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Abstract

:

Cardiorenal syndrome (CRS) is a life-threatening disorder that involves a complex interplay between the two organs. Managing this multifaceted syndrome is challenging in the hospital and requires a multidisciplinary approach to tackle the many manifestations and complications. There is no universally accepted algorithm to treat patients, and therapeutic options vary from one patient to another. The mainstays of therapy involve the stabilization of hemodynamics, decongestion using diuretics or renal replacement therapy, improvement of cardiac output with inotropes, and goal-directed medical treatment with renin–angiotensin–aldosterone system inhibitors, beta-blockers, and other medications. Mechanical circulatory support is another viable option in the armamentarium of agents that improve symptoms in select patients.
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1. Introduction


The number of people suffering from heart failure and kidney disease has increased over the past decade. The mortality and morbidity of the diseases, along with the high economic burden, have made effective treatment imperative [1,2,3]. Cardiorenal syndrome (CRS) represents a convoluted and intricate dysfunction of the heart and the kidneys, where one organ’s impairment triggers the deterioration of the other. A vicious cycle starts, culminating in a multitude of downstream effects that are deleterious to the body [4]. CRS can manifest as an acute or chronic dysfunction of either the heart or kidneys, leading to the failure of the other. Since these two organs have complex and vital roles, the effective management of patients is essential to avoiding adverse outcomes [5]. It is known that the acute kidney injury that occurs as a result of congestive heart failure (CHF) carries an unfavorable prognosis [6]. Moreover, patients with pre-existing CKD experience a rapid decline in glomerular filtration rate (GFR) in the presence of CHF [7]. The widely accepted classification of CRS has five types based on the acuity of the disease process and whether the inciting event is a primary or secondary organ failure [8]. Other classifications consider the hemodynamic, neurohumoral, vascular disturbances along with other pathologies, such as anemia and mineral metabolism [9]. The complex pathophysiology makes the management of CRS challenging, especially in the hospital setting. This comprehensive review summarizes the therapeutic management of patients with acute type 1 CRS in the hospital. Type 1 CRS is defined as the onset of acute kidney injury (AKI) due to CHF in those who have no pre-existing kidney disease or those with non-dialysis chronic kidney disease (CKD). This review explores the current evidence in disease management, while drawing attention to their deficiencies, and will guide providers to make better clinical decisions.




2. Discussion


2.1. Monitoring Hemodynamics


The first step in managing CRS involves a careful physical examination, which can provide clues to the perfusion status. The presence of cold extremities, the classical finding of poor perfusion, is seen in acute CRS. In addition, recognizing other hemodynamic profiles is important as they can help guide therapy. The presence of “warm and dry” extremities indicates preserved perfusion but may have reduced renal blood flow. Conversely, “cold and wet” patients will likely have systemic congestion and reduced perfusion associated with decreased renal perfusion. “Warm and wet” patients denote the presence of adequate systemic perfusion but have renal congestion due to volume overload. Lastly, “cold and dry” patients face both poor systemic circulation due to low cardiac output and decreased renal perfusion [10].



This should be followed by methods to precisely assess hemodynamic parameters by continuous monitoring. Of many techniques, two commonly employed to investigate the patient’s hemodynamic status are echocardiography and Swan–Ganz catheterization (SGC). Early and precise assessment helps identify the degree of cardiac and renal insufficiency, which guides further therapeutic interventions [11]. Prioritizing prevention is necessary, given the absence of a single definitive treatment for CRS. Symptoms such as early satiety or, in worse cases, anorexia may indicate the presence of splanchnic congestion and increased intra-abdominal pressure. Therefore, careful history taking and swift recognition of these symptoms will prevent the deterioration of CRS [12].



Pulmonary capillary wedge pressure (PCWP) and left atrial pressure (LAP) measurements can be obtained non-invasively using echocardiography. Filling pressures are considered high when PCWP exceeds 12 mmhg. The Doppler velocity (E/e’) can be used to gather more information as it has been shown to correlate with PCWP and LAP. A ratio of E/e’ under eight indicates normal filling pressures, whereas an E/e’ greater than 15 indicates high filling pressures [13].



Type 1 CRS seen in acute decompensated heart failure results in renal congestion and reduced renal perfusion. Hemodynamically guided interventions using mean arterial pressure (MAP) and central venous pressure (CVP) are also critical indicators. Increased CVP more often causes renal dysfunction than reduced cardiac output (CO) in CRS. The renal perfusion pressure is determined by both the MAP and the CVP. The transrenal perfusion pressure gradient, calculated by subtracting the central venous pressure (CVP) from the mean arterial pressure (MAP), determines the renal perfusion pressure necessary for optimal organ function. However, invasive CVP monitoring using SGC is unreliable as it also depends on the venous tone, which is frequently altered based on the amount of neurohormonal activation [1]. The ESCAPE (Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness) study did not show any decrease in AKI when hemodynamic monitoring using a pulmonary artery catheter was employed [14].



Renal venous pressure can be assessed using renal Doppler ultrasonography. With increasing right atrial pressures (RAP), the intrarenal waveform becomes more pulsatile with flow reversal during systole due to pressure transmission from the RAP to the renal veins. This congested venous pattern has been associated with poorer prognosis [15]. The renal function could also worsen with concomitant increased intra-abdominal pressure (IAP), which has been demonstrated in patients with low ejection fraction (EF) and preexisting CKD [16]. Commonly seen in hepatorenal syndrome and surgical patients, elevated IAP ≥ 8 mm Hg in congestive heart failure (CHF) requires further interventions, such as paracentesis and monitoring [17,18].



Similarly, IVC dilation is a marker for individuals likely to experience a decline in kidney function. A diameter above 2.1 cm characterizes a dilated inferior vena cava (IVC). This can be easily assessed at the bedside and has been linked to adverse renal events [1].



The occurrence of acute kidney injury (AKI) in type-1 CRS is significantly high [19,20]. Pre-existing CKD also increases mortality and hospitalizations in CHF [14]. Hypotension management generally includes maintaining adequate perfusion pressure with inotropes and vasopressors. Balancing the fluid status is a sine qua non in preventing volume overload or depletion, which is the main contributor to the development of renal dysfunction [21]. Using mechanical circulatory support devices is another therapeutic option [2]. The kidneys regulate the GFR by afferent and efferent arteriole constriction as a response to alterations in arterial pressures. It is, therefore, also essential to avoid potential nephrotoxins that cause vasoconstriction to the renal vasculature to avoid AKI [22,23]. Ultimately, the main focus of this critical step is to reach hemodynamic stability for effective cardiac and renal function improvement without further organ injury.




