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It is difficult to treat cardiorenal syndrome (CRS) in clinical practice, which is the common reason for the death of patients. This report aimed to describe the effects of sacubitril/valsartan treatment on cardiac and renal functions of a patient with cardiorenal syndrome type 4 (CRS4) after more than 3 years of follow-up. A 77-year-old Chinese woman was admitted to our hospital because of CRS4 and stage 5 chronic kidney disease (CKD), who had a history of long-term proteinuria and renal failure. The patient's cardiothoracic ratio (CTR) measured by chest X–ray was 0.6. Cardiac ultrasonography showed that the left ventricular ejection fraction (LVEF) was 0.40. The patient had been treated for heart failure (HF) for 5 months, but there was no improvement in clinical manifestations, and the renal function gradually deteriorated. In our hospital, she received sacubitril/valsartan treatment for at least 40 months. The symptoms of HF relieved, and the indices of cardiac function improved. In addition, the patient's renal function was stable. During the treatment, the dosage of sacubitril/valsartan needed to be adjusted to achieve the optimal therapeutic effect. Follow-up results showed that she achieved cardiac function of New York Heart Association (NYHA) class II with an ejection fraction of 0.60 and E/A > 1 indicated by echocardiogram, and did not develop hyperkalemia. In summary, the improvement of cardiac and renal functions of the CRS4 patient was associated with the long-term sacubitril/valsartan treatment.
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INTRODUCTION

Cardiorenal syndrome (CRS) is defined as a complex pathophysiological disorder of the heart and the kidney, in which acute or chronic dysfunction of one organ may induce acute or chronic dysfunction of the other. Due to the interaction between the heart and kidneys, cardiac failure and renal failure may simultaneously occur, forming a vicious cycle. Patients with chronic kidney disease (CKD) are at a high risk of heart failure (HF) (1). CKD may lead to cardiovascular events, such as HF, and pathologic cardiac changes are called cardiorenal syndrome type 4 (CRS4) (2). The treatment of CRS4 is the main challenge because several drugs, which are used to control organ failure, may worsen another organ's function (3). Therefore, further comprehensive and systematic treatment for CRS4 is required according to the pathological mechanisms (4).

Atrial cardiomyocytes secrete atrial natriuretic peptides, B-type natriuretic peptides, and C-type natriuretic peptides, which can bind to the corresponding receptors to produce strong natriuretic, diuretic, and vasodilators, and inhibit activation of Renin-angiotensin-aldosterone system (RAAS) and proliferation of vascular smooth muscle or endothelial cells. Neprilysin can hydrolyze natriuretic peptides. Neprilysin inhibitors can inhibit the hydrolysis of natriuretic peptide by neprilysin and increase the level of natriuretic peptide, which are protective for HF (5). Sacubitril/valsartan is an angiotensin receptor-neprilysin inhibitor (ARNI), which can elevate natriuretic peptide and inhibit angiotensin II to protect cardiac function (6). Recent studies have shown that sacubitril/valsartan can significantly improve the symptoms of HF (7) and stabilize renal function (8). Besides, it can improve the quality of life of patients with CRS. We successfully treated a patient of New York Heart Association (NYHA) class IV HF with a reduced ejection fraction (HFrEF) by sacubitril/valsartan. After long-term follow-up, the stability of the patient's cardiac and renal functions was confirmed.



