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Abstract
Background: The renin-angiotensin-aldosterone axis plays a pivotal role in the pathophysiol-
ogy of acute and chronic heart failure (HF) and represents an important target for guideline-
directed medical therapy. Summary: The use of appropriate directed medical therapies for 
inhibition of the renin-angiotensin-aldosterone axis in chronic HF has been the subject of 
several landmark clinical trials, with high levels of adherence exhibited in the outpatient set-
ting. However, less clarity exists with respect to the initiation, continuation, and cessation of 
renin-angiotensin-aldosterone system inhibitors (RAASi) in the setting of acute HF and exac-
erbation of HF necessitating hospitalization. In this review, we summarize relevant aspects of 
the physiology of the renin-angiotensin-aldosterone axis in acute HF and during deconges-
tion. We also summarize the available evidence for the risks and benefits of initiating and 
continuing RAASi in acute HF. Key Message: We offer a decision-making pathway for the use 
of RAASi in the setting of acute HF that would help guide the cardiologist and nephrologist 
caring for patients with acute HF and cardiorenal syndrome. © 2020 S. Karger AG, Basel
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Introduction

The renin-angiotensin-aldosterone system (RAAS) plays a central role in the pathophys-
iology of acute and chronic heart failure (HF). It is extensively influenced by decongestive 
strategies such as diuresis and ultrafiltration for HF as well as pharmacotherapies used in 
guideline-directed medical therapy (GDMT) directed at RAAS inhibition. While modulation of 
the renin-angiotensin-aldosterone axis is well represented in landmark HF trials in the setting 
of chronic HF, there is less guidance on the use of RAAS inhibitors (RAASi) in the setting of 
acute HF. In this review, we discuss the data regarding safety and the logistics surrounding 
initiation, continuation, and withdrawal of RAASi in acute HF. We focus on angiotensin-
converting enzyme inhibitors (ACEi), angiotensin II receptor blockers (ARB), angiotensin 
receptor neprilysin inhibitors (ARNi)/valsartan, and mineralocorticoid receptor antagonists 
(MRA) as part of the RAAS-targeting GDMT portfolio for patients with HF. Finally, we outline 
an opinion-based decision-making pathway that will help cardiologists and nephrologists 
treating patients with acute HF apply best clinical practices to optimize outcomes in these 
vulnerable patients.

Physiology of the RAAS

Renin is an enzyme synthesized by specialized granular cells in the juxtaglomerular 
apparatus and released by the afferent arteriole in response to three stimuli: (1) decreased 
arterial blood pressure, sensed by the baroreceptor cells in the arteriolar vessel wall, (2) 
decreased intracellular chloride levels inside the macula densa cells, lining the renal tubules 
at the end of Henle’s loop, a process that is potentiated by potassium depletion, and (3) 
sympathetic activation. Renin breaks down hepatically secreted circulating angiotensinogen, 
converting it into angiotensin I which is later transformed into angiotensin II by endothelial 
cells. Angiotensin II is a potent stimulator of aldosterone release by the adrenal glands. The 
purpose of the RAAS is to regulate blood pressure, fluid and electrolyte balance, and systemic 
vascular resistance.

Renin-Angiotensin-Aldosterone Axis in HF and Kidney Injury

Plasma renin activity (PRA) and plasma aldosterone are key mediators of HF decompen-
sation and progression. Persistent and excessive RAAS activation causes adverse cardiac 
remodeling and fluid retention, with worsening congestion (Fig.  1). RAAS activation is 
sensitive to low cardiac output (CO)/low renal perfusion, responding even to simple postural 
changes. Low CO in early stages of HF prompt RAAS-activated fluid retention, which increases 
ventricular preload and CO until CO again meets the RAAS activation threshold. RAAS acti-
vation is kept at an increased set point to maintain the compensated CO [1]. When the 
ventricular stroke volume declines, the CO cannot reach the new higher RAAS activation 
threshold. The RAAS is stimulated to compensate for the lowering CO in a futile attempt to 
elevate the decreased CO. With increased salt retention accompanying this maladaptive acti-
vation of the RAAS, there is a shift of the Frank-Starling curve to the right, precipitating an 
ineffective, excessive, and congested state in HF [2].