2.2. Diuretics


Diuretics remain the cornerstone in treating patients with CRS. Exacerbations of heart failure may affect gastrointestinal absorption, thus hampering adequate diuresis and require intravenous administration of these medications [23]. Loop diuretics, such as furosemide, have been commonly used for their greater efficiency [24]. The administration and dosage of diuretics should be regulated depending on the volume status and fluid removal goal. For example, the initial dose depends on the severity of fluid overload and renal function, while titration is based on the patient’s response and symptom burden. Meanwhile, electrolytes should be monitored regularly to avert adverse effects [25].



Patients with renal failure, especially those with glomerular filtration rates (GFR) of <15 mL/min/1.73 m2, usually require a larger dose of loop or thiazide diuretics due to the presence of uremic toxins. For example, these patients frequently require spot furosemide doses close to 160–200 mg [26]. Continuous diuretic infusions are generally well tolerated and may decrease the risk of ototoxicity compared to bolus infusions. Dosages commonly used are 10 to 20 mg/h, and dosages as high as 200 mg/h have been described. Other loop diuretics, such as bumetanide, can also be used [27]. The DOSE (Diuretic Optimization Strategies Evaluation) trial compared bolus vs. continuous infusion of loop diuretics and found no differences in symptoms or renal function between the two strategies. Continuous infusion of loop diuretics was, however, attributed to an increased risk of hyponatremia, vasopressor requirements, and readmissions [28].



Chronic diuretic therapy sometimes renders patients resistant to these treatments, thereby increasing the risk of rehospitalization and mortality. Therefore, diuretic resistance demands an alternative strategy with either a combination of diuretic therapy or ultrafiltration to manage fluid overload effectively [29]. When natriuresis is stalled, two or more classes of diuretics can be combined to obtain the desired effect by blocking different segments of the nephron, depending on the severity of CHF. Loop diuretics and thiazides are frequently combined to address this problem [26]. Thiazide diuretics have the added benefit of having a longer half-life [27]. Moreover, examination of the ALLHAT (Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial) showed that the risk of heart failure reduced with chlorthalidone when compared to amlodipine at the end of 1 year [30]. Patients with decompensated CHF have poor outcomes if they remain congested upon discharge; hence, treatment to ensure euvolemia is of importance [31].



Diuretic use, particularly high doses of loop diuretics and combination diuretics, has been attributed to worsening renal function. This could be due to increased renin–angiotensin–aldosterone system (RAAS) and sympathetic activity [32]. A decrease in the glomerular filtration rate (GFR) could result from renal afferent artery vasoconstriction in response to sodium loss. Decongestion due to the effect of diuretics could also directly lead to increased serum creatinine by hemoconcentration. Analysis of two large trials, RELAX-AHF-2 (Relaxin in Acute Heart Failure 2) and PROTECT (Patients Hospitalized with Acute Decompensated Heart Failure and Volume Overload to Assess Treatment Effect on Congestion and Renal Function), however, showed that worsening renal function in the first 96 h was not associated with poor outcomes [33]. The ROSE-AHF (Renal Optimization Strategies Evaluation–Acute Heart Failure) trial utilized high doses of diuretics to rapidly decongest patients with CHF and found no increases in urinary neutrophil gelatinase-associated lipocalin (NGAL), N-acetyl-β-d-glucosaminidase (NAG), and kidney injury molecule 1 (KIM-1), demonstrating that aggressive diuresis is not linked to renal tubular injury [34]. While the risk of AKI exists, diuretics should be continued in CRS till euvolemia is achieved. Care should be taken to titrate the dose of diuretics based on clinical response and delineate patients who develop worsening renal function due to concomitant administration of RAAS inhibitors [33].



Similarly, loop diuretics and carbonic hydrase inhibitors can be combined for their augmented effect [26]. The ADVOR (Acetazolamide in Decompensated Heart Failure with Volume Overload) trial examined the association of acetazolamide in addition to loop diuretics in CHF. Volume optimization was obtained sooner in these patients, and there was also an associated reduction in hospitalized days. However, there was no associated decrease in hospital readmissions. But, it was noted that the rehospitalization rate was lower compared to that of the DOSE and the CARRESS-HF (Cardiorenal Rescue Study in Acute Decompensated Heart Failure) trials [35].



The TACTICS-HF (Targeting Acute Congestion with Tolvaptan in Congestive Heart Failure), EVEREST (Efficacy of Vasopressin Antagonism in Heart Failure Outcome Study With Tolvaptan), and SECRET of CHF (Study to Evaluate Challenging Responses to Therapy in Congestive Heart Failure) trials assessed the use of tolvaptan and showed no improvements in mortality [36,37]. Thus, the commonly utilized diuretics in the in-patient setting have shown good efficacy, and their early administration mitigates volume overload. Early recognition of diuretic resistance is also needed to prevent further worsening of CRS [26].



A decrease in dietary sodium also plays an essential role in mitigating fluid overload. Restricting sodium to 2.3 g/day can also impact improved blood pressure and prevent worsening edema [38]. A positive in-hospital sodium balance has been shown to increase the risk of death [3]. The studies are listed in Table 1.




2.3. Management of Diuretic Resistance


The mortality in CRS, especially in Type 1 CRS, is high. Therefore, rapid improvements in hemodynamics and decongestion are required [39]. Loop diuretic agents are organic anions with a strong affinity for albumin, with a binding capacity above 90%. Therefore, their distribution quantities become large in cases of severe hypoalbuminemia. However, there is limited evidence to support the use of albumin infusions with loop diuretics to enhance natriuresis. The efficacy of loop diuretics seems to be preserved in serum albumin levels over 2 g/dL [23]. As mentioned previously, diuretics are often prescribed to deal with fluid retention in patients with CRS. But in some cases where patients develop a strong resistance to conventional diuretic therapy, alternative therapy becomes necessary to effectively control fluid overload and avoid further progression of organ damage [25,40].



