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Introduction: Cardiovascular disease (CVD) is the leading cause of morbidity and mortality in kidney transplant recipient (KTR). There is a dearth of standardized guidelines on optimal cardiovascular evaluation of transplant candidates.



Methods: This single-center cohort study aims to determine the effectiveness of our standardized risk-stratified pretransplant cardiovascular screening protocol, which includes coronary angiography (CAG), in identifying advanced CVD, the proper pretransplant management of which could lead to a reduction in the incidence of major cardiac events (MACE) in the early posttransplant period.



Results: Out of the total 776 KTR transplanted between 2017 and 2019, CAG was performed on 541 patients (69.7%), of whom 22.4% were found to have obstructive coronary artery disease (CAD). Asymptomatic obstructive CAD was observed in 70.2% of cases. In 73.6% of cases, CAG findings resulted in myocardial revascularization. MACE occurred in 5.6% (N = 44) of the 23 KTR with pretransplant CVD and 21 without pretransplant CVD. KTR with posttransplant MACE occurrence had significantly worse kidney graft function at the first year posttransplant (p = 0.00048) and worse patient survival rates (p = 0.0063) during the 3-year follow-up period compared with KTR without MACE. After adjustment, the independent significant factors for MACE were arrhythmia (HR 2.511, p = 0.02, 95% CI 1.158–5.444), pretransplant history of acute myocardial infarction (HR 0.201, p = 0.046, 95% CI 0.042–0.970), and pretransplant myocardial revascularization (HR 0.225, p = 0.045, 95% CI 0.052–0.939).



Conclusion: Asymptomatic CVD is largely prevalent in KTR. Posttransplant MACE has a negative effect on grafts and patient outcomes. Further research is needed to assess the benefits of pretransplant myocardial revascularization in asymptomatic kidney transplant candidates.
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1 Introduction

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality in both patients with advanced chronic kidney disease (CKD) and kidney transplant recipients (KTR). The prevalence in these patient populations is approximately 30 times higher compared with age-adjusted non-CKD populations (1, 2). Furthermore, an increased incidence of infections during the first year after transplantation contributes to a higher morbidity and mortality rate of KTR. The persistent inflammatory state associated with kidney transplantation may be aggravated by both endogenous and exogenous stimuli, leading to further activation of immune system which is a prerequisite for developing CVD (3). Prior to transplantation, the patients are already exposed to a uremia-associated chronic proinflammatory environment, which is characterized by elevated levels of proinflammatory cytokines (interleukin-6, IL-6, fibroblast growth factor-23, FGF-23), C-reactive protein (CRP), oxidative stress, endothelial dysfunction, and a calcium–phosphate metabolism disorder (4). This preexisting inflammatory state may be enhanced by posttransplant factors such as an inflammatory cytokine storm induced by donor brain death, ischemia-reperfusion injury, donor-specific antibodies associated with allograft rejection, cytomegalovirus infection stimulating innate immunity via interferon-stimulated genes, and calcineurin inhibitors (CNI) commonly used as concomitant immunosuppressive agents that promote endothelial activation, dysregulation of lipid and glucose metabolism, and hypertension (3, 5, 6). These pre- and posttransplant factors contribute to the acceleration of atherosclerosis and to an increased risk of cardiovascular events in KTR.