The activation of the RAAS drives worsening kidney function and cardiorenal syndrome 
in subjects with acute HF. Additionally, decongestive therapies in acute HF (diuretics and 
ultrafiltration) themselves modulate the RAAS. The Diuretic Optimization Strategies in Acute 
Heart Failure (DOSE) and Cardiorenal Rescue Study in Acute Decompensated Heart Failure 
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(CARRESS-HF) trials are the largest contemporary datasets with data on RAAS biomarker 
changes (PRA and serum aldosterone) during decongestive treatment for acute HF. In these 
studies, PRA and plasma aldosterone were measured at baseline and after 72 and 96 h of 
decongestive treatment, and the relationship between RAAS activation and HF severity in the 
DOSE and CARESS-HF trials was described by Mentz et al. [3]. In this analysis, patients had 
high adherence to neurohumoral blocker therapies including ACEi, ARB, and MRA. PRA levels 
significantly increased with decongestive therapy in the continuous group compared to the 
bolus of furosemide group of the DOSE trial (median: +1.66 vs. +0.66 ng/mL/h with continuous 
vs. bolus infusion, respectively, p = 0.021), and in the ultrafiltration group compared to the 
stepped pharmacological care arm of CARRESS-HF (+4.05 vs. +0.56 ng/mL/h with ultrafil-
tration vs. stepped care, respectively, p = 0.014). However, there were no significant differ-
ences in PRA or plasma aldosterone levels between the high and low dose of furosemide 
group in the DOSE trial. Worsening renal function correlated with higher levels of RAAS 
biomarkers (PRA of ≥1.058 ng/mL/h and aldosterone levels of ≥0.95 pg/mL). Neither 
baseline PRA nor aldosterone was associated with worse mortality or HF hospitalization 
(hazard ratio [HR] for a doubling of 1.05; 95% confidence interval [CI]: 0.98–1.13; p = 0.18; 
and HR: 1.13; 95% CI: 0.99–1.28; p = 0.069, respectively). A low proportion of subjects 
achieved clinical decongestion in these trials (15% after 72 h in the DOSE study and 10% after 
96 h in the CARRESS-HF trial). Importantly, mortality and HF readmissions after 60 days were 
not associated with higher levels of RAAS biomarkers at 2–96 h.
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Fig. 1. Pathophysiology of neurohumoral and inflammatory pathways involved in cardiorenal syndrome. 
Reprinted from Ismail et al. [39] with permission from Elsevier. © 2012, Elsevier.
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Of note, the analysis by Mentz et al. [3] clarified prior misconceptions, such as potential 
worsening of HF due to excessive RAAS activation with high-dose loop diuretics or ultrafil-
tration, when the excessive RAAS activation is actually related to HF severity [4]. The timing 
of the sample acquisition was key as well, since the DOSE and CARRESS-HF trials were 
designed to collect the data of subjects with “excess” circulating volume, and their decon-
gestive strategies were aimed at euvolemia. Ultrafiltration results in a greater PRA increase 
than does stepped pharmacologic care, which may be related to transient intravascular hypo-
volemia, despite the stable rate fluid removal. The RAAS activation with furosemide may be 
related to changes in sodium flux in the macula densa and baroreceptor-related counter-
mechanisms, renal sympathetic nerve activity, and intrarenal prostaglandins.

Aside from the worsening HF itself that can alter the RAAS and contribute to the wors-
ening congestion and renal function in cardiorenal syndrome as discussed above, biochemical 
evidence of acute kidney injury (AKI) is commonly seen in the form of elevations in serum 
creatinine in patients with acute decompensated HF. Often this happens in the setting of the 
use of RAASi medications. These elevations in serum creatinine do not necessarily reflect 
actual kidney tubular damage. In fact, in a subanalysis of two large studies of intensive blood 
pressure lowering, the Action to Control Cardiovascular Risk in Diabetes Blood Pressure 
(ACCORD-BP) trial and the Systolic Blood Pressure Intervention Trial (SPRINT), even though 
there were a noted elevation of serum creatinine and lower estimated glomerular filtration 
rates (eGFRs) in the intensive blood pressure lowering groups, there was no associated 
elevation of kidney injury biomarker levels [5, 6]. This suggests that these serum creatinine 
elevations and decreases in eGFR could result from hemodynamic changes and may not 
necessarily indicate actual kidney tubular damage [5, 6]. Thus, discontinuation of RAASi in 
the setting of elevations in serum creatinine may actually represent missed opportunities to 
improve clinical outcomes in patients with acute HF. We therefore proceed to discuss the 
current evidence on initiation, maintenance, and discontinuation of RAASi in patients with 
HF, including the use of urinary biomarkers to help identify actual kidney tubular damage to 
help maximize the use of these RAASi in these patients.