Ultrafiltration is recommended in refractory volume overload and in patients with severe renal dysfunction or in instances where there is insufficient urine output due to AKI [41]. Among the methods for ultrafiltration, continuous renal replacement therapy (CRRT) is frequently preferred over intermittent hemodialysis [42]. However, while there is an adequate response to diuretics, ultrafiltration is not beneficial. The CARRESS-HF showed that ultrafiltration was inferior to diuretic therapy and was, in fact, associated with adverse effects. In the randomized trial, patients in the ultrafiltration arm had a larger increase in serum creatinine at 96 h, with no significant change in the patient’s weight when compared to the pharmacologic therapy arm. One criticism of the study is that they used a set ultrafiltration rate of 200 mL/h, but the diuretic arm used a stepping-up strategy for diuretic dosing [43]. The AVOID-HF (Aquapheresis versus Intravenous Diuretics and Hospitalization for Heart Failure) study used a protocol that allowed for adjustable ultrafiltration rates. There were no differences in mortality compared to the diuretic arm, and more adverse effects were noted with ultrafiltration. There were also no differences in the renal function [44].



Other studies like the UNLOAD (Ultrafiltration versus Intravenous Diuretics for Patients Hospitalized for Acute Decompensated Congestive Heart Failure) trial also showed no improvements in renal function, although there was an increased removal of fluid with ultrafiltration [45]. Renal replacement therapy (RRT) is also linked to myocardial stunning in both chronic and acute situations. Hence, caution must be taken while utilizing renal replacement therapies in patients with cardiac dysfunction. The reduction in myocardial perfusion depends on the dose of RRT administered and causes microcirculatory injury and the resultant stunning could be seen in CRRT. This phenomenon of myocardial stunning during CRRT was shown in a small retrospective study, but further studies are needed to establish this [46].



The continuous monitoring of patient response and adjustment of therapy based on clinical signs are crucial in managing diuretic resistance [29]. Currently, there is insufficient evidence to suggest that ultrafiltration should be employed earlier in the management of CRS [15]. The studies discussed are listed in Table 2.




2.4. Inotropes


Inotropes play an important role in managing CRS; by increasing myocardial contractility, they improve hemodynamic stability [47]. Inotropes are indicated in low cardiac output states when the other therapeutic measures are insufficient. An improvement in renal perfusion could, in turn, result in increased diuresis [26]. Dobutamine and milrinone are commonly used to augment CO and improve renal perfusion [6]. Studies have not established that inotropes have a direct effect on GFR. The ROSE AHF failed to show any renal function improvement with low-dose dopamine or low-dose nesiritide [3]. This lack of renal function improvement was also reproduced in other studies [6]. A post hoc analysis of the ALARM-HF (AHF global survey of standard treatment) assessed the effects of intravenous catecholamine use, such as dopamine, dopamine, norepinephrine, and epinephrine. The study found that the use of dopamine and dobutamine was associated with an elevated risk of mortality. Although this risk was less compared to catecholamines, the risk of death due to tachyarrhythmias remained. The same study also reported that using nitrates as vasodilators, when added to diuretics, had lower in-hospital mortality [48]. Patients with chronic CHF treated with beta-blockers (β-blockers) could have a blunted effect with dobutamine and, in those cases, alternate inotropes should be used [49].



Milrinone is a phosphodiesterase III inhibitor that causes vasodilation and improves trans-renal perfusion pressure but, much like dopamine, it has not been shown to have significant changes in GFR [26]. The OPTIME-CHF (outcomes of a prospective trial of intravenous milrinone for exacerbations of chronic heart failure) study did not show any significant improvements in mortality or readmissions, and only a small improvement in renal function was demonstrated [50].



Levosimendan, a calcium-sensitizing inotrope, improves cardiac function and promotes pre-glomerular vasodilation, thereby optimizing renal blood flow. It was shown to have a renoprotective effect among patients with acute decompensated CHF with an EF < 40% and GFR of between 30 and 60 mL/min per 1.73 m2 [51]. This protective effect was also seen among patients with chronic CHF and CKD stages 2–3 when compared to dobutamine [52]. Also, in a large meta-analysis, levosimendan decreased mortality compared to other inotropes. It is currently not approved for use by the United States (U.S.) Food and Drug Administration [6,53]. Although inotropes stabilize hemodynamics, prolonged use may have negative effects, such as arrhythmias and increased mortality. Hence, they should be administered under close observation [54].



Vasodilators may be appropriate in patients with elevated blood pressure or anginal symptoms, but their role is generally limited in CRS. Their use may decrease dyspnea symptoms, but they do not affect mortality or hospitalizations. Intravenous nitroglycerin is preferred when choosing a vasodilator, but prolonged use could result in tachyphylaxis. The use of intravenous nitroprusside is not recommended in patients with CKD or hepatic dysfunction due to the possibility of cyanide toxicity [55]. The studies on inotropes discussed are listed in Table 3.




2.5. Pharmacological Therapy in CRS


The activation of the RAAS has unfavorable effects on the heart and the kidneys. Therefore, angiotensin-converting enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARBs) are integral to goal-directed medical therapy (GDMT) in managing CRS. They work by the inhibitory effects they have on the levels of angiotensin II, which prevents glomerular hyperfiltration and maintains renal function. They have been shown to decrease mortality and hospitalizations and are particularly beneficial in patients with concurrent hypertension and heart failure [24,56]. An initial reduction in GFR after RAAS inhibitor initiation is due to the hemodynamic effects of the medications and should not be considered as AKI. In a post hoc analysis of the SOLVD (studies of left ventricular dysfunction) trial, it was demonstrated that up to a 35% reduction in GFR was still associated with decreased hospitalization risk in CHF [57]. Adding RAAS inhibitors to conventional therapy has been proven to decrease the occurrence of decompensated CHF hospitalizations among patients with reduced ejection fraction [12]. The combined use of ACEi and ARBs in CRS should be avoided due to the potential for worsening renal function and exacerbating hyperkalemia [26]. In the management of acute CRS, there is no evidence that stopping ACEi and ARB is beneficial. Their discontinuation is recommended only in cases of hyperkalemia or AKI, and they must be resumed once the condition resolves [31].