Recently, due to a marked improvement in patient survival, the criteria for accepting transplant candidates have been expanded, and the number of high-risk patients with CVD referred for transplantation has thus increased. Therefore, a complex pretransplant examination, especially of the cardiovascular system, has become ever more crucial for the proper assessment of the transplant candidates' suitability for transplantation and for the minimization of the incidence of posttransplant cardiovascular events that could negatively impact transplant outcomes. The data concerning pretransplant myocardial revascularization remain ambiguous due to a lack of clear evidence as to its beneficial impact on the posttransplant course of patients, particularly asymptomatic patients, as even controlled randomized studies in non-CKD populations did not provide any such evidence (7–9). Current guidelines recommend the performance of resting electrocardiography (ECG) and echocardiography (ECHO) in all renal transplant candidates. However, there were no definite guidelines on how to approach asymptomatic candidates or candidates with known CVD. For this reason, the scope of the cardiological examination was based on the risk stratification defined in the 2012 scientific statement by the American Heart Association/American College of Cardiology Foundation (AHA/ACC) that was written specifically for patients with ESRD being evaluated for kidney transplantation (10). These recommendations were based on published studies, surveys, and registry data and took into account the medical history, physical examination, cardiac conditions, and presence of risk factors. Risk factors such as age over 60 years, hypertension, dyslipidemia, smoking, diabetes mellitus, history of CVD, left ventricular hypertrophy, and dialysis therapy of more than a year are already present in most patients who are referred for kidney transplantation, and thus they can be stratified as “high-risk” patients (11). The recently published AHA scientific statement from 2022 provides clinicians additional precise guidance by specifically addressing the concerns of kidney transplant candidates (12).

In ESRD patients, clinically silent CVD is very common, and normal findings on the ECG and ECHO do not exclude serious coronary involvement. The majority of published studies recommend extended cardiovascular screening, including non-invasive cardiac stress tests (dobutamine stress echocardiography, myocardial perfusion scan) and coronary angiography (CAG), only in patients with multiple risk factors (13, 14). The situation in CKD patients is further complicated by the fact that there are significant differences in the sensitivity and specificity of cardiac stress tests ranging from 38% to 95% accuracy, despite the strong positive predictive value of up to 96% when detecting obstructive coronary artery disease (CAD) (15, 16). Besides ECG and ECHO, the gold standard for assessing the condition of the cardiovascular system is CAG, which represents the only method that allows for an objective assessment of the condition of patients’ coronary arteries regardless of distinct symptoms that are often absent in the majority of end-stage renal disease (ESRD) patients. An alternate modality to CAG that can be used for imaging of the coronary arteries is CT angiography (coronary computed tomography angiography, CCTA), especially in the patients in whom non-significant finding is expected (17).

In this study, we aim to evaluate whether our standardized risk-stratified pretransplant cardiovascular protocol that includes CAG screening in addition to ECG and ECHO may be useful in the detection of advanced cardiovascular disease, the proper pretransplant management of which could lead to a reduction in the incidence of major cardiac events (MACE) in the early posttransplant period.



2 Materials and methods


2.1 Study design

This single-center, observational retrospective cohort study was conducted in adult patients who underwent kidney transplantation at our center between January 2017 and December 2019. Prior to transplantation, all individuals were evaluated using our standardized pretransplant risk-stratified cardiovascular protocol consisting of resting 12-lead electrocardiography (ECG), resting thoracic echocardiography, and coronary angiography. ECG and ECHO were performed in all kidney transplant candidates, while CAG was performed only in high-risk patients. A high-risk patient was defined as a patient with a presence of several risk factors: age over 40 years and/or with a history of diabetes, CVD or cardiovascular symptoms, and/or pathological findings on ECG and ECHO. A low-risk patient was defined as a patient aged 40 years and younger, with the absence of diabetes, with the absence of CVD or its symptoms, and with normal findings on resting ECG and ECHO (Figure 1). The pretransplant cardiovascular disease was recorded in patients with a history of myocardial infarction, heart failure or cardiac revascularization, percutaneous coronary intervention (PCI), and/or coronary artery bypass graft (CABG). A significant obstructive coronary artery disease was defined as stenosis of 50% or more of the left coronary artery (LCA) or 70% or more in at least one epicardial coronary artery or branch vessel detected using CAG (18, 19). Based on the findings, the patients were further indicated to stay on conservative therapy or to undergo myocardial revascularization, CABG, or PCI with (95.8% of patients) or without (4.2% of patients) last-generation drug-eluting stents (DES), according to the cardiological standard of care.
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FIGURE 1
Pretransplant cardiovascular disease screening algorithm. Risk-stratified cardiovascular disease screening algorithm used in kidney transplant candidates at our center. It takes into account age, presence of diabetes, history and symptoms of cardiovascular disease, and pathological ECG and/or ECHO findings as risk factors, thereby distinguishing “low-risk” and “high-risk” kidney transplant candidates. CAD, coronary artery disease; DSE, dobutamine stress echocardiography; ECG, electrocardiography; ECHO, echocardiography; EF, ejection fraction; LV, left ventricle; MPS, myocardial perfusion scan.