RAASi in Acute HF

Initiation and Maintenance of RAASi
Goal-directed medical therapies in HF involve inhibition of the RAAS as one of the key 

targets for treatment in HF, with high-quality data available on the benefits of RAASi in 
chronic HF. ACEi reduce morbidity, mortality, and hospitalization in cases of HF with 
reduced ejection fraction (HFrEF) [7]. Comparable findings have been described with ARB 
[8]. Prescribing an ACEi at hospital discharge may impact adherence in the outpatient 
setting [9]. There is evidence of protective benefits with upward titration of ACEi even with 
elevations in serum creatinine during HF hospitalization [10]. The initiation of therapy with 
ACEi, ARB, and ARNi is a class I indication in the management of patients with HFrEF [11]. 
However, there are no high-quality clinical outcome data to guide the initiation of in-hospital 
ACEi/ARB in acute HF. Tables 1 and 2 include the studies that support the initiation of 
RAASi in acute HF, which will be discussed in this section [12–19]. A large observational 
study from the Get with the Guidelines Heart Failure (GWTG-HF) registry by Gilstrap et al. 
[13] found that in a cohort of 16,052 patients, those who were initiated on ACEi/ARB before 
the time of discharge after a hospitalization for acute HF had lower death and readmission 
rates at 1 year. Another observational cohort of HF patients found that individuals initiated 
on an ACEi/ARB had lower 30-day all-cause readmissions (18 vs. 24%; HR: 0.74; 95% CI: 
0.56–0.97; p = 0.030) and all-cause mortality (7 vs. 14%; HR: 0.56; 95% CI: 0.33–0.98), both 
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of which remained significant 30 days and 1 year after discharge [12]. A large Medicare 
population analysis showed that in patients with changes in serum creatinine values that 
met the criteria for AKI that developed during hospitalization for HF, 54% had received 
ACEi/ARB prescriptions at discharge, and the benefits of these therapies were accrued with 
significantly lower 30-day all-cause readmission, 30-day HF readmission, and 30-day all-
cause mortality [20]. Notably, these effects were still present 1 year after discharge post HF 
hospitalization. This observation underscores the importance of distinguishing functional 
causes of fluctuations in biomarkers of glomerular filtration from true intrinsic kidney 
injury, for which the clinical use of biomarkers of renal tubular injury may play an important 
role [13]. This concept is further discussed in the section on urinary biomarkers of kidney 
injury. Caution should be used in truly hypovolemic patients because RAAS activation is 
appropriately high in this context, and ACEi/ARB may cause excessive blood pressure 
lowering and exacerbation of a prerenal state. The barriers towards starting these medica-
tions in acute HF identified in these different analyses were presence of azotemia, hypo-
tension, worsening serum creatinine, cost, and adverse side effects such as angioedema and 
hyperkalemia [21].

Table 1. Summary of studies on initiation or continuation of ACEi/ARB in acute HF

Therapy, reference Design, population (n) Findings

GWTG-HF
Sanam et al. [12]

observational: patients without 
prior ACEi/ARB use and discharge 
on ACEi/ARB; prescription vs. no 
prescription; n = 954

30 days after discharge, ACEi/ARB was associated with 
significantly lower propensity-adjusted all-cause 
readmission (HR: 0.74; 95% CI: 0.56–0.97; p = 0.030); 
lower 30-day all-cause mortality (HR: 0.56; 95% CI:  
0.33–0.98; p = 0.041); associations remained significant  
at 1 year

GWTG-HF (Medicare 
claims data)
Gilstrap et al. [13]

observational: ACEi/ARB 
withdrawal vs. continuation;  
n = 16,052

1-year after discharge, in-hospital ACEi/ARB withdrawal 
was associated with higher adjusted mortality risk 
compared with continuation (HR: 1.35; 95% CI: 1.13–1.61; 
p < 0.001); 30-day mortality started or continued ACEi 
540/14,535 vs. 117/1,517 (HR: 0.48) stopped or 
discontinued; 30-day readmission on ACEi 2,679/14,535 
vs. 369/1,517 discontinued (HR: 0.76)

PIONEER-HF
Velazquez et al. [14]

randomized clinical trial: patients 
randomized to in-hospital initiation 
of sacubitril/valsartan vs. enalapril 
with 12-week follow-up; n = 881

the time-averaged reduction in the NT-proBNP 
concentration was significantly greater in the sacubitril-
valsartan group than in the enalapril group; the greater 
reduction was evident as early as week 1 (ratio of change: 
0.76; 95% CI: 0.69–0.85); the rates of worsening renal 
function, hyperkalemia, symptomatic hypotension, and 
angioedema did not differ significantly between the two 
groups

PARADIGM-HF
McMurray et al. [15]

randomized clinical trial: patients 
were randomized to angiotensin 
receptor-neprilysin (LCZ696) 
inhibitor vs. enalapril; means 
follow-up 27 months; n = 8,442

angiotensin receptor-neprilysin inhibitor was superior  
to enalapril in reducing the risks of death HR for death 
from any cause (HR: 0.84; 95% CI: 0.76–0.93; p < 0.001) 
and reduced hospitalization for HF (HR: 0.79; 95% CI: 
0.71–0.89; p < 0.001)