The novel agent sacubitril, which is a neprilysin inhibitor (ARNi) combined with the ARB, valsartan, was evaluated in the PARADIGM-HF (Prospective Comparison of ARNi with ACEi to Determine Impact on Global Mortality and Morbidity in Heart Failure) trial. There was a decrease in all-cause mortality and hospitalization compared to enalapril. However, it should be noted that the study excluded patients with an estimated GFR (eGFR) < 30 mL/min/1.73 m2 or a decrease in GFR > 25% after initiating the drug [58]. There was a lower risk of hyperkalemia with sacubitril/valsartan when compared to enalapril [59]. Similar results were also found in the PIONEER-HF (Comparison of Sacubitril–Valsartan versus Enalapril on Effect on NT-proBNP in Patients Stabilized from an Acute Heart Failure Episode) study. The study showed that among hospitalized patients with acute decompensated CHF and EF ≤ 40%, treatment with sacubitril–valsartan showed a higher reduction in N-terminal pro–B-type natriuretic peptides (NT-proBNP) when compared to enalapril. Moreover, the rates of worsening renal function and hyperkalemia were similar to enalapril [60].



Because β-blockers reduce the heart rate and the myocardial oxygen demand, they lead to global enhancement of cardiac function with a low risk of arrhythmias. Therefore, they are among the first-line drugs in the long-term management of heart failure [29,61]. The combined use of RAAS inhibitors along with β-blockers does improve outcomes among patients with CRS but should be managed with caution because there is much potential for causing adverse effects, like hypotension and hyperkalemia [62,63]. The pathophysiology of CRS and the common therapies used are shown in Figure 1.



Similarly, higher levels of aldosterone are commonly observed in aging, diabetes mellitus, and hypertension, can potentially raise the risk of cardiovascular disease-related renal disease. This is due to a sequence of events that involve inflammation- and oxidative stress-induced dysfunction of the endothelium [64]. The existing evidence supporting the use of mineralocorticoid receptor antagonist (MRA) showing a mortality benefit and decreased hospitalization is from the RALES (Randomized Aldactone Evaluation Study) trial. Mineralocorticoid receptor antagonists (MRA) such as spironolactone reduced the risk of all-cause mortality by 30% in patients with severe CHF compared to placebo, according to the RALES trial [65]. However, this was not seen in other trials. There were no significant improvements in symptom relief or N-Terminal Pro-B-Type Natriuretic Peptide (NT-proBNP) with high-dose spironolactone, as evidenced by the ATHENA-HF (Aldosterone Targeted Neurohormonal Combined with Natriuresis Therapy in Heart Failure) study [66]. While RALEs evaluated spironolactone, the EPHESUS (Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and Survival Study) and the EMPHASIS-HF (Eplerenone in Mild Patients Hospitalization and Survival Study in Heart Failure) studies evaluated eplerenone, a more selective MRA [67,68]. The difference in these trials was that the cohort in EPHESUS had moderate to severe CHF, while EMPHASIS-HF included a cohort with NYHA class II symptoms [68].



However, RALES and the EMPHASIS-HF excluded patients with severe CKD and there are limited data on their outcomes while on Mineralocorticoid Receptor Antagonists (MRA) [69]. Care should be taken to monitor for hyperkalemia when prescribing MRA and RAAS inhibitors together [31]. It was again noted in the clinical trials, that using combination therapy with RAAS inhibitors, β-blockers, and MRA revealed decreased morbidity and mortality among the patients [70,71]. The combined use of these medications in advanced CKD is lacking in data [72].



Sodium–glucose-linked transporter type 2 inhibitors (SGLT2i) are promising adjuncts to loop diuretics because they reduce proximal tubular sodium reabsorption and synergize with loop diuretics to enhance natriuresis eventually [73]. SGLT2i has also been shown to decrease the cumulative dose of loop diuretics in some studies of patients with acute CHF and diabetes mellitus [74]. Although a post hoc assessment of the DAPA-HF (Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure) did not show this phenomenon, the study did not show any escalating requirement of baseline diuretics [75]. Empagliflozin was shown to improve overall functional status and decrease the risk of cardiovascular mortality and subsequent hospitalizations [76]. In addition to these, they also exert an anti-hypertensive effect [74]. The EMPEROR (Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Reduced Ejection Fraction) trial showed that there was a decrease in mortality and rehospitalizations. The added benefit of a decline in the progression of CKD is beneficial in patients with pre-existing renal disease [7]. Cardiovascular benefits were also seen with the use of canagliflozin in the CANVAS (Canagliflozin Cardiovascular Assessment Study) and the CREDENCE (Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation) trials [77,78]. SGLT2i also prevents the worsening of heart failure and thus plays an important role in disease prevention [79]. Therefore, there is a clear benefit to adding SGLT2i in CHF.



Very few studies have evaluated SGLT2i in the acute setting. The EMPULSE trial (Empagliflozin in Patients Hospitalized with Acute Heart Failure Who Have Been Stabilized) demonstrated improvements in symptoms and quality of life that were seen as early as 15 days from when SGLT2i was started in patients with acute decompensated CHF [80]. The ongoing EMPA-AHF (Early treatment with a sodium–glucose co-transporter 2 inhibitor in high-risk patients with acute heart failure) has completed enrollment and will provide further information about the safety and efficacy of Empagliflozin started in acute CHF [81].



SGLT2i are generally well tolerated, but caution should be taken when prescribing them in patients with frequent urinary tract infections or who are at risk for fungal genital infections [82]. A large cross-trial analysis that analyzed the effects of ARNI, β-blockers, MRA, and SGLT2i demonstrated decreased mortality and heart failure hospitalizations thus supporting the use of these four GDMT agents. Using the cohort from the trials, EMPHASIS-HF, PARADIGM-HF, and DAPA-HF, it was estimated that a 55-year-old would be free of cardiovascular-related death or hospitalizations for about 8.3 years [83].



The use of hydralazine and isosorbide dinitrate was assessed in the A-HeFT (African American Heart Failure Trial), and it showed survival benefits in blacks, but this benefit may not be present in other ethnicities. Hydralazine and isosorbide dinitrate are especially useful for patients who cannot tolerate ARNI, ACEi, or ARB [84]. Medications that can be considered in pregnant women include furosemide, β-blockers, hydralazine, and nitrates. However, shared decision-making is recommended before instituting them [55]. The studies discussed are listed in Table 4.




2.6. Management of Electrolyte Abnormalities


Patients with CRS are often found to have electrolyte imbalances of sodium, potassium, magnesium, and calcium. Clinical assessment and serial blood work are required. Any signs and symptoms linked to electrolyte imbalances must be taken care to avoid serious complications [85]. The LYTE-VT Study found that among CHF patients with severe hypokalemia who experienced ventricular tachycardia (VT) or ventricular fibrillation (VF), almost one-third reported gastrointestinal symptoms before the event, while another third had recently increased their diuretic dosage. Hypokalemia occurred in these patients while on an ACEi/ARB or MRA, and a higher proportion of patients were taking diuretics. In addition to hypokalemia, hypomagnesemia was found in about 7.8 of these patients as well [86].



