes in hormonal milieu, or other unknown factors [26].


      The association between homocystinuria, a genetic disorder with extremely high plasma HCY levels (in excess of 100 micro.mol/L), and premature atherosclerosis, increased risk of thromboembolism and premature death has been known for more than last five decades [13]. This lead to series of epidemiological investigations that have shown that even moderate elevation of HCY is associated with increased risk of coronary artery disease, peripheral arterial disease, stroke, and venous thromboembolic disease [21,22].


      Storti, et al. [27] studied the changes in HCY levels in a population of patients who underwent CABG. They detected a mean preoperative value 17.3 micro.mol/L comparable to 18.55 ± 1.11 micro.mol/L in our study and higher than the one mentioned in the study done by Ranucci, et al. [13] which was 15.4 ± 8.3 micro.mol/L. They stated that HCY levels significantly decreased after the operation. However, no outcome analyses were performed in this study, which included 48 patients compared to 77 patients in our study who received meticulous analysis of postoperative outcomes. Ranucci, et al. [13] suggested heightened risk of perioperative morbidity and mortality in patients with elevated HCY levels undergoing surgical coronary revascularization. However, the previously quoted studies suggested that in patients with cardiovascular disease, elevated HCY levels confer heightened risk of adverse events over intermediate or long-term follow-up [13,21-23]. These results meet ours as regards our findings of significant preoperative variables (more previous MI attacks, more CCU admissions, lower LVEF%, higher EuroSCORE, more peripheral vascular disease and surgeries, more previous cerebrovascular accidents, more number of affected coronary vessels and higher peak serum creatinine levels) and postoperative outcomes (low cardiac output syndrome, need for IABP insertion, more cerebrovascular accidents, acute renal failure and higher peak serum creatinine level). These adversely impacting outcomes were reflected on the prolonged duration of postoperative mechanical ventilation, period of ICU stay and total period of hospital stay although the overall hospital complication rate was 12 (35.29%) and 13 (30.23%) for group (I) and (II) respectively (p > 0.05). During the follow-up period, both groups expressed comparable results with no statistical significance, the overall one-year survival was 94.11% and 95.34% in group (I) and (II) respectively (p > 0.05) and the overall mortality was 4 (5.19%) (two deaths from each group; one in-hospital, and one during the follow-up period) (p > 0.05). Thus, operative and postoperative mortality was found not to be associated with HHC.


      Our results confer and emphasize the association of HHC with the postoperative adverse events particularly thromboembolic ones as has been stated before [23]. The experimental hypothesis was that patients with HHC would have a higher rate of post-operative thromboembolic events than patients without HHC and the rate of thromboembolic events in patients with HHC was assumed to be twice that in those without HHC [13]. Ranucci, et al. [13] mentioned collectively 7.4% incidence of thromboembolic events (myocardial infarction, stroke, mesenteric infarction, pulmonary and peripheral embolism) compared to ours 8.82-11.76%. This is not surprising if we consider the hypothesis on the mechanisms underlying the association of HHC with adverse outcomes in patients with cardiovascular disease where high level of HCY impairs endothelial function and decreases the bioavailability of nitric oxide from endothelial cells. It also reduces the affinity of the anticoagulant antithrombin to bind to endothelial cells [28] and it may limit the coagulation inhibitory effect normally exerted by the thrombomodulin-protein C complex through a reduction in protein C activation rate [28]. These mechanisms decrease endothelial resistance to thrombosis, reduce vasodilatory effects of nitric oxide, and promote thrombosis. Thus, on-pump CABG operations with CPB which itself leads to the hypercoaguable state by the generation of massive doses of thrombin that consumes antithrombin [29] by decreasing nitric oxide synthesis [29,30] and by reducing protein C and tissue factor pathway inhibitor [31]. Therefore, it seems reasonable why HHC may further aggravate the hypercoaguable state, thereby increasing the thromboembolic risk in these patients. These mechanisms are supported by the fact that the great majority of perioperative complications observed in patients with HHC undergoing CABG seem to be thromboembolic events resulting from either macrovascular clots in cerebral circulation or microvascular thrombosis in coronary and renal microcirculation (low cardiac output and acute renal failure) accounting for 9% probability increase for each 1 micro.mol/L increment [13].