GWTG-HF, Get With the Guidelines Heart Failure; PARADIGM-HF, Prospective Comparison of ARNI with ACEI to Determine 
Impact on Global Mortality and Morbidity in Heart Failure; PIONEER-HF, Angiotensin-Neprilysin Inhibition in Acute Decompen-
sated Heart Failure.
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There are limited data to support the continuation of RAASi in the hemodynamically 
stable hospitalized patient. Serial hemodynamic measurements by Packer et al. [22] demon-
strated that ACEi (captopril and enalapril) acutely lower right and left ventricular filling pres-
sures, mean arterial pressure, heart rate, and systemic and pulmonary vascular resistance, and 
also increase cardiac, stroke volume, and stroke work index. The interpretation of the hemo-
dynamic measurements provided by right heart catheterization assist the clinician in under-
standing the filling pressures of the patient and help with the clinical dilemma of diuresis and 
volume status assessment. If the patient is showing signs of elevated filling pressures such as 
elevated right atrial pressures and elevated pulmonary capillary wedge pressure, this may 
suggest volume overload and need for diuresis. Continuation of diuresis and RAASi in this 

Table 2. Summary of studies on the use of MRA in acute HF

Therapy, reference Design, population (n) Findings

MRA in ADCHF
Ferreira et al. [16]

nonrandomized clinical trial, single-
blind: patients assigned to short 
in-hospital course of spironolactone 
50–100 mg/day plus standard care 
vs. standard care alone; n = 100

worsening renal function was more frequent in the 
control group (20 vs. 4%; p = 0.038); greater proportions 
of patients receiving spironolactone were congestion  
free (less edema, rales, jugular venous pressure, and 
orthopnea) at day 3 (32 vs. 66%; p = 0.001) (all p < 0.05)

ATHENA-HF
Butler et al. [17]

randomized clinical trial: high-dose 
spironolactone 100 mg/day for  
4 days plus standard care vs. 
standard care alone; n = 360

spironolactone not associated with excess in-hospital 
worsening renal function or hyperkalemia in 51 of 182 
patients (28%) taking high-dose spironolactone and 57 
of 178 patients (32%) receiving usual care (p = 0.42); 
spironolactone therapy improved clinical markers of 
congestion compared with standard care

Alabama HF Project 
Lam et al. [18]

observational propensity-matched 
cohort: patient without MRA use at 
admission, discharged with MRA 
prescription vs. no prescription;  
n = 648

30 days after discharge, MRA therapy was not associated 
with propensity-adjusted risk of all-cause readmission 
(HR: 0.92; 95% CI: 0.64–1.32; p = 0.650), all-cause 
mortality (HR: 0.84; 95% CI: 0.38–1.88; p = 0.678), or HF 
readmission (HR: 0.74; 95% CI: 0.41–1.31; p = 0.301); 
associations remained consistent at 1 year

JCARE-CARD registry
Hamaguchi et al. [52]

observational: use of spironolactone 
at discharge vs. no use; n = 946

mean post-discharge follow-up of 2.2 years, use of 
spironolactone associated with lower adjusted risk of 
all-cause mortality (HR: 0.62; 95% CI: 0.41–0.93; p = 
0.020), and lower cardiovascular death (HR: 0.52; 95% 
CI: 0.32–0.87; p = 0.013); spironolactone not associated 
with adjusted risk of all-cause hospitalization (HR: 0.79; 
95% CI: 0.59–1.05; p = 0.101)

GWTG-HF
Hernandez et al. [19]

observational: among patients 
eligible for therapy, discharge MRA 
prescription vs. no prescription;  
n = 5,887

3 years after discharge, MRA therapy was not associated 
with adjusted risk of mortality (HR: 1.04; 95% CI: 0.96–
1.14; p = 0.32); cardiovascular rehospitalization (HR: 
1.00; 95% CI: 0.91–1.09; p = 0.94); MRA therapy 
associated with lower adjusted risk of HF 
rehospitalization (HR: 0.87; 95% CI: 0.77–0.98; p = 0.02); 
MRA therapy associated with higher adjusted risk of 
hospitalization for hyperkalemia at 30 days (HR: 2.54; 
95% CI: 1.51–4.29; p < 0.001) and 1 year (HR: 1.50; 95% 
CI: 1.23–1.84; p < 0.001)

ADCHF, acutely decompensated chronic heart failure; ATHENA-HF, Aldosterone Targeted Neurohormonal Combined with 
Natriuresis in Heart Failure; GWTG-HF, Get With the Guidelines Heart Failure.
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setting may be feasible. The use of biomarkers may also guide for the RAASi decision-making. 
Solomon et al. [23] reported on a recent meta-analysis that included data from the Inhibition 
of Metallo-Protease by Omapatrilat in a Randomized Exercise and Symptoms Study of Heart 
Failure (IMPRESS), Omapatrilat versus Enalapril Randomized Trial of Utility in Reducing 
Events (OVERTURE), and Prospective Comparison of ARNI with ACEI to Determine Impact on 
Global Mortality and Morbidity in Heart Failure (PARADIGM-HF) trials. The composite outcome 
of death or HF was reduced numerically in patients receiving combined neprilysin/ARB in all 
three trials, with a pooled HR of 0.86 (95% CI: 0.76–0.97). Combined ARNi/ARB compared to 
ACEi were associated with more hypotension, less renal dysfunction, and hyperkalemia.