Hyperkalemia occurs frequently in the late stages of CKD, and the common medications attributed to this are the RAAS inhibitors. The occurrence of hyperkalemia also prompts the discontinuation of RAAS inhibitors, and restarting is generally avoided, which may have disadvantages [87]. Hyperkalemia concerns are also the main reason for the discontinuation of MRAs. Greater than 75% of the patients do not get restarted on MRAs after discontinuation, and this increases the risk for future cardiovascular events [5]. The concomitant use of potassium binders, such as a patiromer, can decrease the risk of hyperkalemia while using RAASi with MRAs, which has been demonstrated in the DIAMOND trial [88]. Similarly, sodium zirconium cyclosilicate can reduce serum potassium and maintain normokalaemia in patients with hyperkalemia while on ACEi [89].



Hyponatremia could occur due to hypervolemia or the activation of arginine–vasopressin (AVP) release in response to low intra-arterial volume. Hyponatremia is associated with increased mortality and the requirement of short-term RRT. It was found that a higher percentage of patients with diabetes mellitus are prone to developing hyponatremia in CRS [90]. Fluid restriction only has a modest improvement in most cases, and careful assessment to detect the underlying cause is required for proper management [91]. The use of 3% sodium chloride may be required in severe hyponatremia or symptomatic cases. The correction rate for patients at low risk of osmotic demyelination is 8 mEq/L in 24 h, while for individuals at high risk, it is 6 mEq/L [92].



The management plan for electrolyte disturbances includes dietary changes, appropriate medication and supplements, removal of culprit medications, and medication alterations [55]. Emphasis should be placed on identifying the root cause of the electrolyte imbalance and preventing further reoccurrence.




2.7. Implantable Devices and Mechanical Circulatory Support


Cardiac resynchronization therapy (CRT) in patients with NYHA class II or III heart failure and reduced ejection fraction of <30% has been shown to decrease mortality and hospitalizations [93]. It is also known that patients with CKD have left ventricular dysfunction and early onset of fibrosis than the general population [94]. The use of implantable cardioverter-defibrillator (ICD) for primary prevention of sudden cardiac death in patients with CKD was assessed in a meta-analysis. It was concluded that there was a survival benefit in patients with eGFR ≥ 60 mL/min/1.73 m2, but this benefit was not seen in patients with eGFR <60 mL/min/1.73 m2. It should also be noted that only about 36% of the patients in the meta-analysis had an eGFR < 60 mL/min/1.73 m2 [95].



Mechanical circulatory support (MCS) in acute CHF and cardiogenic shock are being increasingly employed and can improve hemodynamics [2]. Intra-aortic balloon pump (IABP), impella, and left ventricular assist devices (LVAD) are the MCS types discussed here. The European Society of Cardiology (ESC), in their 2020 guidelines, recommended that IABP should be considered in patients with hemodynamic instability, but routine use in all patients was not recommended. The American Heart Association (AHA)/American College of Cardiology (ACC) recommended considering their use in non-ST elevation myocardial infarction when other therapies have failed [96]. Studies such as the IABP-SHOCK II (The Intra-aortic Balloon Pump in Cardiogenic Shock II) trial showed no difference in mortality, hospitalization, or AKI events compared to fibrinolytics alone in patients with myocardial infarction [97]. Similarly, a mortality benefit has also not been shown in other trials [2].



Flaherty et al. assessed the rates of AKI in patients with CKD who underwent impella placement and high-risk percutaneous coronary intervention (PCI). It was shown that AKI post-PCI was reduced even in patients with severe reductions in LVEF. The requirements of dialysis were also less in the impella group [98]. Similar findings of reduced rates of AKI were also seen in another study that included CKD patients with a median eGFR of around 48 mL/min/1.73 m2 who underwent impella placement and high-risk PCI [99]. The current literature lacks data if impella offers any mortality advantages over IABP [20]. Pre-existing renal dysfunction is not a contraindication for MCS utilization, but post-procedural AKI after MCS is associated with poor prognosis [100].



The utilization of LVAD in advanced heart failure as a bridge to heart transplantation or as a standalone destination therapy has recently increased [9]. Brisco et al. analyzed the Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) data that included patients with a mean eGFR of 60 mL/min/1.73 m2. The analysis showed an improvement in the renal function after the left ventricular assist device (LVAD), and the renal function was maintained for a few weeks to months. About 11% of the cohort had an eGFR < 60 mL/min/1.73 m2 [101]. The requirement of dialysis after LVAD placement portends a poor prognosis. A predictive model by the ADHERE (Acute Decompensated Heart Failure National Registry) takes into account blood urea nitrogen (BUN) and creatinine to prognosticate patients. A BUN of ≥43 mg/dL and serum creatinine ≥ 2.75 mg/dL are considered high risk. While renal dysfunction is not a contraindication for LVAD implantation, placement in patients who may require long-term dialysis is not recommended [100]. If dialysis is required post hospitalization, particularly when heart transplantation is considered, peritoneal dialysis (PD) may be a suitable choice for individuals with heart failure, especially those with relatively low blood pressure (BP), as PD can offer volume optimization, but without the concerns for hemodynamic stress seen in thrice-weekly hemodialysis [102].




2.8. Treatment of Associated Conditions


Acute CHF patients with hyperglycemia have been found to have increased in-hospital mortality and, in addition, have an increased mortality of 1 year. Therefore, hyperglycemia management is crucial in addition to other therapies [41]. History should emphasize the recent usage of nephrotoxic medications such as nonsteroidal anti-inflammatory medicines, antibiotics, and aggressive diuretic therapy [12]. Avoidance of nephrotoxic medications during hospitalization is paramount to avoid further insult to the hemodynamically compromised kidneys [103]. Contrast-induced AKI can exacerbate renal dysfunction in patients with CHF or those who undergo a coronary artery bypass graft [19,22].



