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Randomized controlled trials have demonstrated the ben-
efits of guideline-directed medical therapy in the outpa-
tient setting for treatment of chronic heart failure. How-
ever, the benefits of continuation (or discontinuation) of
major chronic heart failure therapies when treating acute
heart failure during hospitalization are less clear. Real
and anticipated worsening renal function, hyperkalemia
and hypotension are the three major reasons for dis-
continuation of renin-angiotensin-aldosterone system in-
hibitors during hospitalization, and a failure to resume
renin-angiotensin-aldosterone system inhibitors before dis-
charge could worsen cardiovascular outcomes. Available
data, mostly observational, shows that continuation or ini-
tiation of renin-angiotensin-aldosterone system inhibitors
appears efficacious, safe, and well tolerated in major-
ity of acute heart failure patients during hospitalization.
Worsening renal function portends poor prognosis only if
associated with congestion in acute heart failure, and clin-
icians should not de-escalate diuretic therapy routinely for
worsening renal function.
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1. Introduction

Pulmonary vascular congestion is the primary reason for hos-
pitalization of patients with acute heart failure (AHF) and is the
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key driver of adverse outcomes. Cardiorenal syndrome type I
(CRS1) is defined as worsening renal function (WRF) because
of AHF and occurs in about a third of the patients admitted with
AHF (Gottlieb et al., 2002). Optimal management of CRS1 is
critical since it is an independent predictor of in-hospital mortal-
ity (Damman et al., 2014). Inhibition of the renin-angiotensin-
aldosterone system (RAAS) along with diuresis to relieve con-
gestion is the cornerstone of the treatment of HF with reduced
ejection fraction (HFrEF). The medications used to inhibit the
RAAS include angiotensin-converting-enzyme inhibitors (ACEi),
angiotensin II receptor blockers (ARBs), mineralocorticoid recep-
tor antagonists (MRA), and ARB-neprilysin inhibitors. While the
safety and benefits of these medications and diuretics are well
characterized in patients with compensated HFrEF, data on the
benefits (or risks) of initiation, continuation, or discontinuation
of HF therapies in HFrEF patients when hospitalized with AHF,
especially in patients who develop CRS1, are limited. Clinicians
often discontinue HF therapies during hospitalization, especially
in patients with CRS1, in an effort to preserve renal function and
limit the extent of acute kidney injury (AKI). However, data sug-
gest that a lack of RAASi in AHF independently increases mor-
tality (Iglesias et al., 2019). Physiological benefits of RAASi and
neprilysin inhibitors in AHF are shown in Fig. 1. In this article, we
review the risks and benefits of continuation or discontinuation of
heart failure (HF) therapies in HFrEF patients admitted for AHF,
especially with CRS1.
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Figure 1. Physiological benefits of renin-angiotensin-aldosterone system inhibitors and neprilysin inhibitors in acute heart failure. RAAS;,

renin-angiotensin-aldosterone system inhibitors; AT1, angiotensin Il receptor type 1; ADH, antidiuretic hormone; NEPi, neprilysin inhibitors,

ANP, atrial natriuretic peptide; BNP, b-type natriuretic peptide or brain natriuretic peptide; CNP, ctype natriuretic peptide; PCWP, pulmonary

capillary wedge pressure.

2. Use of angiotensin-converting-enzyme in-
hibitors and angiotensin II receptor blockers in
acute heart failure
There is no randomized controlled trial (RCT) to our knowl-

edge that has investigated the initiation, continuation, or discon-

tinuation of ACEi/ARBs in HFrEF patients with AHF. However,
there are several observational reports in the form of retrospective
chart reviews and post hoc analyses of RCTs on this topic. We

have reviewed the major publications below and in Table 1.

In a retrospective chart review, Kane et al. (2017) found
ACEi/ARB dose reduction/discontinuation (r/d) in 17.2% of 174
African American patients with HFrEF admitted with AHF. Pa-
tients with ACEi/ARB dose r/d had a significantly greater median
length of stay (LOS) (5.5 vs 3.0 days) versus those without dose
r/d. The most common reasons for dose 1/d were AKI (56.7%), hy-
potension (23.3%) and hyperkalemia (10%). Interestingly, of the
patients who had ACEi/ARB dose 1/d because of AKI, 23.5% pa-
tients did not have a rise in creatinine level during hospitalization.
On reviewing the 16,052 patients in the Get With The Guideline-
Heart Failure (GWTG-HF) Registry data (Gilstrap et al., 2017),
discontinuation of ACE/ARB at discharge in HFrEF patients ad-
mitted for AHF was associated with a higher 30-day, 90-day and
1-year mortality compared with continuation of ACEi/ARB.

