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Abstract: Objectives: The Fontan operation has increased survival in patients with single-ventricle congenital heart defects. However, Fontan survivors are at risk of other organ dysfunctions, such as renal dysfunction (RD). The objectives of this study are to assess the prevalence of and potential risk factors for RD among Fontan survivors. Design, setting, and patients: We performed a two-center, cross-sectional study that included Fontan survivors evaluated in outpatient-clinics for routine follow up between 01/08-12/16. Outcome measures: The primary outcome was the presence of RD defined by estimated glomerular filtration rate (eGFR) of <90 ml/min/1.73 m2 derived using the serum creatinine-based Full Age Spectrum equation. Chi-square and t-tests were used to compare groups with and without RD. A multivariable logistic regression model was derived to identify risk factors associated with the presence of RD using stepwise variable selection methods. Additionally, using eGFR as a continuous variable, a linear regression model was derived to evaluate risk factors that negatively correlate with eGFR. Results: We included 402 Fontan survivors; 61% male; median age 13.7 (2.3–49.9) years; median time since initial Fontan 9.8 (0.1–36.9) years. RD was present in 27.4% (110/402) of patients. Risk factors for RD included single ventricle with right ventricular morphology [odds ratio 2.04; 95% CI (1.26,3.3)], ascites [2.99 (1.04,8.59)] and sildenafil therapy [2.22 (1.05,4.67)]. Risk factors that negatively correlate with eGFR included history of Stage 1 Norwood palliation (−7.6 ml/min/1.73 m2; p = 0.003); “failing Fontan physiology” defined by ascites, protein-losing enteropathy and/or plastic bronchitis (−8.9 ml/min/1.73 m2; p = 0.01) and moderate or greater ventricular dysfunction (−16.7 ml/min/1.73 m2; p = 0.02). Conclusions: One-fourth of Fontan survivors demonstrate RD within ten years after Fontan. Risk factors for RD included right ventricular morphology of the single ventricle, history of Stage 1 Norwood palliation, “failing Fontan physiology,” or ventricular dysfunction. Therefore, comprehensive screening for RD in Fontan survivors is needed, particularly in those identified at a higher risk for RD.
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1  Introduction

Single ventricle congenital heart disease (CHD) is a group of complex congenital cardiac defects where only one of the ventricles is adequately developed. Staged surgical procedures culminating in Fontan palliation have allowed survival in many single ventricle patients [1]; however, Fontan survivors are at risk of secondary organ dysfunction, including renal dysfunction (RD) later in life [2–7]. Although Fontan related renal dysfunction is reported to be tolerated well without significant difference in outcomes in one study of young adults with Fontan palliation that were followed for one decade [7], the presence of RD is associated with worse long-term outcomes in Fontan patients. Multiple studies demonstrate the association of RD with adverse events such as unplanned hospital admissions [8], early post-operative mortality after heart transplantation [9,10], and higher rates of overall mortality [8,11,12]. A systematic review of 28 studies found an association between RD and late mortality after Fontan. While 85/1000 deaths (12%) were attributed to RD, a distinction between RD as part of a multiorgan system failure or intrinsic RD was not made [11]. Despite the association of RD with higher mortality and morbidity, the studies reporting the prevalence of RD in Fontan survivors are limited, with discrepant prevalence rates ranging from 10% to 55% [2–5,13]. The prevalence of RD reported by these smaller or single-center cohort studies has not been confirmed in larger multi-center Fontan cohorts. Most of these previous studies evaluated the presence of RD by using different eGFR equations for children and adults. However, as these patients transition to adult care, change in the eGFR equation for children vs. adults is shown to result in a relatively large increase in their calculated eGFR [14]. Recently, the Full Age Spectrum equation (FAS) has been developed to derive an estimated glomerular filtration rate (eGFR) using serum creatinine (Scr) and adjusting for age and height in children, adolescents, young adults, and older adults [15]. This FAS equation has been validated externally [16,17], and is particularly useful in patients transitioning from pediatric to adult care. It prevents artificial eGFR deviation from the change of an eGFR equation for children to one for adults. Until now, the FAS equation has not been utilized to evaluate renal function in the Fontan population. There is a poor understanding of the risk factors associated with RD in Fontan survivors. Risk factors for RD in adults with any form of CHD include older age, cyanosis, and certain medications [6]. However, the risk factors for RD may differ between single ventricle Fontan patients and two-ventricle CHD patients, due to the unique hemodynamic arrangement in the Fontan circulation that includes the absence of a pumping sub-pulmonary chamber, higher central venous pressure (CVP) [18] and reduced renal perfusion pressure [19]. Two prior studies have reported an association of increased CVP [5] and a longer time since Fontan palliation [3] with RD in Fontan survivors. Apart from these two small cohort studies that included 67 and 152 patients, respectively, the risk factors for RD in Fontan survivors remain unclear. While it is clear that RD in Fontan survivors impacts outcomes, data regarding its prevalence and associated risk factors remain very limited. A more complete understanding and assessment of RD prevalence and associated risk factors may allow for the development of interventions to improve long-term outcomes in single-ventricle patients requiring the Fontan palliation. This study aimed to evaluate the prevalence of and potential risk factors for RD in Fontan survivors. Specifically, we sought to evaluate the association between demographic, cardiac morphologic, surgical, clinical, and hemodynamic factors with RD in Fontan survivors.