Anemia is a common problem in CHF that occurs either due to a decreased transferrin saturation or a functional iron deficiency. Iron deficiency states are common and can coexist with anemia of chronic disease. Anemia in the presence of iron overload states have also been described. Derangements of iron metabolism strongly correlate with the severity of CHF. Iron deficiency needs to be identified and treated as it is related to increased mortality compared to the degree of anemia [104]. The risk of mortality over 3 months in iron deficiency anemia was close to 46% in patients with severe CHF in a study by Nanas et al. The mean EF in the cohort was 22.5%, and the eGFR was 51 mL/min/1.73 m2 [105]. Similar outcomes were noted in the studies, DEFINE-HF (Definition of Iron Deficiency in Chronic Heart Failure) and BIOSTAT-CHF (Biology Study to Tailored Treatment in Chronic Heart Failure) [106,107]. It was also found that patients with low iron storage had increased mortality and hospitalizations compared to patients with defective iron utilization. The study used a ferritin cut-off value of 128 ng/mL, but, in practice, a cut-off value of 100 ng/mL is used to diagnose iron deficiency anemia and low transferrin saturation levels in patients with CKD [108]. Patients with thalassemia have high rates of dilated cardiomyopathy and develop CRS. Iron overload is frequently encountered in these patients. Thalassemia also causes intrinsic glomerular injury due to tubular atrophy [109]. SGLT2i has been shown to increase hematocrit levels and could be added if other criteria for their use are present. While the exact mechanism is unclear, the increase erythropoiesis by inhibiting hepcidin and efficiently utilizing iron stores [74]. Figure 2 shows the various conditions that need to be addressed and the therapy options available.



Management of mineral bone disease is also essential in patients with chronic CHF. In a meta-analysis, the severity of loss of bone mineralization was closely associated with the severity of CHF. While vitamin D deficiency is common and easily treatable, there may be other factors, such as elevated levels of osteoprotegerin and lower levels of nuclear factor-κ B ligand (RANKL) stimulators. Patients with CKD may have secondary hyperparathyroidism, and dietary restriction of phosphorus may be required to improve bone mineralization [110].



Treating metabolic acidosis in chronic kidney disease (CKD) will slow down the decline in GFR and this is typically achieved by the addition of sodium bicarbonate (NaHCO3). Acidosis also affects myocardial contractility. The goal is to keep plasma bicarbonate >22 meQ/L [38]. While dietary changes and oral sodium bicarbonate are recommended in CKD, current research does not provide sufficient evidence to recommend intravenous sodium bicarbonate for high anion gap metabolic acidosis, especially due to lactic acidosis. Sodium bicarbonate infusion may have a potential function only in treating severe metabolic acidosis. Untoward adverse effects such as hypercapnia and respiratory depression have been observed [111].



Physical therapy is an essential part of the management of CRS. When patients are stable enough to participate in physical therapy, a gradually stepped-up physical activity regimen must be incorporated, as insufficient physical activity levels are linked to increased mortality and reduced 11-month event-free survival. The American Physical Therapy Association recommends inspiratory muscle, aerobic exercise, resistance training, and neuromuscular electrical stimulation (NMES) to improve the mobility and quality of life in patients with heart failure. Simple interventions such as an educational program that covers topics of heart failure, medications, diet, exercise recommendations, symptom tracking, and self-care can decrease hospital readmissions by up to 13% [112].




2.9. Palliative Care


In patients with advanced CHF and in patients with limited therapeutic options or approaching end of life, discussions about quality of life and treatment goals should be established. In such patients, prioritizing symptom management becomes more important than pursuing treatments, and the deterioration of renal function should not limit diuretic use if the patient remains in volume overload [31]. The INTrEPID (Investigation of Nontransplant-Eligible Patients Who Are Inotrope Dependent) trial found that transplant-ineligible patients with severe CHF and inotrope dependent had a mortality rate of around 90% in the first year. Those on optimal medical therapy also had similar mortality rates. [113].



The significance of advanced care planning has been acknowledged by the AHA. In their statement in 2012, they recommended shared decision-making in patients with advanced CHF. Patients with type 1 CRS have inferior renal outcomes, and the requirement of CRRT has been related to increased mortality in these patients, especially those >70 years of age [42]. RAAS inhibitors are recommended to be stopped for end-of-life care management [31]. Patients with advanced heart failure have poor health-related quality of life (HRQOL) due to various factors such as symptom burden, physical disability, and depression. Therefore, addressing these issues is recommended [114].





3. Future Directions and Conclusions


Machine learning models using the least absolute shrinkage and selection operator (LASSO) logistic regression have been created to predict the mortality of patients with CHF and CKD [41,115]. The normograms generated by these models can be used to stratify high-risk patients. These models have been validated in an acute setting and can aid management [41]. Various biomarkers are gaining interest as possible methods to detect early AKI. Although many require validation and need to become easily accessible, they could be valuable tools in the care of these patients [9]. Novel urinary biomarkers are also being developed to detect AKI and tubular injury. At present, NGAL, NAG, and KIM-1 are available, but their use is limited [34].



The management of CRS requires the individualization of therapy to address the underlying cause. Understanding and detecting overlap in the comorbidities helps construct effective management strategies. There are a lack of data on patients with advanced CKD, such as stages 4 and 5. The overall management of CRS mandates stabilization of hemodynamics, use of inotropic and diuretic agents, mitigating diuretic resistance, GDMT, and electrolyte derangements. Mechanical circulatory support offers additional advantages in select patients. These strategies address the complex interplay between the cardiac and renal functions to enhance patient outcomes and reduce the burden of this challenging condition.
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Figure 1. Pathophysiological mechanisms in cardiorenal syndrome and targets for medical therapies. Abbreviations: MRA, mineralocorticoid receptor antagonist; RAAS, renin–angiotensin–aldosterone system; SGLT2i, sodium–glucose-linked transporter type 2 inhibitors. 
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Figure 2. Therapy options available in the management of cardiorenal syndrome. 
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Table 1. Clinical studies on the efficacy of diuretics in the management of cardiorenal syndrome.






Table 1. Clinical studies on the efficacy of diuretics in the management of cardiorenal syndrome.





	Study, Year
	Study Design;

Patients and Controls
	Total, n
	Inclusion and

Exclusion Criteria
	Outcomes Measured
	Main Findings





	DOSE [28], 2011
	Design: randomized control trial

Patients and controls: 1:1:1:1 randomization into low-dose vs. high-dose furosemide as a bolus or continuous infusions
	308
	Inclusion criteria: history of CHF and prior use of an oral loop diuretic

Exclusion criteria: systolic BP < 90 mmhg, serum creatinine >3 mg/dL
	Primary: improvement in symptoms, creatinine change in 72 h

Secondary: changes in body weight, treatment failure, death, readmissions
	No significant changes were noted to the patient’s symptoms or renal function between bolus vs. continuous infusions or low-dose vs. high-dose groups. High-dose strategy was associated with more diuresis but also had transient worsening of creatinine.