In the Prospective Comparison of ARNI versus ARB on Management of Heart Failure with 
Preserved Ejection Fraction (PARAMOUNT) trial [24], LCZ696 decreased N-terminal prohor- 
mone of brain natriuretic peptide (NT-proBNP), blood pressure, and atrial size to a greater 
extent while preserving eGFR to a greater extent (36-week decline of eGFR, 1.6 mL/min/ 
1.73 m2 in the LCZ696 group vs. 5.2 mL/min/1.73 m2 in the valsartan group; p = 0.007) [24]. 
The evidence generated by the PARAMOUNT trial led to the Angiotensin-Neprilysin Inhibition 
in Acute Decompensated Heart Failure (PIONEER-HF) trial. This was a prospective, multicenter, 
double-blind, randomized controlled trial that showed the benefits of in-hospital initiation of 
ARNi (sacubitril) combined with valsartan versus enalapril in appropriately stabilized patients. 
PIONEER-HF also demonstrated reductions of NT-proBNP with ARNi versus enalapril as early 
as after 1 week of use in acute HF [25]. There were clinical exploratory outcomes as well that 
demonstrated that HF readmissions were significantly reduced at 8 weeks after initiation of 
ARNi in acute HF. This was likely due to the diuretic effect of sacubitril. Neprilysin inhibitors 
used together with an ARB in this case which is a classic RAASi seem to point again to the 
potential benefits of starting and continuing RAASi in the acute phase of decompensated HF.

When added to an ACEi/ARB, MRA provide more effective blockade of the RAAS with 
well-proven long-term benefits in subjects with HFrEF. The decrease in mortality and cardio-
vascular events with HFrEF was seen in landmark trials such as The Effect of Spironolactone 
on Morbidity and Mortality in Patients with Severe Heart Failure (RALES) [26] and Eplerenone, 
a Selective Aldosterone Blocker, in Patients with Left Ventricular Dysfunction after Myocardial 
Infarction (EPHESUS) [27]. However, there are limited high-quality data on the optimal use 
of MRA in the setting of acute HF. The Aldosterone Targeted Neurohormonal Combined with 
Natriuresis in Heart Failure (ATHENA-HF) trial compared initiation of high-dose spirono-
lactone 100 mg daily plus usual care versus usual care alone among patients hospitalized for 
HF and found no significant difference between 30-day all-cause mortality/HF hospitalization 
rates [15]. Recently, a pilot study on the use of spironolactone in subjects with diuretic 
resistant acute HF reported clinically significant weight loss and reduced dyspnea without 
associated worsening hyperkalemia or renal function [28]. There is a need to validate this 
observation in larger randomized clinical trials. Finally, there is a paucity of data with the use 
of MRA in HFrEF and chronic kidney disease (CKD). A synopsis of the available data on MRA 
in HF with impaired kidney function is available in the Scientific Statement on Cardiorenal 
Syndrome by the American Heart Association [5]. The initiation of RAASi during HF hospital-
ization up to hospital discharge and follow-up is associated with good clinical outcomes. 
There is less available evidence with the actual initiation of MRA in the setting of acute HF.