2  Materials and Methods

2.1 Study Design

We performed a cross-sectional analysis of a two-center cohort approved by the institutional review boards at both the Ann & Robert H. Lurie Children’s Hospital of Chicago and the Lucile Packard Children’s Hospital Stanford with a waiver of informed consent (IRB 2016-342)

2.2 Study Population

We included all single ventricle CHD patients who had undergone Fontan palliation, attending outpatient pediatric cardiology or adult CHD clinic for their routine outpatient follow up, and who had concurrent Scr assessment at one of the two participating tertiary care cardiac centers between January 2008 and December 2016. We excluded patients with known congenital structural renal anomalies. Data pertaining to renal function for patients who had undergone Fontan completion but had a subsequent heart transplant were collected from their last routine outpatient clinic visit before receiving their heart transplant.

2.3 Data Collection

Data were collected for each patient during their most recent routine outpatient clinic visit that included a concurrent Scr assessment. Data sources consisted of electronic medical records, surgical, echocardiography and catheterization databases, including clinic notes, laboratory test results, and echocardiogram reports performed within six months of the clinic visit. Hemodynamic data were obtained from the cardiac catheterization reports prior to their Fontan surgery (Pre-Fontan cath) and after their Fontan surgery (Post-Fontan cath), if available.

Independent variables included demographic characteristics, cardiac morphologic diagnoses, surgical factors, anthropometric measurements, laboratory data, clinical symptoms, medications (diuretics, sildenafil, and angiotensin-converting enzyme inhibitors/angiotensin receptor blockers), echocardiographic findings, and catheterization-based hemodynamics as listed in Tabs. 1–3. Surgical factors included prior Stage 1 Norwood operation, initial Fontan type (extracardiac, lateral tunnel, atrio-pulmonary or other), fenestration at the time of initial Fontan surgery, a history of Fontan conversion surgery, as well as the current Fontan type at the time of the study (extracardiac, lateral tunnel, atrio-pulmonary or other). Clinical symptoms of ascites, protein-losing enteropathy, and plastic bronchitis were recorded if they were indicated either as symptoms or included in the problem list in their electronic medical records. “Failing Fontan physiology” was defined as having ascites, protein-losing enteropathy, and/or plastic bronchitis (any one of the three). Study data were collected and managed using REDCap electronic data capture tools [20] hosted at Northwestern University Feinberg School of Medicine.

Table 1: Comparison of demographic, cardiac morphologic and surgical factors between Fontan survivors with and without renal dysfunction (RD)
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Table 2: Comparison of anthropometric, laboratory, clinical and echocardiographic factors between Fontan survivors with and without renal dysfunction (RD)
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Table 3: Comparison of catheter-based hemodynamic factors between Fontan survivors with and without renal dysfunction (RD)
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The primary outcome was the prevalence of RD in Fontan survivors. We defined RD as a reduced eGFR of less than 90 mL/min/1.73 m2. We calculated eGFR for each patient using the Scr-based FAS equation, which adjusts for age and height [15]. The Scr level was measured by Roche/Hitachi Cobas-C enzymatic assay at Lurie Children’s Hospital and by isotope dilution mass spectrometry method using a Siemens RxL Dimension instrument at Lucile Packard Children’s Hospital. Renal function was categorized according to the eGFR cut-off values suggested by the National Kidney Foundation [21]: normal if eGFR ≥90 mL/min/1.73 m2 or having RD if eGFR <90 mL/min/1.73 m2. The RD group was further sub-classified according to severity: mild RD for eGFR between 60 and 89 mL/min/1.73 m2, moderate RD for eGFR between 30 and 59 mL/min/1.73 m2, and severe RD for eGFR <30 mL/min/1.73 m2.