The primary endpoint was to determine the effect of our cardiovascular disease screening algorithm on the detection rate of obstructive CAD and on assessing the need for myocardial revascularization prior to transplantation. The secondary endpoint was to evaluate the impact of pretransplant CVD detection and management on the incidence of MACE in the early posttransplant period and to specify the prognostic indicators of MACE. MACE was defined as the need for a revascularization procedure (PCI, CABG), symptomatic arrhythmia (atrial fibrillation/flutter) with the need for intervention (electrocardioversion, radiofrequency ablation), myocardial infarction, heart failure, and sudden death (20, 21).



2.2 Statistical analysis

Continuous variables are expressed as medians (min, max) and compared using the Wilcoxon test, and categorical variables are expressed as N and a percentage of the total and compared using Pearson's chi-squared test. Survival analysis was performed using the Kaplan–Meier method, and the differences between groups were compared using the log-rank test. Univariable and multivariable Cox regression models were used to identify the risk and prognostic factors associated with posttransplant MACE. A p-value of less than 0.05 was considered statistically significant. The statistical analysis was performed using IBM SPSS Statistics, version 24 (International Business Machines Corp.) and RStudio software, version 4.1.3 (2022-03-10), development for R (RStudio, Inc., Boston, MA).




3 Results


3.1 Study cohort

A total of 776 kidney transplant recipients (KTR) enrolled in this study were followed for outcome measures for an average of 3 years posttransplant. The patients were analyzed based on the presence of pretransplant cardiovascular disease and posttransplant outcome measures.

The majority (93.6%) of KTR was transplanted from deceased donors, and 95.1% of KTR were on dialysis therapy (80% on hemodialysis, 20% on peritoneal dialysis). In our cohort, 94.7% of KTR treated with hemodialysis prior to transplantation were dialyzed using AV fistula, and 5.3% used a central venous catheter. The average vintage of dialysis before kidney transplantation was 2.2 years (median 2 years). After kidney transplantation, all KTR received our standard triple immunosuppressive therapy consisting of calcineurin inhibitor (CNI), purine synthesis inhibitor (mycophenolate mofetil, MMF), and steroids.

According to our risk-stratified cardiovascular algorithm, CAG was performed on a total of 541 out of 776 patients (69.7%). The obstructive CAD was detected in 121 of 541 KTR (22.4%). In 85 of 121 KTR (70.2%), CAD was fully asymptomatic and detected using our pretransplant screening protocol. The most commonly affected arteries were the left coronary artery and interventricular branch (LCA/RIA) (N = 78, 65.3%), right coronary artery (RCA) (N = 45, 37.2%), diagonal branch (N = 33, 27.3%), and obtuse marginal (OM) (N = 32, 26.4%) branch. Out of the total number of patients, 26 (21.5%) had two-vessel disease (2-VD), and 15 (12.4%) had three-vessel disease (3-VD), resulting in a total of 41 (33.9%) patients with multivessel disease (Table 1).


TABLE 1 Characteristics of 121 patients with pretransplant cardiovascular disease.
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Based on CAG findings, myocardial revascularization was performed in 90 out of 121 patients (74.3%). The majority underwent PCI (N = 61, 67.8%), CABG was performed in 18 patients (20%), and 11 patients (12%) had a history of both PCI and CABG. Conservative therapeutic approach was opted for in 31 cases (25.6%). Asymptomatic obstructive CAD was treated conservatively in 30 patients (35.3%), and 55 patients (64.7%) received treatment either with PCI (N = 41, 74.5%), CABG (N = 10, 18.2%), or with both PCI and CABG (N = 4, 7.3%). Only one patient (2.8%) with a known pretransplant CAD (N = 36) was treated conservatively, whereas 35 (97.2%) patients were treated either with PCI (N = 20, 57.1%), CABG (N = 8, 22.9%), or with both PCI and CABG (N = 7, 20%). Prior to transplantation, 52 patients (43%) were treated with dual antiplatelet therapy (DAPT) due to the performance of myocardial revascularization (Figure 2).
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FIGURE 2
Pretransplant coronary angiography outcome in “high-risk” kidney transplant recipients. Obstructive coronary artery disease was detected in 22.4% of KTR who underwent coronary angiography according to the protocol. KTR with symptomatic CAD (29.8%) were in 97.2% managed with myocardial revascularization prior to transplantation. Asymptomatic CAD was detected in 70.2% of KTR, of which 64.7% were managed using myocardial revascularization as well. CAD, coronary artery disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft.