Reduction of RAASi

As the severity of HF progresses, patients may not be able to tolerate higher doses of 
medications for GDMT due to concerns of hypoperfusion and hypotension, which would also 
increase the risk for worsening renal function. Fluctuations in renal function and hyperka-
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lemia during the treatment of acute HF are common triggers for withdrawal of RAASi in 
clinical practice. However, results from the Cooperative North Scandinavian Enalapril Survival 
Study (CONSENSUS) trial showed a marked reduction in HF-related death and symptom 
burden, despite an increased serum creatinine in 11% of subjects taking enalapril compared 
to placebo [29]. There was an early increase from baseline and return to values within 30% 
of the initial creatinine after the subjects continued the ACEi in the backdrop of continued 
diuretic usage. The Study of Left Ventricular Dysfunction (SOLVD) trial reiterated the benefits 
of enalapril for HF symptoms and hospitalization rate decrease in a larger population 
compared with CONSENSUS [30, 31]. The enalapril group in SOLVD showed a 33% higher 
likelihood of a serum creatinine rise > 0.5 mg/dL, but there was a lack of data on progression 
of CKD, end-stage renal disease, or doubling of creatinine. A post-hoc analysis of SOLVD 
demonstrated mortality benefits even in subjects with higher degrees of CKD [32]. Using the 
GWTG-HF registry, it was demonstrated that 1-year mortality was 28.2% for patients who 
continued RAASi therapy, 29.7% for patients newly started on RAASi, and 41.6% for patients 
who had RAASi discontinued (adjusted HR: 1.35; 95% CI: 1.13–1.61) and 41.7% (adjusted 
HR: 0.28; 95% CI: 1.14–1.43) for patients who did not begin RAASi therapy [13] (Fig. 2). A 
more recent large retrospective analysis of the Stockholm Creatinine Measurements 
(SCREAM) registry studied patients newly initiated on ACEi/ARB. It found that increases in 
serum creatinine of ≥10% after initiation of ACEi/ARB were associated with an incremental 
increased risk of death, cardiovascular events (myocardial infarction and HF), and devel-
opment of end-stage renal disease, depending on the degree of creatinine elevation [33]. It 
was interesting to note that the patients with ≥30% early increase in serum creatinine were 
older, had more comorbidities including HF, and used more medications compared to patients 
with less serum creatinine increase [33]. Acute decreases in renal function after initiation of 
ACEi/ARB are usually hemodynamic in origin and do not necessarily reflect structural injury 
to the kidneys, including in subjects with decompensated HF undergoing aggressive decon-
gestion with high-dose loop diuretics [34, 35]. This suggests that the degree of serum cre- 
atinine elevation after ACEi/ARB initiation described in the SCREAM registry might be a 
reflection of the severity of patient illness and comorbidities wherein RAASi may be delete-
rious in sicker patients with borderline hemodynamic profiles and not cause a direct adverse 
effect with the use of these drugs per se. This is underscored by data from a recent analysis 
of the SOLVD trial dataset by McCallum et al. [36] using a conservative estimate using 0% 
eGFR decline in the placebo arm as the reference, where up to a 10% decline with enalapril 
was associated with mortality benefit (HR: 0.87; 95% CI: 0.77–0.99), while up to a 35% 
decline was associated with decreased risk of HF hospitalization (HR: 0.78; 95% CI: 0.61–
0.98). There was no eGFR decline, including up to 40%, in any models at either 2 or 6 weeks 
in this trial where enalapril was associated with higher mortality risk. Thus, the critical need 
to ensure optimal delivery of RAASi, especially during and after the vulnerable period of HF 
hospitalization, reiterates the need to incorporate the use of biomarkers of tubular injury to 
interpret the significance of minor fluctuations in serum creatinine levels in the setting of 
ACEi/ARB treatment in acute HF.

In African American patients with HFrEF, ACEi/ARB dose reduction or discontinuation 
tend to occur more frequently than for beta-blockers (17.2 vs. 7%) [37]. Reduction or discon-
tinuation of RAASi tends to take place because of AKI (56.7%), hypotension (23.3%), and 
hyperkalemia (10%) [37]. Nearly one-fourth of patients on ACEi/ARB with dose reduction or 
discontinuation had concerns for azotemia, although their creatinine levels did not signifi-
cantly change throughout hospitalization. Interestingly, there was a trend for a higher median 
length of stay (5.5 vs. 3 days) and a shorter time to HF readmission in patients with discon-
tinued versus continued ACEi/ARB therapy [32]. It appears that renal function is a main 
driver of decisions about medication regimen in the setting of acute HF. Additionally, there 
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may be racial/ethnic differences in practice patterns with the use of GDMT in HF, with higher 
rates of drug cessation in African-American and Afro-Caribbean patients [38, 39]. However, 
it should be noted that other nonphysiologic factors such as potential prescriber discrimi-
nation/biases and socioeconomic factors could account for differences in RAASi use. Simple 
social differences such as limited disease awareness, inadequate access to health care, and 
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noncompliance with clinic appointments may influence HF management and outcomes, 
including medication use [40]. These findings merit investigation in future dedicated trials 
addressing the optimal usage of GDMT in acute HF.