2.4 Statistical Methods

Variables with a discrete distribution were summarized as counts and percentages, while those with a continuous distribution were presented as mean and standard deviation, or median and range. The study cohort was divided based on eGFR into RD or no-RD groups. Univariate analyses were performed for an initial comparison of candidate factors between these two groups using the Chi-square test for categorical variables and the two-sample t-test with unequal variances and Satterthwaite’s approximation for degrees of freedom for continuous variables. Additionally, to evaluate the relationship between eGFR and catheter-based hemodynamic variables, Pearson correlation coefficients were calculated. Statistically significant risk factors identified by these univariate analyses were then used to create two separate multivariable models using all candidate risk factors using a stepwise selection method. A multivariable logistic regression model was created to evaluate risk factors associated with RD. Additionally, a multivariable linear regression model was created to evaluate risk factors that negatively correlate with eGFR using eGFR as a continuous variable. Statistical significance was established at a two-sided 5% alpha level, and there were no adjustments for multiple testing. All statistical analyses were performed using SAS Enterprise Guide 7.1 (SAS Institute, Cary, NC).

3  Results

3.1 Cohort Characteristics

A total of 402 Fontan survivors were included, with baseline demographic characteristics shown in (Tab. 1).

The median age of Fontan survivors was 13.7 (2.3–49.9) years, 68% were younger than 18 years, and 61% were male. Nearly half (47%) of the cohort had a single ventricle with right ventricular morphology of their single ventricle (single RV), 70% had an extracardiac-type of Fontan palliation as their initial Fontan, and 84% were non-fenestrated. Out of the 58 patients with initial atrio-pulmonary or similar type of Fontan palliation, 53 had undergone a Fontan conversion surgery to an extracardiac non-fenestrated Fontan. At the time of data collection, 84% had an extracardiac Fontan, 13% had a lateral tunnel Fontan, and only five patients (1.3%) had an atrio-pulmonary Fontan.

3.2 Prevalence of RD in Fontan Survivors

RD was noted in 27.4% (110/402) of our cohort. Most patients with RD had mild RD (94/110; 85.5%), and a small percentage had moderate RD (13/110; 11.8%) or severe RD (3/110; 2.7%).

3.3 Risk Factors for RD in Fontan Survivors

Comparison of demographic, cardiac morphologic, and surgical characteristics between groups with and without RD is shown in Tab. 1. Age at the time of initial Fontan operation and age at the time of the study did not differ significantly by RD status. Median duration since the completion of the initial Fontan was about two years less for RD patients. Fontan survivors with RD were more likely to have a single RV. Of the 349 patients with the availability of a prior surgical description of the initial surgical palliation, 119 had Stage 1 Norwood operation. Patients with RD were more likely to have had a prior Stage 1 Norwood palliation as compared to those without RD. Initial Fontan type, Fontan type at the time of the study, and Fontan fenestration at the time of surgery did not differ between groups. (Tab. 2) describes group comparison for anthropometric, laboratory, clinical, and echocardiographic risk factors between patients with and without RD.

Although groups did not differ significantly in age, patients with RD were shorter, weighed less, and had lower body mass index as compared to those without RD. Blood pressure and pulse oximetry recorded during the clinic visit were not different in patients with or without RD. Although the hemoglobin and hematocrit were slightly lower in the RD group, the difference in the mean values (14.2 g/dl vs. 14.8 g/dl) was not deemed clinically significant. Patients in the RD group were 2.5-times more likely to have symptoms of “failing Fontan physiology” and twice more likely to be on sildenafil therapy as compared to those without RD. Although indications for sildenafil therapy were not consistently recorded in the medical records, sildenafil therapy was commonly used for the patients exhibiting symptoms of “failing Fontan physiology” at both participating institutions. Diuretic therapy was associated with RD, although the use of ACE inhibitors or Angiotensin II Receptor blockers was not. Patients with RD were more likely to have echocardiographic findings of moderate or greater regurgitation of their systemic atrioventricular valve and moderate or greater systolic dysfunction of their single ventricle as compared to those without RD.