	ALLHAT [30], 2002
	Design: randomized control trial

Patients and controls: randomized to receive chlorthalidone, amlodipine, or lisinopril
	42,418
	Inclusion criteria: ≥55 years

Exclusion criteria: EF < 35%, serum creatinine > 2 mg/dL
	Primary: fatal acute coronary syndrome

Secondary: all-cause mortality, stroke, heart failure, and end-stage renal disease
	Treatment with chlorthalidone prevented cardiovascular events as effective as amlodipine and lisinopril. Chlorthalidone was superior to amlodipine or lisinopril in preventing CHF.



	ADVOR [35], 2022
	Design: multicenter randomized control trial

Patients and controls: 1:1 randomization to receive intravenous acetazolamide or placebo
	519
	Inclusion criteria: acute CHF and elevated natriuretic peptide levels

Exclusion criteria: use of other proximal tubular diuretics, SGLT2i
	Primary: absence of fluid overload

Secondary: all-cause mortality, readmissions in 3 months
	The addition of acetazolamide increased the chances of decongestion compared to placebo.



	TACTICS-HF [36], 2017
	Design: multicenter randomized control trial

Patients and controls: 1:1 randomization to receive tolvaptan or placebo
	257
	Inclusion criteria: acute decompensated CHF, BNP > 400 pg/mL or NT-proBNP > 2000 pg/mL

Exclusion criteria: systolic BP < 90 mmhg, serum creatinine >3.5 mg/dL
	Primary: decreased mortality, improvement of dyspnea

Secondary: change in body weight, worsening renal function, total length of hospital stays
	Adding tolvaptan to standard diuretic therapy did not lead to significantly improved outcomes.







Abbreviations: BNP, B-type natriuretic peptide; BP, blood pressure; CHF, congestive heart failure; EF, ejection fraction; NT-proBNP, N-terminal pro b-type natriuretic peptide; SGLT2i, sodium–glucose cotransporter-2 inhibitor.













 





Table 2. Clinical studies on the management of diuretic resistance in cardiorenal syndrome.
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	Study, Year
	Study Design;

Patients and Controls
	Total, n
	Inclusion and

Exclusion Criteria
	Outcomes

Measured
	Main Findings





	CARRESS-HF [43], 2012
	Design: randomized control trial

Patients and controls: randomized to ultrafiltration or stepped-up pharmacological diuretic therapy
	188
	Inclusion criteria: acute decompensated CHF, an increase in serum creatinine of at least 0.3 mg/dL within 12 weeks before admission

Exclusion criteria: serum creatinine level > 3.5 mg/dL, intravenous vasodilators or inotropes
	Primary: change in serum creatinine and body weight

Secondary: rapidity of decongestion
	Ultrafiltration was associated with a significant worsening of renal function compared to pharmacologic therapy but showed no significant difference in weight loss. Ultrafiltration also led to higher rates of serious adverse events.



	UNLOAD [45], 2007
	Design: multicenter, randomized control trial

Patients and controls: 1:1 randomized to early ultrafiltration or. diuretics
	200
	Inclusion criteria: acute decompensated CHF, EF ≤ 40%

Exclusion criteria: serum creatinine > 3.0 mg/dL, systolic BP < 90 mm Hg
	Primary: change in body weight and dyspnea

Secondary: net volume removal at 48 h, readmissions, electrolytes
	Ultrafiltration resulted in greater weight and net volume removal at 48 h than diuretics. There were fewer readmissions within 90 days. The incidence of adverse events was similar between the groups, with no significant difference in serum creatinine levels



	AVOID-HF [44], 2016
	Design: randomized, unblinded control trial

Patients and controls: 1:1 randomized to adjustable ultrafiltration or adjustable loop diuretics
	224
	Inclusion criteria: acute decompensated CHF

Exclusion criteria: contraindications to ultrafiltration
	Primary: recurrence of heart failure within 90 days of discharge

Secondary: clinical improvement at 30 and 90 days, adverse effects
	There were no significant differences in the recurrence of heart failure between the groups. More adverse events were noted in the ultrafiltration group







Abbreviations: BP, blood pressure; CHF, congestive heart failure; EF, ejection fraction.













 





Table 3. Clinical studies on the efficacy of inotropes in the management of cardiorenal syndrome.
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	Study, Year
	Study Design;

Patients and Controls
	Total, n
	Inclusion and

Exclusion Criteria
	Outcomes

Measured
	Main Findings





	ROSE-AHF [3], 2016
	Design: multicenter randomized control trial

Patients and controls: randomized to low-dose dopamine vs. low-dose nesiritide vs. placebo
	360
	Inclusion criteria: acute CHF

Exclusion criteria: systolic BP < 90 mmhg, serum creatinine >3 mg/dL, use of intravenous vasodilators or inotropes
	Primary: urine output over 72 h, changes to renal renal function determined by cystatin-C

Secondary: change in body weight, changes in NT-proBNP levels
	Significant improvements in CHF and renal function were not seen in both dopamine and nesiritide groups. Adverse effects were similar in both groups



	Post hoc analysis of ALARM-HF study, 2011 [48]
	Design: multicenter retrospective study

Patients and controls: propensity-based groups were created to compare groups receiving inotropes along with diuretics
	4953
	Inclusion criteria: acute decompensated CHF
	Primary: all-cause mortality, length of hospital stays

Secondary:
	Dopamine, dobutamine, norepinephrine, and epinephrine were associated with increased in-hospital mortality.



	OPTIME-CHF [50], 2003
	Design: randomized control trial

Patients and controls: randomized to receive milrinone or placebo
	949
	Inclusion criteria: acute decompensated CHF

Exclusion criteria: systolic BP < 80 mm Hg, serum creatinine >3.0 mg/d, arrhythmias
	Primary: length of hospitalized days

Secondary: mortality at 60 days, ability to reach maximum dosing of ACEi
	Patients treated with milrinone had longer hospitalizations. Patients with ischemic heart failure had worse outcomes, but patients with non-ischemic heart failure had good outcomes



	LIDO [53], 2002
	Design: randomized control trial

Patients and controls: Randomized to receive levosimendan or dobutamine
	203
	Inclusion criteria: EF < 35%, cardiac index < 2.5 L/min/m2

Exclusion criteria: severe renal or hepatic failure, restrictive or hypertrophic cardiomyopathy
	Primary: hemodynamic improvement in 24 h

Secondary: improvement of heart failure symptoms, time to development of worsening heart failure or death
	Treatment with levosimendan improved hemodynamics when compared to dobutamine. The levosimendan group had less mortality at 180 days.