Out of the 776 KTR, MACE occurred in 44 (5.6%) patients only, 23 with pretransplant CVD and 21 without pretransplant CVD (Figure 3). Interestingly, KTR with pretransplant CVD and posttransplant MACE did not significantly differ in the extent of coronary artery involvement (2-VD and 3-VD) compared with KTR with pretransplant CVD but without posttransplant MACE. Comparing KTR with MACE occurrence, KTR with no pretransplant CVD were younger (p = 0.008), had preserved residual diuresis (p = 0.04), preserved left ventricular ejection fraction (p = 0.048), and a tendency towards more frequent history of arrhythmia (p = 0.052). The most fundamental difference was that KTR with posttransplant MACE occurrence had significantly worse survival rates (log-rank p = 0.0063) during the 3-year follow-up period compared with KTR without MACE occurrence (Figure 4A) and also had worse kidney graft function at the first year posttransplant (p = 0.00048, Figure 4B).
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FIGURE 3
Post-transplant MACE manifestation. The 2-year posttransplant occurrence of MACE in the cohort of kidney transplant recipients. The overall MACE rate was low (5.7%) with a similar distribution between KTR with pretransplant obstructive coronary artery disease and KTR without pretransplant obstructive coronary artery disease. CAD, coronary artery disease; KTR, kidney transplant recipient; MACE, major adverse cardiac event.
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FIGURE 4
Outcomes of kidney transplant recipients with post-transplant MACE. (A) Kidney transplant recipients without MACE had significantly better survival compared to kidney transplant recipients experiencing MACE. (B) Kidney transplant recipients with MACE had significantly worse graft survival at 1st year post-transplant.




3.2 Analysis of risk factors for MACE

The univariable Cox regression model identified the most significant variables positively affecting MACE, including pretransplant CVD (HR 0.070, p < 0.001, 95% CI 0.035–0.136), asymptomatic CVD detected by pretransplant evaluation (HR 0.343, p = 0.001, 95% CI 0.035–0.136), pretransplant myocardial revascularization using PCI/CABG (HR 0.251, p < 0.001, 95% CI 0.135–0.470) with dual antiplatelet therapy (HR 0.397, p = 0.014, 95% CI 0.190–0.828), and, surprisingly, the history of myocardial infarction (HR 0.181, p = 0.018, 95% CI 0.044–0.750). History of arrhythmia (HR 3.051, p = 0.001, 95% CI 1.613–5.770) and radiofrequency ablation (HR 6.449, p < 0.001, 95% CI 2.493–16.680) were found to negatively affect MACE occurrence. Pulmonary hypertension showed some tendency, but the findings did not reach statistical significance (HR 1.938, p = 0.091, 95% CI 0.900–4.172) (Table 2).


TABLE 2 Univariable analysis of risk factors for MACE.
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The multivariable Cox regression model was constructed based on the results from the univariable regression model. After adjustments for radiofrequency ablation, pulmonary hypertension, and pretransplant antiplatelet therapy, the independent significant factors for MACE remained arrhythmia (HR 2.511, p = 0.02, 95% CI 1.158–5.444), pretransplant history of acute myocardial infarction (HR 0.201, p = 0.046, 95% CI 0.042–0.970), and pretransplant myocardial revascularization (HR 0.225, p = 0.045, 95% CI 0.052–0.939) (Table 3).