A comparison of catheter-based hemodynamic variables between the two groups is shown in Tab. 3.

Pre-Fontan catheterization hemodynamic data were available in approximately half of the patients (191/402). The group with RD had higher pre-Fontan mean pressures in the superior vena cava (SVC) and right pulmonary artery, as well as a trend towards higher pulmonary vascular resistance (PVR) as compared to those without RD. Univariate linear regression analysis further evaluating the relationship between these pre-Fontan catheter-based hemodynamic factors and eGFR is shown in Fig. 1. No violations of the linearity assumption were identified in this analysis. The eGFR is negatively correlated with the mean SVC pressures (correlation r = −0.29; p-value <0.001); mean right atrial pressures (r = −0.19; p-value 0.009); and mean right pulmonary artery pressures (r = −0.24; p-value = 0.001) documented on the pre-Fontan cath.
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Figure 1: Linear regression analysis evaluating the relationship of eGFR with pre-Fontan catheter-based hemodynamic characteristics

Post-Fontan cardiac catheterization data after Fontan palliation was typically acquired for hemodynamic evaluation in patients with clinical concerns or for hemodynamic assessment before planned surgical or catheter-based procedures at the two participating institutions Post-Fontan catheterization data were available in approximately half of the patients (192/402). Fontan survivors with RD had lower systemic ventricular systolic pressure, lower aortic mean pressure, and lower systemic vascular resistance as compared to those without RD documented on the post-Fontan cath. Univariate linear regression analysis further evaluating the relationship between these post-Fontan catheter-based hemodynamic factors and eGFR is shown in Fig. 2. The eGFR is positively correlated with the systemic ventricular systolic pressure (r = 0.20; p-value = 0.009) and aortic mean pressure (r = 0.15; p-value = 0.038) after the Fontan operation.
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Figure 2: Linear regression analysis evaluating the relationship of eGFR with post-Fontan catheter-based hemodynamic characteristics

Independent risk factors derived by multivariable logistic regression analyses associated with RD are listed in Tab. 4.

Table 4: Summary of the multivariable logistic regression model for the presence of RD
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Having a single RV was associated with a more than 2-fold increase in odds of having RD. The presence of ascites was associated with an almost 3-fold increase in odds of having RD. Patients on sildenafil therapy had more than a 2-fold increase in the odds of experiencing RD. Although it did not reach statistical significance, there was a trend for higher risk for RD in patients with moderate or greater ventricular systolic dysfunction.

Independent risk factors that negatively correlate with eGFR are listed in Tab. 5.

Table 5: Summary of multivariable linear regression analysis to identify risk factors that negatively correlate with eGFR (ml/min/1.73 m2)
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A history of prior Stage 1 Norwood palliation was associated with an average reduction in eGFR by 7 ml/min/1.73 m2 while having symptoms of “failing Fontan physiology” was associated with an almost 9 ml/min/1.73 m2 reduction in eGFR. The most considerable eGFR reduction was predicted in patients with moderate or greater ventricular dysfunction, with eGFR being 16.7 ml/min/1.73 m2 lower than those with no or only mild ventricular dysfunction. There was a trend for lower eGFR in patients with moderate or greater regurgitation of the atrioventricular valve, which did not reach statistical significance.

4  Discussion

We present the largest study to date that evaluates the prevalence and risk factors for RD after Fontan palliation showing that with a median follow-up duration of 10 years, at least one out of four Fontan patients develop RD. We have identified several independent factors associated with the presence of RD in Fontan survivors, including the right ventricular morphology of the single ventricle, clinical symptoms of “failing Fontan physiology,” and being on sildenafil therapy. As identified by our study, independent factors that negatively correlate with eGFR included prior Stage 1 Norwood palliation, symptoms of “failing Fontan physiology,” such as either protein-losing enteropathy, ascites, and/or plastic bronchitis; and the presence of moderate or greater ventricular dysfunction.

Our study showed that RD is common in Fontan survivors. In our study, 27% of Fontan survivors had RD defined by reduced Scr-based eGFR at the time of the study. Previous single-center or smaller cohort studies have reported a wide range of RD prevalence ranging from 10% up to 55% based on either estimated or measured GFR, as summarized in Tab. 6.