      Ranucci, et al. [13] found that the increased risk of adverse events was only partially explained by older age and greater comorbid conditions such as lower left ventricular ejection fraction and lower creatinine clearance (accounting for their higher EuroSCORE) but HHC remained an independent correlate of higher need for blood transfusion, acute renal failure, low cardiac output syndrome, any thromboembolic event, but more importantly, in-hospital mortality. The association of elevated HCY level with mortality was observed predominantly among patients undergoing CABG, but not in patients undergoing isolated valve surgery. However, they stated that preoperative HCY levels have an acceptable predictive ability for thromboembolic events, but lower for in-hospital mortality. Our study group population was younger. The mean age was 64.34 ± 5.81 years in group (I) and 60.95 ± 6.54 years in group (II) compared to 71 (61-77) years in their study. The mean LVEF% was 52.33 ± 4.12 and 59.71 ± 3.35 for group (I) and (II) respectively compared to 50 (38-57)% in their study. The mean peak serum creatinine (mg/dl) was 1.36 ± 0.29 and 0.90 ± 0.35 for group (I) and (II) respectively compared to 1.2 (1-1.6) in their study. Group (I) had EuroSCORE 4 (2-7) and group (II) had 3 (2-5) compared to 6 (3-10) in their study. Thus, our study group expressed younger age, better LVEF% and EuroSCORE and still HHC was associated with adverse postoperative outcomes. However, it was not associated to the previously claimed operative and postoperative mortality and did not influence one-year survival.


      The prevalence of HHC in the pre-CABG population is unknown. However, it is reasonable to assume it to be higher in patients with cardiovascular disease than the 11% prevalence of HHC described in the European population [18]. The study by Ranucci, et al. [13] suggested that the prevalence of pre-operative HHC is high, with two of every five patients undergoing cardiac surgery having elevated HCY values more than 15 micro.mol/L. They assumed a prevalence of 30% in their patient population which included ischemic and valvular cardiac operations. We found a prevalence of 44.15% among our IHD postmenopausal women; a figure that seems to be more fitting and representative particularly for this subset cohort.


      Folic acid, alone or combined with other B vitamins, is safe and effective in lowering plasma HCY levels [32]. It is required for HCY metabolism and folate deficiency is associated with elevated HCY concentrations. Thus, supplementation of folic acid reduces HCY levels in normal subjects and in patients at risk for cardiovascular disease [33,34]. It is well known that vitamin supplementation lowers HCY concentrations and reverses endothelial dysfunction in almost all subjects with HHC, regardless of the underlying cause [1,24].


      The observation of an association between a raised plasma homocysteine level and the occurrence of coronary atherosclerosis may imply the need for greater efforts to correct the nutritional factors that affect HCY metabolism [19]. Our study has shown that HHC is associated with IHD and it is a risk factor for coronary atherosclerosis. Thus, we suggest that preoperative ischemic postmenopausal ladies with HHC should be treated with folic acid (2-5 mg/day) [33,34], vitamin B12, and vitamin B6. Moreover, the factors that may raise the serum HCY level such as use of certain drugs, smoking, chronic alcohol and coffee consumption should be avoided. However, treating patients who have HHC with these vitamins has failed to decrease cardiovascular morbidity and mortality in two completed large randomized controlled trials [18,35]. Thus, this high-risk group of perioperative thromboembolic events could be offered other surgical approach without CBP (off-pump CABG) or pharmacological supplementation with antithrombin may be beneficial in improving outcomes [29,36].


      Conclusion

      


      HHC was found to have high prevalence among postmenopausal women having IHD and undergoing CABG surgery. It was found to be associated with adverse postoperative complications as well as preoperative thromboembolic and cardiovascular insults. On-pump CABG aggravates the thrombotic potentiality in these patients. However, operative and postoperative mortality as well as one-year survival were not associated with HHC. Preoperative assay of HCY level and HHC stratification in the reviewed pre-CABG risk factors are recommended. Preoperative supplementation with folic acid, vitamin B12 and vitamin B6 may play a role in lowering the preoperative HCY level, thus, lowering the proposed postoperative adverse outcomes. Therapeutic strategies such as preoperative aggressive treatment with antiplatelet or anticoagulant drugs may also be tried to reduce the thrombogenic risks for this subset of patients. This study may raise attention for further researches to HHC; a variable that has been associated with postoperative complications.


      Limitations

      


      The limitations of our study were the reduced number of the study population and the short-term one-year follow-up. Effect of HHC on intermediate and long-term outcomes was not involved in the study. Our results were confined to the postmenopausal women undergoing elective on-pump isolated CABG. Thus, male sex, combined CABG, off-pump CABG, urgent/emergent CABG and valvular surgeries were not in the scope of our study.
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