CASE DESCRIPTION

A 77-year-old Chinese woman who had an 11-year history of proteinuria, hypertension, gradually elevated serum creatinine, and renal anemia was investigated. She never underwent renal biopsy, and the possible etiology for the CKD was considered as hypertensive nephropathy or chronic glomerulonephritis. Cardiac function was normal at the beginning of CKD. Long-term antihypertensive therapy was given based on ACEI and correction of renal anemia, and the renal function was stable, and the serum level of creatinine varied from 260 to 300 μmol/L. She was admitted to our hospital in November 2017 with 5 months of HF symptoms, such as chest tightness, orthopnea, wheezing, dyspnea, uncontrollable hypertension, and chest X-ray and cardiac ultrasonography indicated an enlarged heart and HFrEF. The patient's cardiothoracic ratio (CTR) measured by chest X–ray was 0.6. Cardiac ultrasonography showed that her left ventricular ejection fraction (LVEF) was 0.40. The N-terminal pro B-type natriuretic peptide (NT-proBNP) concentration significantly increased (8,250 pmol/L; normal value <125 pmol/L). The cardiac function of this patient was assessed as NYHA class IV. The value of the 6-minute walk test (6MWT) was 185 m. The patient had been treated for HF using such drugs as diuretics, ACEI, β-blockers, aldosterone receptor antagonists, and trimetazidine for 5 months, but there was no improvement in clinical manifestations, and the renal function gradually deteriorated. Upon admission, the serum level of creatinine was 463 μmol/L with an estimated glomerular filtration rate (eGFR) of 7.4 ml/min/1.73 m2 at baseline, and the eGFR was evaluated by CKD-EPI equation (9) in this patient. CRS4 was considered based on the patient's medical history and laboratory examinations. There were no other cardiovascular and cerebrovascular complications, such as atrial fibrillation or coronary artery disease. She was prescribed an initial dose (50 mg b.i.d.) of sacubitril/valsartan, rather than ACEI. Two weeks later, it was progressively titrated to the maximum tolerated dose (100 mg b.i.d.). The patient's renal and cardiac functions gradually improved, manifested as decreased serum levels of creatinine, increased urine volume and LVEF. The dose of diuretic was tapered off to 20 mg/d, and it was discontinued because of transient elevation of serum creatinine. The patient's left atrial dimension (LAD), left ventricular internal diameter (LVID), and CTR decreased, and hypertension controlled (i.e., systolic and diastolic blood pressure decreased). Afterward, because of fluctuations in the renal function, the dose of sacubitril/valsartan was decreased to 50 mg b.i.d. However, the patient's indices of cardiac function recovered, and some symptoms of HF appeared. The dose was re-elevated to the maximum (100 mg b.i.d.), and the patient's cardiac function gradually improved again. The renal function was also stabilized. At the time of controlling HF, CTR decreased (Figure 1), residual renal functions such as urinary volume, proteinuria and eGFR were stable (Figure 2), and eGFR was 10.3 ml/min/1.73 m2 at the last follow-up. The indices of cardiac function, including NT-proBNP, LVEF, LAD, LVID improved (Figure 3). Systolic and diastolic blood pressure during the treatment of sacubitril/valsartan gradually decreased and stabilized (Figure 4). The dose of sacubitril/valsartan was re-adjusted to the maximum of 100 mg b.i.d., and no harmful side effect was detected in other organs. Follow-up results showed that she achieved cardiac function of NYHA class II with an ejection fraction of 0.60 and E/A > 1 indicated by echocardiogram. The value of 6MWT increased to 410 m. There was no episode of worsening HF, and renal function progressed slowly. With a low potassium diet, this patient did not develop hyperkalemia after treatment with sacubitril/valsartan.
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FIGURE 1. The cardiothoracic ratio (CTR) of chest X-ray before and after treatment with Sacubitril/valsartan. (A) The CTR of chest X-ray upon admission due to the first episode of HF before treatment with sacubitril/valsartan was 0.6. (B) The CTR of chest X-ray at 2 months after sacubitril/valsartan treatment was 0.57. (C) The CTR of chest X-ray at 4 months after sacubitril/valsartan treatment was 0.56. (D) The CTR of chest X-ray upon admission due to the second episode of HF 8 months after dosage reduction of sacubitril/valsartan treatment was 0.64. (E) The CTR of chest X-ray at 11 months after sacubitril/valsartan treatment was 0.6. (F) The CTR of chest X-ray at 17 months after increasing the dosage of sacubitril/valsartan treatment was 0.56. (G) The CTR of chest X-ray at 25 months after sacubitril/valsartan treatment was 0.57. (H) The CTR of chest X-ray at 40 months after sacubitril/valsartan treatment was 0.55.
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FIGURE 2. (A) The changes of urinary volume and proteinuria in association with the adjustment of sacubitril/valsartan. (B) The changes of renal function in association with the adjustment of sacubitril/valsartan.
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FIGURE 3. (A) The change of NT-proBNP in association with the adjustment of sacubitril/valsartan. (B) The change of LVEF in association with the adjustment of sacubitril/valsartan. (C) The change of cardiothoracic ratio in association with the adjustment of sacubitril/valsartan. (D) The changes of LAD and LVID in association with the adjustment of sacubitril/valsartan. LVEF, left ventricular ejection fraction; LAD, left atrial dimension; LVID, left ventricular internal diameter.
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FIGURE 4. The changes of blood pressure during the treatment of sacubitril/valsartan.