Table 6: Comparison of our study findings with previous studies reporting the prevalence of renal dysfunction (RD) in Fontan survivors
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The current study evaluated a larger cohort than seen in previous studies, included children, adolescents, and adult Fontan survivors, and used a Scr-based FAS equation for eGFR. Our study provides additional evidence that RD is common in Fontan survivors, and the prevalence of RD in Fontan survivors is significantly higher as compared to the general population [22]. Our cohort had a higher prevalence of RD in children and adolescents Fontan survivors (29%) as compared to the adult Fontan survivors (23%). We attribute this finding to the fact that this specific subgroup’s survival to adulthood may indicate some selection bias. Previous studies have shown higher mortality in Fontan survivors with RD [6]. As a result, Fontan patients who survived to adulthood without transplantation and qualified to be in our study are likely to have a lower prevalence of RD.

Our study identified several cardiac morphologic, clinical, echocardiographic, and hemodynamic factors associated with RD and is the first to demonstrate that having a single RV is independently associated with the presence of RD in Fontan survivors. Previous studies have reported that having a single RV is a risk factor for Fontan failure defined as death, transplantation, New York Heart Association III/IV symptoms, protein-losing enteropathy, plastic bronchitis, and/or ascites [23–25]. We hypothesize that the association of a single RV with RD is multifactorial. Single RV has a morphologic disadvantage compared to the single LV. For instance, the tripartite shape of the ventricular cavity and trabeculated myocardial architecture predisposes the single RV to have reduced tolerance to the afterload of systemic vascular resistance over time and resulting in reduced cardiac output [26]. Also, patients with single RV need Norwood operation in the neonatal period, which is known to have a more complicated post-operative course and a higher risk for acute kidney injury (AKI), possibly contributing to later development of RD. In addition to the association of single RV with RD, our study showed that a surgical history of Stage 1 Norwood operation is also independently associated with a lower eGFR. Previously, the presence of a single RV or a Stage 1 Norwood operation has been shown to be associated with the development of acute post-operative kidney injury [27] with single RV patients being more likely to need renal replacement therapy following their Fontan completion as compared to those with a single left ventricular morphology [24,27]. Our study shows that having a single RV and history of Stage 1 Norwood operation are associated with reduced renal function years after Fontan completion in the form of RD and lower eGFR. Cardiovascular providers caring for patients with single RV or history of Stage 1 Norwood palliation should monitor for later development of RD or lower eGFR as their patient age into adolescence and adulthood.

Clinical risk factors associated with RD in Fontan survivors include symptoms of ascites, any signs or symptoms of “failing Fontan physiology” or need for sildenafil therapy. One of the possible etiologies for “failing Fontan physiology” is having elevated pulmonary vascular resistance (PVR) and resulting in elevated central venous pressure (CVP) [28–30]. An elevation in CVP causes a diminished effective renal perfusion pressure, as well as reduced lymphatic drainage into the central venous circulation. Sildenafil is commonly used for the management of “failing Fontan physiology” to lower their PVR, reduce CVP, and improve organ perfusion pressure and lymphatic drainage [31–34]. Sub-group analysis to compare the prevalence of RD in patients with “failing Fontan physiology” who are on sildenafil versus those who are not on sildenafil was not performed due to an inadequate sub-group sample size, as well as, variation in cardiac anatomy, surgical strategies, and differences in late complications in our cohort of Fontan survivors. However, future studies should attempt to study the effects of sildenafil in patients with “failing Fontan physiology” relative to the development of RD.

Echocardiographic risk factors for RD in our cohort of Fontan survivors included moderate or greater systolic dysfunction of the single ventricle. As described above, having a single RV is also an independent risk factor for RD. These two factors are possibly interrelated, as previous studies have shown that the single RV has reduced myocardial contractility as compared to the single LV. Therefore, Fontan patients with a single RV are at a higher risk of developing systolic ventricular dysfunction [26]. Although it did not reach statistical significance, there was a trend for lower eGFR in patients with moderate or greater regurgitation of the atrioventricular valve. Previous studies have reported that atrioventricular valve regurgitation in single ventricle CHD is associated with higher mortality [35–37] and higher morbidity such as protein-losing enteropathy, plastic bronchitis, serious thromboembolic event or tachyarrhythmia following the Fontan completion [38]. In addition to these prior studies indicating an association of atrioventricular valve regurgitation with other Fontan comorbidities, our study suggests a possible association of atrioventricular regurgitation with RD in Fontan survivors.