Discontinuation of RAASi
The GWTG-HF registry found that the rate of medication discontinuation during HF for 

ACEi/ARB was as high as 8.8% [41]. The Organized Program to Initiate Lifesaving Treatment 
in Hospitalized Patients with Heart Failure (OPTIMIZE-HF) registry found that ACEi/ARB 
discontinuation was 28%, compared to 7% for beta-blockers [42]. An analysis from the 
GWTG-HF registry showed that continuation of ACEi/ARB in hospitalized patients was asso-
ciated with significantly lower 30-day, 90-day, and 1-year mortality and 30-day readmission 
compared to ACEi/ARB discontinuation. A meta-analysis of five placebo-controlled 
randomized clinical trials of ACEi in HF [43] showed that drug cessation was rarely necessary 
despite higher rates of AKI in the treatment versus placebo arms in most cases. However, in 
real-world experience, hyperkalemia (potassium > 5 mEq/L) can be a limiting factor in the 
use and titration of RAASi agents in the backdrop of acute HF with underlying CKD. In an 
analysis of the SCREAM project, among those patients with newly initiated ACEi/ARB, the 
rates of potassium > 5.0 and > 5.5 mEq/L were 51 and 29%, respectively, for those with eGFR 
< 30 mL/min/1.73 m2 [44]. In a meta-analysis of clinical trials (16,065 subjects) with baseline 
hyperkalemia and clinical risks for hyperkalemia as exclusion criteria, the rate of MRA-asso-
ciated hyperkalemia (9.5%) was approximately two-fold that of controls and, among hyper-
kalemic subjects, 54% were truly due to the MRA agent [45]. Collins et al. [46] recently demon-
strated in a nationwide electronic medical record study (n = 1,716,141 with ≥2 potassium 
values) that the presence of HF appears to considerably elevate the fatal risks of hyperka-
lemia in patients treated with RAASi. They found that all-cause mortality was 25.7% at 
potassium values of 4.0–< 5.0 mEq/L and 45.5% at potassium values > 5.0 mEq/L. The overall 
death rate was 35.7% in those with hyperkalemia with HF, CKD, and diabetes mellitus, versus 
a death rate of 2.7% in controls at the high end of potassium values. Thus, while the benefits 
of RAASi maintenance in acute HF are tangible, there is a legitimate concern for the complica-
tions of hyperkalemia with the use of RAASi in patients with CKD or chronic cardiorenal 
syndrome [46]. The Evaluation of Patiromer in Heart Failure Patients (PEARL-HF) trial 
showed that among patients with HF and CKD or with a history of hyperkalemia leading to 
discontinuation of RAASi, patiromer combined with spironolactone had a lower incidence of 
hyperkalemia and the dose of spironolactone was successfully titrated up in more patients 
[47]. On the other hand, in the Hyperkalaemia Randomized Intervention Multidose SZC Main-
tenance (HARMONIZE) trial, a subgroup analysis in patients with HF and hyperkalemia 
showed that use of sodium zirconium cyclosilicate achieved normokalemia in 93% of patients 
within 48 h without the need to adjust the RAASi doses [48]. In this context, the use of novel 
oral antihyperkalemic agents such as patiromer acetate and sodium zirconium cyclosilicate 
represent valuable tools in allowing optimal dosing of goal-directed RAASi in patients with 
HF and CKD, in the inpatient as well as the outpatient setting [49, 50].

Summary of Clinical Outcomes with Studies of RAASi in Acute HF

To better estimate the effects of ACEi/ARB on post-HF hospitalization outcomes based 
on available data, we analyzed and derived the HRs for two large observational registries by 
deriving the ratios of the exposed over total population for both treatment and control groups. 
Relative risk reductions (RRRs) were then computed from these HRs by subtracting the HRs 
from 1 (RRR = 1 – HR) for each available outcome using a methodology similar to that reported 
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in other studies [15, 17, 51]. Using this method to derive RRR, the computed RRR for 30-day 
mortality was 44 and 52% for the GWTG-HF and GWTG-HF Medicare cohorts, respectively. 
This translates to roughly a 40–50% reduction in 30-day mortality overall in patients started 
on ACEi/ARB compared to those without ACEi/ARB. On the other hand, the RRR for 30-day 
readmissions was 26 and 24% for the GWTG-HF and GWTG-HF Medicare cohorts, respec-
tively. This in turn translates to an approximate 25% reduction in 30-day readmissions in 
patients started on ACEi/ARB compared to those without (Fig.  3, 4). Thus, the treatment 
effect for the continuation of RAASi in acute HF appeared to be larger for observational studies 
as compared to randomized trials.

The evidence for the use of MRA in the setting of acute HF using the same method was 
mixed as prospective observational nonrandomized studies found statistically significant 
effects, while retrospective studies were mostly negative. First, the study by Ferreira et al. 
[16] demonstrated statistically significant benefits in terms of RRR of 80% for worsening 
renal function and a 52% RRR for worsening congestion [16]. The JCARE-CARD registry 
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showed a significant RRR for overall mortality of 39% [52], while ATHENA-HF also found a 
RRR of 13% for worsening renal function [17]. In contrast, several retrospective studies 
showed no statistically significant differences in clinical outcomes except for HF readmis-
sions in the GWTG-HF cohort with a RRR of 13% (Fig. 5). As of now, the data associated with 
the continuation of MRA in acute HF are not externally consistent.