TABLE 3 Multivariable analysis of risk factors for MACE.
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4 Discussion

The increasing numbers of high-risk cardiac patients are being considered as potential candidates for kidney transplantation. The main role of pretransplant evaluation is to determine whether the benefits of transplantation outweigh the risks of posttransplant cardiovascular complications in particular. Thus, screening for cardiovascular disease is essential for kidney transplantation acceptance. Pretransplant cardiovascular assessment approaches differ across transplantation centers due to the lack of standardized guidelines, which are currently based rather on recommendations that prioritize local practice (14, 22, 23).

Our study analyzed the effectiveness of our pretransplant risk-stratified protocol using screening coronary angiography in detecting significant cardiovascular disease in patients undergoing renal transplants and the impact of this approach on the incidence of posttransplant cardiac events. We believed that CAG is the most effective approach for CAD detection because in ESRD patients, the sensitivity and specificity of stress tests used for the detection of significant CAD are insufficient despite the high negative predictive value (15, 24, 25).

Based on our protocol, obstructive CAD was determined in 22.4% KTR who underwent CAG as “high-risk” patients, out of which 70.2% were clinically asymptomatic. The majority of patients with significant CAD (74.3%) were further treated with myocardial revascularization, PCI in 67.8%, CABG in 20%, and a combination of both PCI and CABG in 12%. Our findings are consistent with the knowledge of the high prevalence of CAD in patients with ESRD, particularly in those on dialysis (26, 27). Low occurrence of cardiac symptoms in dialyzed patients, including in those with advanced obstructive CAD, might be the cause for the underestimation of cardiovascular disease in this patient population. However, there still remains hesitation concerning the routine use of pretransplant coronary angiography for the detection of CAD in transplant candidates. This is because recent studies have not found conclusive evidence regarding the long-term impacts of prophylactic revascularization on patient morbidity and mortality (8, 18, 28). The prospective randomized ISCHEMIA-CKD trial including 777 patients with advanced chronic kidney disease (eGFR < 30 ml/min or dialysis dependence) did not conclude any cardioprotective benefits of myocardial revascularization in comparison with conservative strategies referencing the 3-year event rate of non-fatal myocardial infarction or death being 29% and 30%, respectively (29). However, several other studies detailed more frequent and more severe coronary adverse events and higher rates of death at 5 years posttransplant in patients in whom advanced CAD was being managed medically compared with those who had myocardial revascularization prior to transplantation (30–32).

On the other hand, there is some awareness regarding the association between CAG, myocardial revascularization, and a threefold increase in periprocedural morbidity and mortality in ESRD patients compared with non-CKD patients (33). In our cohort, we have not registered any major periprocedural complications, probably due to the elective nature of the conducted CAG. In general, the risk of experiencing major periprocedural complications appears to be low, varying between 0.1% and 0.25%, respectively, being 0.05% in diagnostically performed CAG (34). Similarly, another argument for not performing CAG routinely might be the risk of deterioration of residual renal function (RRF). RRF is an important predictor of survival in dialyzed patients; therefore, it is an effort to preserve RRF as long as possible. Recent studies analyzing the effect of contrast media on RRF have concluded that RRF is not significantly influenced by intravascular administered iso-osmolar contrast media with adequate prehydration in ESRD patients (35–38).

Nevertheless, a significant decrease in the risk of myocardial infarction and death in ESRD patients with multivessel CAD treated with CABG compared with PCI has been well determined. The use of multiple PCI procedures has shown similar benefits in patients with multivessel CAD (39, 40). Observational accounts also point to the long-term benefits of surgical revascularization in ESRD patients in cases of obstructive CAD compared with conservative management (31, 41, 42). Other concerns include longer waiting time of transplant candidates caused by the administration of dual antiplatelet therapy due to myocardial revascularization. However, we have observed that the pretransplant administration of dual antiplatelet therapy has a significantly beneficial impact on posttransplant occurrence of cardiac events, similar to the impact of myocardial revascularization performed in cases of significant CAD (20, 43). Moreover, the use of last-generation drug-eluting stents reduced the need for DAPT therapy to only 3–6 months.