Catheter-based hemodynamic risk factors for RD in Fontan survivors include factors that lead to a higher CVP and a lower aortic pressure. In our cohort, Fontan survivors with RD had a higher SVC mean pressure, a higher pulmonary arterial mean pressure and a trend towards a higher PVR noted during their pre-Fontan catheterization and a lower peak systolic pressure of the single ventricle and a lower aortic mean pressure noted at post-Fontan catheterization as compared to those without RD. By definition, Fontan survivors have an elevated CVP from the moment the Fontan operation is completed. Further elevation in CVP due to the risk factors, as described above, may result in renal vein hypertension and decreased renal perfusion pressure. Prior studies have reported that higher CVP is associated with renal dysfunction in adults with biventricular CHD [39], advanced decompensated heart failure [40], and a broad spectrum of other cardiovascular diseases such as acquired valvular stenosis or regurgitation, coronary artery diseases, heart transplantation or pulmonary hypertension [41]. Prior studies have also reported that having a lower aortic mean pressure correlated with lower creatinine clearance in adults with biventricular congenital heart diseases [39]. Our study shows that similar to the adults with biventricular CHD and acquired heart conditions, higher CVP, and lower aortic pressure are also associated with RD in single ventricle CHD patients with Fontan palliation. Although our study did not directly assess the potential pathophysiology for the development of the RD, we speculate that elevated CVP and lower aortic pressure may result in increased renal venous pressure and reduced renal arterial pressure, respectively, resulting in reduced renal perfusion pressure and predisposing the Fontan survivors to develop RD. Our study did not find statistically significant associations between post-Fontan higher SVC mean pressure or higher RPA wedge pressure and renal dysfunction. Only 192 out of 402 Fontan patients had a post-Fontan cardiac catheterization as post-Fontan cardiac catheterization was typically performed for clinical concerns or for hemodynamic assessment before planned surgical or catheter-based procedures. Given that the post-Fontan cardiac catheterization data likely represents a Fontan population with suboptimal anatomy and/or hemodynamic derangement and is a smaller subset of our entire cohort, statistically significant associations between higher SVC mean pressure or higher RPA wedge pressure and renal dysfunction may be less likely to be found. There are some limitations of our study, which cumulatively would attribute to an underestimation of the true prevalence of RD in this population. We only included patients seen in outpatient clinics who were otherwise considered to be in a stable clinical status, and therefore may have chosen a biased healthier subset of the Fontan population. Older patients included in our study were more likely to have had an initial atrio-pulmonary Fontan and referred for Fontan conversion surgery. As one of the referral criteria for Fontan conversion surgery is having an acceptable renal function to withstand major cardiac surgery, there is also selection bias in this age group. Our cohort had more patients with extracardiac non-fenestrated Fontan as compared to other types due to the primary surgical technique preference at both participating centers. A multi-center study to include different Fontan surgical variations would overcome this limitation in the future. Information related to the post-operative acute kidney injury after prior palliative surgeries was not available for our analyses. Only a subset of Fontan patients had a post-Fontan catheterization performed for clinical indications as described above, and therefore, the post-Fontan cardiac catheterization data may not be representative of the entire Fontan cohort. We recognize that low muscle mass in Fontan survivors may impact the accuracy of any creatinine-based eGFR equation and that RD prevalence assessment would be superior with cystatin C based eGFR equations, the inclusion of information on micro-albuminuria or a measured GFR. However, measurement of cystatin C, micro-albuminuria, or measured GFR is not presently standard clinical practice, and therefore, those results were not available for retrospective analyses of our study. Lastly, we were only able to calculate one eGFR due to the nature of our retrospective cross-sectional study and recognize that a second eGFR calculation in longitudinal study design may have been preferred to identify patients with chronic kidney disease.

5  Conclusions

At least one out of four Fontan survivors developed RD within ten years in our two-center cohort, which included children, adolescents, and adult Fontan survivors. Our study identified several risk factors for RD, including single RV, history of a Stage 1 Norwood operation, ascites, the sildenafil therapy, any signs or symptoms of “failing Fontan physiology,” and factors that lead to elevated CVP or reduced aortic pressure.

Despite the high prevalence and known risk factors for RD in Fontan survivors, there are no guidelines for screening and ongoing evaluation of renal function in this high-risk population. Understanding the etiologies and risk factors for RD in single ventricle CHD patients will help derive strategies for primary and secondary prevention of renal complications such as chronic kidney disease and improve overall outcomes and long-term prognosis.
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