Biomarkers

Biomarkers of kidney injury are valuable in clinical practice when RAASi may be withheld 
due to concerns for worsening renal function. Urine microscopy and evaluation of urine 
sediment represent a simple, readily available and inexpensive initial test that can differen-
tiate an intrinsic cause of AKI from functional changes in serum creatinine. This is helpful when 
interpreting fluctuations in serum creatinine levels in the setting of high-dose loop diuretics 
or escalation of RAASi in acute HF. Currently used markers of glomerular filtration rate (GFR) 
such as serum creatinine levels may have a 24- to 48-h time lag to institute corrective measures. 
In the case of advanced HF and low CO states there may be hemodynamic consequences that 
lead to hypoperfusion of the kidney tissue. AKI is an effective marker of advanced HF and its 
presence has been linked to worse prognosis. The use of RAASi that increase creatinine values 
may mask the utilization of serum creatinine as a biomarker of disease. Therefore, the clinician 
should use other tools to interpret how much increase in the serum creatinine is caused by  
the RAASi or by disease progression. The availability of biomarkers of tubular injury, such  
as neutrophil gelatinase-associated lipocalin [53], and the combination of tissue inhibitor  
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of metalloproteinase-2 and insulin-like growth factor-binding protein 7 (NephrocheckTM) 
represent valuable tools in affording early detection of intrinsic tubular injury and are able to 
predict progression to overt AKI with very high sensitivity [54]. These urine biomarkers also 
have strong negative predictive value during AKI, which would allow escalation of RAASi doses 
during acute HF despite small fluctuations in serum creatinine levels.

Ahmad et al. [35] showed that biomarkers of tubular injury did not correlate with wors-
ening kidney function as measured with markers of GFR such as serum cystatin C and serum 
creatinine in patients undergoing high-dose loop diuretic-based decongestion in an analysis 
of the Renal Optimization Strategies Evaluation in Acute Heart Failure (ROSE-HF) trial. On 
similar lines, a post-hoc analysis of the CARRESS-HF trial compared biomarkers of renal 
tubular injury between the arms of stepped-up diuretic therapy and ultrafiltration in subjects 
with type 1 cardiorenal syndrome [55]. In this analysis, while biomarkers of tubular injury 
correlated strongly with worsening renal function after randomization into the CARRESS-HF 
trial (OR: 12.6; p = 0.004), increase in renal tubular injury biomarkers was associated with a 
higher incidence of hemoconcentration (OR: 3.1; p = 0.015) and, paradoxically, better recovery 
of creatinine at 60 days (p = 0.01). No differences were noted in levels of tubular injury 
biomarkers between the stepped-up diuretic arm and the ultrafiltration arm. Hence, fluctua-
tions in the markers of GFR with current clinically available biomarkers (i.e., serum creat-
inine) in the context of aggressive diuresis in HF may have different prognostic value when 
compared to other scenarios of AKI such as sepsis or drug-induced nephrotoxicity [5]. Incor-
poration of the clinical use of biomarkers of tubular injury may afford the opportunity to 

Fig. 6. Central illustration summarizing the key points in the setting of initiation, maintenance, and discon-
tinuation of RAASi in acute HF. a RAAS and natriuretic peptide pathways work simultaneously to activate 
natriuresis as well as water and sodium retention. b In the setting of acute HF the clinician had two routes to 
alleviate congestion: diuresis/ultrafiltration or GDMT. c When using RAASi in HF there are three scenarios: 
initiation and maintenance, reduction, or cessation. d Key points to consider before cessation. * Biomarkers 
that are commercially available for clinical use.
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initiate and up-titrate RAASi in the context of acute HF without concern of causing intrinsic 
renal injury, thus providing the benefit of RAASi during an episode of acute HF to reduce the 
deleterious impact of unabated RAAS activation and minimize HF-related hospitalizations. A 
practical approach to considerations when initiating, maintaining, or reducing RAASi in the 
setting of acute HF is summarized in Figure 6.

Conclusions

There is strong evidence supporting the benefits of RAASi in the setting of acute HF with 
respect to reduction in mortality, readmission, and rehospitalization. Premature discontinu-
ation of such therapies based on anticipated risk of hemodynamic and renal complications 
may be causing the HF population to lose the advantages of RAAS inactivation. Azotemia 
alone in the absence of hemodynamic deterioration or severe hyperkalemia does not appear 
to be an appropriate trigger for RAASi withdrawal. Data from our review are congruous in the 
finding that RAASi withdrawal is associated with harm. In contradistinction, the continuation 
of MRA during acute HF was not consistently associated with benefit. Future randomized 
clinical trials addressing the question of titration of RAASi in patients with HF and kidney 
disease will help elucidate the best clinical practice strategy to deliver optimal RAASi in 
patients with HF, thereby reducing its deleterious consequences.
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