Major cardiac adverse events were observed in only 5.6% (44) of all KTR, out of which 23 had pretransplant CVD and 21 had no pretransplant CVD. The groups presented similar types of MACE and posttransplant survival rates (Table 4). This observation may be explained by preserved echocardiographic prognostic factors such as left ventricular geometry and ventricular kinetics (7, 44, 45). We believe that the low number of posttransplant MACE in our cohort is just due to the detection and adequate treatment of cardiovascular findings prior to transplantation.


TABLE 4 Characteristics of 44 patients experiencing MACE.
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Regarding the independent risk factors for posttransplant MACE occurrence in our cohort, we observed that arrhythmias and radiofrequency ablation performed prior to transplantation were found to significantly increase the risk of MACE (Table 2). Due to the high prevalence of ECG abnormalities in ESRD patients, we included only KTR with a documented history of persistent atrial fibrillation or pretransplant atrial fibrillation treated with radiofrequency ablation. This observation has an important clinical impact as the presence of atrial fibrillation at the time of transplantation not only increases the risk of cardiac complications, but also increases the risk of death at 5 years posttransplant (46, 47). Furthermore, the presence of cardiovascular disease and a history of myocardial infarction were identified as the strongest factors in preventing the occurrence of posttransplant MACE (Table 3). Based on our findings, it may be suggested that optimal myocardial revascularization and favorable echocardiographic findings made the acceptance of candidates for renal transplantation possible. For this reason, it is crucial to evaluate cardiological findings under conditions of effective dialysis and optimal hydration to avoid misinterpretation. There is evidence that dialysis efficiency, not dialysis modality (hemodialysis or peritoneal dialysis), is associated with the incidence of CVD (48, 49, 50). Heart failure is an important predictor of mortality in dialyzed and transplanted patients. Approximately 80% of patients with heart failure and systolic–diastolic dysfunction die within 3 years (51). Despite the clearly positive effect of a functional transplanted kidney on cardiac function, patients with a history of heart failure have a more than two times higher risk of heart failure or death, even 5 years after transplantation (52, 53). This risk increases as the ejection fraction decreases (54). Heart failure was observed as one of the most frequent MACE in our cohort. There was no significant difference observed between the groups in terms of the incidence of MACE or death caused by heart failure (50%), reaching approximately 20% of KTR experiencing these outcomes. Our findings appear to be in accordance with published data.

Pulmonary hypertension, with a prevalence rate ranging from 18%–56% in ESRD patients, is known to be a strong independent prognostic factor of morbidity and mortality in both patients with CKD and KTR, as well as of lower graft survival (55–57). In our cohort, pulmonary hypertension was found in 8.3% (10) of patients with CVD, out of which only three (13%) patients developed MACE. Approximately 24% of patients without pretransplant CVD but with posttransplant MACE occurrence had pulmonary hypertension. The higher prevalence of pulmonary hypertension might be considered a prognostic factor for MACE in patients without pretransplant CVD, despite preserved myocardial kinetics (21, 58). However, the rate of pulmonary hypertension did not reach statistical significance, probably due to the small number of patients whose endpoint was MACE occurrence (Table 2). The similar percentage rate of patients who experienced the occurrence of MACE irrespective of CVD in our cohort supports the finding that atherosclerotic CAD represents only a portion of cardiovascular complications occurring in KTR. Dysrhythmias with high prevalence of systolic or diastolic dysfunction, left ventricular hypertrophy, and electrical instability are associated with approximately 50% of cardiovascular deaths in KTR (59). Siddiqui et al. (60) recently published a meta-analysis evaluating eight studies pertaining to the subject of strategy in kidney transplant candidates with established CAD. Independent of whether the management of CAD was invasive or conservative, they found no differences regarding all-cause mortality, cardiovascular mortality, and the occurrence of MACE, including myocardial infarction, heart failure, and arrhythmias. Based on this analysis, their recommendation is to perform revascularization procedures exclusively on patients with anatomically high-risk CAD in whom the intervention might be beneficial for the improvement of survival, but to not revascularize asymptomatic CAD patients routinely if the sole aim is to reduce the occurrence of perioperative cardiac events.