Abbreviations: ACEi, angiotensin-converting enzyme Inhibitor; BP, blood pressure; CHF, congestive heart failure; NT-proBNP, N-terminal pro b-type natriuretic peptide. 













 





Table 4. Clinical studies on the efficacy of pharmacological therapy in the management of cardiorenal syndrome.






Table 4. Clinical studies on the efficacy of pharmacological therapy in the management of cardiorenal syndrome.





	Study, Year
	Study Design;

Patients and Controls
	Total, n
	Inclusion and

Exclusion Criteria
	Outcomes

Measured
	Main Findings





	Analysis of data from SOLVD [57], 2019
	Design: multicenter randomized control trial

Patients and controls: randomized to receive enalapril or placebo
	6245
	Inclusion criteria: symptomatic or asymptomatic CHF

Exclusion criteria: serum creatinine level of >2.5 mg/dL, age > 80 years, uncontrolled HTN
	Primary: all-cause mortality over 3 to 5 years

Secondary: cardiovascular-related deaths and CHF readmissions
	Patients with HFrEF treated with enalapril had a decreased risk of mortality and CHF hospitalizations. After initiating enalapril, a moderate decrease in eGFR was noted and was acceptable.



	PARADIGM-HF [58], 2014
	Design: multicenter randomized control trial

Patients and controls: 1:1 randomization to receive LCZ696 or enalapril
	10,521
	Inclusion criteria: NYHA class II-IV symptoms, EF ≤ 35%, and elevated BNP or NT-proBNP levels

Exclusion criteria: systolic BP < 100 mmhg, eGFR <30 mL/min/1.73 m2, serum potassium > 5.4 mmol/L
	Primary: death due to cardiovascular causes, CHF hospitalization

Secondary: time to death from all causes, new onset of atrial fibrillation, worsening renal function
	ARNi reduced deaths due to cardiovascular causes and CHF hospitalizations by 20% compared to enalapril. The risk of death from all causes was also decreased.



	PIONEER-HF [60], 2019
	Design: multicenter randomized control trial

Patients and controls: 1:1 randomization to receive sacubitril–valsartan or enalapril
	887
	Inclusion criteria: EF ≤ 40%, elevated BNP or NT-proBNP levels

Exclusion criteria: severe renal impairment, symptomatic hypotension
	Primary: change in NT-proBNP concentration

Secondary: worsening renal function, hyperkalemia, symptomatic hypotension
	Treatment with sacubitril–valsartan caused a higher reduction in the NT-proBNP concentration. The rates of hyperkalemia or worsening renal function did not differ significantly between the groups.



	RALES [65], 1999
	Design: randomized control trial

Patients and controls: 1:1 randomization to receive spironolactone or placebo
	1663
	Inclusion criteria: NYHA class III or IV symptoms, EF ≤ 35%

Exclusion criteria: serum creatinine > 2.5 mg/dL, serum potassium > 5 mmol/L
	Primary: all-cause mortality

Secondary: death due to cardiovascular causes, CHF hospitalizations
	Treatment with spironolactone significantly reduced the risk of all-cause mortality who were receiving standard therapy, which included an ACEi.



	ATHENA-HF [66], 2020
	Design: multicenter randomized control trial

Patients and controls: randomized to receive high dose (100 mg of spironolactone or low dose spironolactone (25 mg) or placebo
	112
	Inclusion criteria: acute decompensated CHF, elevated BNP or NT-proBNP levels
	Primary: change in NT-proBNP concentration at 96 h

Secondary: change in body weight, net urine volume, dyspnea relief
	Treatment with high-dose spironolactone did not significantly improve NT-proBNP concentrations or the other secondary endpoints compared to low-dose spironolactone or placebo.



	EPHESUS [67], 2003
	Design: multicenter randomized control trial

Patients and controls: 1:1 randomization to receive eplerenone or placebo
	6642
	Inclusion criteria: patients with myocardial infarction, EF ≤ 40%, symptomatic CHF

Exclusion criteria: serum creatinine > 2.5 mg/dL, serum potassium > 5 mmol/L
	Primary: All-cause mortality

Secondary: death due to cardiovascular causes
	Treatment with eplerenone significantly reduced all-cause mortality, other cardiovascular events, and CHF hospitalizations. The risk of hyperkalemia was higher in the eplerenone group.



	EMPEROR [7], 2020
	Design: randomized control trial

Patients and controls: 1:1 randomization to receive empagliflozin or placebo
	3730
	Inclusion criteria: NYHA class III or IV symptoms, EF ≤ 40%
	Primary: death due to cardiovascular causes, worsening CHF

Secondary: CHF hospitalizations, worsening of eGFR
	Treatment with empagliflozin significantly reduced death due to cardiovascular causes, CHF hospitalizations and rate of eGFR decline.



	Analysis of data from CREDENCE [77], 2021
	Design: randomized control trial

Patients and controls: 1:1 randomization to receive canagliflozin or placebo
	4401
	Inclusion criteria: HbA1c levels between 6.5% and 12.0%, and chronic kidney disease with eGFR of 30 to less than 90 mL/min/1.73 m2 and albuminuria between 300 to 5000 mg/g
	Primary: death due to renal or cardiovascular causes, doubling of serum creatinine

Secondary: death due to cardiovascular causes and CHF hospitalizations
	Canagliflozin significantly reduced the risk of end-stage kidney disease, doubling serum creatinine, and renal or cardiovascular death. It also reduced the risk of heart failure hospitalizations and cardiovascular death by 31%.



	EMPULSE [80], 2022
	Design: multicenter randomized control trial

Patients and controls: 1:1 randomization to receive empagliflozin or placebo
	530
	Inclusion criteria: Acute decompensated CHF

Exclusion criteria: cardiogenic shock, eGFR of 20 mL/min/1.73 m2
	Primary: all-cause mortality, number and time to first heart failure event

Secondary: death due to cardiovascular cause, CHF hospitalizations, change in NT-proBNP concentrations
	Empagliflozin showed a significant clinical benefit over a placebo when started in patients with acute 