DISCUSSION

CRS is generally defined as a pathophysiological disorder of the heart and kidney, in which acute or chronic dysfunction of one organ may induce acute or chronic dysfunction of the other. CRS is a common clinical syndrome, and it includes 5 types (type 1, type 2, type 3, type 4, and type 5) (10). Besides, CRS3 (acute cardiac failure caused by acute renal failure) and CRS4 (chronic cardiac failure caused by chronic renal failure) have been frequently observed in patients with kidney disease, and renal failure was a poor prognostic factor of CRS patients (11).

As the first ARNI, sacubitril/valsartan has a unique dual mechanism of action. In addition to inhibiting RAAS, it also specifically inhibits neprilysin, so that the body's natriuretic peptide system can fully promote vasodilation, diuresis, and natriuresis, and it also plays a protective role in coronary artery occlusion, kidney disease, etc. (12). The prognosis of patients with HF can be improved by promising management of neuroendocrine tumors, rather than by traditional treatment (13). In the present case, the dose of sacubitril/valsartan was adjusted to the routine dosage (100 mg b.i.d.) after the initial treatment with a small dose for 2 weeks. Symptoms, such as palpitation and chest tightness significantly controlled, urinary volume increased, and mental and nutritional statuses improved. At the same time, regarding indices of cardiac function, e.g., NT-proBNP, CTR showed a downward trend, and LVEF increased gradually. After 3 months of treatment, the dose of sacubitril/valsartan was reduced to 50 mg b.i.d. due to some factors, including fluctuation of renal function and medication costs. The HF reattack occurred six months later. The dose of sacubitril/valsartan was re-adjusted to 100 mg b.i.d., and the above-mentioned symptoms quickly controlled after 1 week. At the same time, with the control of HF, CTR decreased, residual renal function was stable, and the indices of cardiac function improved. It is proven that inhibition of neprilysin is a new therapeutic target for cardio-renal protection in patients with CKD, which not only improves cardiac function but also significantly restores residual renal function in such patients.

Compared with renin-angiotensin system inhibitors (RASIs), sacubitril/valsartan has been shown to improve cardiac function of patients more effectively and rapidly (14). The PARADIGM-HF study (14) showed that sacubitril/valsartan could reduce the risk of cardiovascular mortality by 20%, and decrease the risk of HF hospitalization by 21%. It could also improve symptoms of HF and patients' quality of life. The incidence of side effects, such as cough, hyperkalemia, and impaired renal function reduced as well. Participants with eGFR ≥30 ml/min/1.73 m2 were recruited in the PARADIGM-HF study, and thus the results are also encouraging for those with stage 5 CKD. It is clinically relevant that a patient with stage 5 CKD can respond well to this newer agent, with increased urine output and improvement of both cardiac and renal functions and no concerns about hyperkalemia. Transient elevation of serum creatinine may be associated with a higher dose of sacubitril/valsartan or long-term use of diuretics, and serum creatinine decreased after reduction of sacubitril/valsartan dose and discontinuation of diuretics.