Among the factors that have an impact on posttransplant cardiovascular complications, the influence of concomitant immunosuppression cannot be neglected. Currently, KTR are standardly treated with a triple immunosuppressive regimen consisting of calcineurin inhibitor, purine synthesis inhibitor (MMF), and steroids. There are multiple studies suggesting the effects of CNI on human hearts, particularly on hypertrophy or increased left ventricle mass (61, 62). Recently published review dealing with cardiovascular effect of immunosuppressives reported that the increase of left ventricle mass may be primarily driven by CNI-induced fibrosis and collagen deposition rather than cardiomyocyte remodeling. On the other hand, there are no data suggesting the link between purine synthesis inhibitors and cardiac hypertrophy or fibrosis (63). This potential impact of CNI on the progression of CVD should be taken into account as a part of pretransplant decision-making process, particularly in marginal kidney transplant candidates.

In our study, we observed negative impacts of posttransplant cardiac events in all patients in whom MACE occurred, irrespective of the presence of CVD. Despite the similar characteristics of the patients with pretransplant CVD, those who experienced the occurrence of MACE had significantly worse renal graft function at 1 year and higher mortality rates. The patients without pretransplant CVD but with posttransplant MACE occurrence showed unfavorable outcomes comparable with those of the patients with pretransplant CVD and posttransplant MACE occurrence (Table 4). The patients with posttransplant MACE showed significantly worse renal graft function and patient survival rates in comparison with those without cardiac complications (Figure 4). Due to the lack of prospective randomized trials in renal transplant candidates, the optimal modality for the screening and management of ischemic heart disease in this patient population remains a matter of debate, and current practice guidelines suggest excluding asymptomatic CVD patients from routine invasive testing and proceeding them to transplantation (64). The 2022 AHA scientific statement recommends performing cardiac catheterization in asymptomatic kidney transplant candidates without a history of CVD individually based on the findings of the resting ECHO examination. Regarding the kidney transplant candidates with known CVD, it is recommended to have direct cardiac catheterization in patients with cardiac symptoms or in cases of pathological findings on a stress test in patients who have no cardiac symptoms. Currently, there is no established practice of routinely performing revascularization procedures on stable and asymptomatic kidney transplant candidates only for the purpose of reducing long-term cardiovascular mortality. However, pretransplant revascularization should be individualized depending on the risk associated with delayed transplantation and the benefits of reducing cardiovascular risk (12). Currently, there is a lack of guidelines or recommendations addressing the possible impact of pretransplant cardiovascular revascularization on short- or medium-term cardiovascular mortality.

We believe our observations might prove useful for optimizing the evaluation approaches used to assess pretransplant cardiovascular patients in kidney transplantation prior to listing candidates for transplantation, including candidates with asymptomatic advanced CVD.



5 Conclusion

Advanced cardiovascular disease is prevalent and largely asymptomatic in patients undergoing kidney transplantation. Posttransplant cardiovascular events are associated with decreased graft survival rates and adverse patient outcomes. Further studies are required to assess the benefits of pretransplant myocardial revascularization in asymptomatic kidney transplant candidates.


5.1 Strengths and limitations

This study aimed to describe our single-center experience with an algorithm that was developed as a part of a collaboration between transplant nephrologists and cardiologists to assess cardiovascular risk prior to kidney transplantation. The strengths of our study include the number of patients in whom CAG was performed in accordance with the pretransplant protocol and the availability of all data obtained from both ECHO and CAG procedures.

The presented study was conducted retrospectively at a single center. Another limitation of the study is its short-term design, allowing us to present only short-term patient outcomes. Thus, we are not yet able to provide insights on the long-term impacts of our pretransplant cardiovascular screening algorithm on patient morbidity and mortality rates. We specifically focused our analysis on patients who underwent kidney transplantation, excluding those who were not accepted for the procedure.
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