Januzzi et al. (15) demonstrated that sacubitril/valsartan could reduce the patient's serum level of NT-ProBNP and increase LVEF significantly, which is consistent with the results of the present case. In the current case, the patient's severity of CTR decreased gradually after sacubitril/valsartan treatment, indicating that the patient's cardiac tissue structure improved significantly. Previous studies (16) have confirmed that the use of sacubitril/valsartan in patients with LVEF ≤ 40% can remarkably enhance their cardiac function. In recent years, some scholars (17, 18) have shown that the use of sacubitril/valsartan in HF patients with LVEF ≥40% can also markedly improve the NYHA grade. Volpe et al. (19) reported that sacubitril/valsartan could be the first-line therapy for patients with HFrEF or heart failure with mid-range ejection fraction (HFmrEF). In our study, after taking sacubitril/valsartan, LVEF increased gradually. LVEF slowly elevated to 47% at 8 months after taking sacubitril/valsartan, which declined as the dosage was reduced, and gradually rose again as the dosage was increased. The cardiac function improved after sacubitril/valsartan treatment in a dose-dependent manner. At the end of the follow-up, the LVEF was significantly higher than that at the baseline. The value of 6MWT increased, which is in agreement with Beltrán et al.'s findings (20). Additionally, we found that sacubitril/valsartan could reduce the patient's blood pressure. Scholars demonstrated that sacubitril/valsartan could significantly reduce patients' blood pressure, especially systolic blood pressure (21, 22) and night blood pressure (23). Sacubitril/valsartan also decreased diastolic blood pressure (22). It can be used as an option for antihypertensive therapy, especially for patients who suffer from refractory hypertension. It is noteworthy that low-dose sacubitril/valsartan can also significantly improve patients' cardiac function, especially in some elderly, intolerable patients (24).

Abumayyaleh M et al. (25) reported that sacubitril/valsartan could significantly improve the LVEF of patients with HFrEF and decrease the mortality rate as compared with ACEI, and thus the patients should be treated as early as possible to delay the progression of HFrEF. Recent studies showed that sacubitril/valsartan may impact the risk of sudden cardiac death in patients suffering from HFrEF (14, 26–28). Therefore, the effect of sacubitril/valsartan on cardiac outcomes of HF patients is of interest when such data are analyzed.

The excessive production of RAAS may lead to vasoconstriction of arterioles and an increase in blood pressure. The excessive activation of RAAS in the heart and kidney plays an important role in myocardial remodeling, glomerular sclerosis and tubular interstitial fibrosis. Therefore, RASI is a good choice for the treatment of patients with HF and early CKD (29). As cardiac function improved, renal perfusion enhanced, followed by an increased GFR. In addition, compared with traditional RASI, ARNI significantly reduced proteinuria, improved renal ultrastructure, and decreased biomarkers of the renal tubulointerstitial lesion (30, 31), which is independent of blood pressure reduction. The acting mechanisms are considered as inhibition of inflammation and oxidative stress, as well as drug-specific protection of podocyte integrity (30–32).

For some patients with CKD, however, RASI may cause a rapid increase in serum levels of creatinine in a short period due to the reduction of both intraglomerular perfusion pressure and glomerular filtration rate. Although RASI can protect the kidney and heart for a long period, there are still some patients who have to withdraw the therapy because of the rapid increase of creatinine or hyperkalemia after treatment, restricting the clinical application of RASI in CRS (33). Masarone et al. (34) found that the use of sacubitril/valsartan treatment in patients with HFrEF had no significant effect on eGFR after 3 months of therapy compared with the baseline. During the follow-up of 650 ± 80 days, there was no HF-related death, HF-related hospitalization, and need for renal replacement therapy, indicating that sacubitril/valsartan treatment could stabilize renal and cardiac functions. It may be safe and effective to use ARNI therapy even at a very low eGFR for this patient, even at a point when other patients may choose dialysis.

Additionally, the PARADIGM-HF study showed that ARNI could attenuate the risk of hyperkalemia in patients with HF compared with benazepril (15). The patient in the current research did not develop hyperkalemia and other complications after taking sacubitril/valsartan, suggesting that the mentioned therapy is safe to a certain degree.



CONCLUSIONS

In conclusion, we reported the successful use of sacubitril/valsartan in a patient with CRS4 and stage 5 CKD, in which NYHA class IV reduced to NYHA class II, the levels of NT-proBNP, LAD, LVID, and CTR decreased, LVEF increased, blood pressure attenuated, and renal function stable after more than 3 years of follow-up.
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