Several other observational studies have reported improved out-
comes with continuation of ACEi/ARB therapy in AHF. Sanam et
al. (2016) studied 1,384 hospitalized Medicare beneficiaries with
HFrEF (EF < 45%) and showed that continued use of ACEi/ARB
was associated with lower 30 day all-cause readmissions (hazard
ratio (HR) 0.74; 95% confidence interval (CI), 0.56-0.97) and 30-
day all-cause mortality (HR 0.56; 95% CI, 0.33-0.98), and that
both beneficial associations remained significant at one year post
discharge. A recent post hoc analysis of the REALITY-AHF trial
by Yoshioka et al. (2019) analyzed the effects of early (within 48

112

hours) initiation of ACEi/ARB in 900 patients who were not on
ACEi/ARB at admission. Compared to the no ACEi/ARB group,
the ACEi/ARB group had significantly higher event-free survival
at one year (HR 0.51; 95% CI, 0.32-0.82), and no significant dif-
ference was found for in-hospital mortality, WREF, or LOS between
the groups.

Although there are paucity of RCT results, observational data
suggest that the most common reason for discontinuation of
ACEi/ARB in patients with AHF is renal insufficiency; and that
HFrEF patients admitted with AHF have better outcomes with
continuation of ACEi/ARB therapy. However, observational anal-
yses can be fraught with bias, so these results should only be con-
sidered hypothesis generating. It is possible that withdrawal or
dose reduction in ACEi/ARB therapy identify a particularly at-risk
group of patients. Nevertheless, the above referenced data sug-
gest that whenever clinically appropriate, clinicians should con-
tinue ACEi/ARB therapy in HFrEF patients admitted with AHF.

3. Use of angiotensin-converting enzyme inhibitors
and angiotensin II receptor blockers in type 1
cardiorenal syndrome
Even though it remains unclear whether the benefits of con-

tinuation of ACEi/ARB therapy in AHF persist in patients who

develop CRS1, WREF is cited as the most common reason to dis-
continue or reduce ACEi/ARB therapy. A 2015 abstract published
in Circulation suggested that continuation of ACEi/ARB in AHF
with CRS1 is beneficial (Siddiqui et al., 2015). The authors found
that among patients hospitalized for HF at 106 U.S. hospitals (from

1998-2001) who developed AKI (N = 2180) during hospitalization

for CRS1, discharge prescription of ACEi or ARBs was associated

with significant reduction in 30-day and 12-month re-admission
and mortality rates. However, we need larger prospective trials to
clarify this.

Singhania et al.
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Gayat et al. (2018) studied the association between ACEi/ARB
and l-year mortality rate in 1,551 patients discharged from 21
European ICUs and found that in patients with AKI (N = 611,
39%), 1-year mortality rates were lower in patients treated with
ACEIi/ARB at ICU discharge (HR 0.55, 95% CI, 0.35-0.89). Note
that this was an AKI study and therefore did not study AHF or
CRS1. Regardless, it does suggest the importance of ACEi/ARB
at discharge even in those who developed AKI during hospital ad-
mission. Iglesias et al. (2019) retrospectively examined the effects
of ACEi/ARB usage and CRS1 development among elderly (aged
> 65 years) AHF patients and found that lack of ACEi/ARB us-
age and CRS1 were both independent predictors of increased in-
hospital mortality. However, this analysis was not designed to
study the effects of ACEi/ARB use specifically in CRSI.

Considering the paucity of clear results, clinicians will need
to continue individualized care in CRS1. It may be reasonable
to hold ACEi/ARB therapy in patients with CRS1 for bona fide
hemodynamic instability and significant hyperkalemia; however,
itremains unclear whether there is a threshold increase in azotemia
alone above which continuation of ACEi/ARB therapy would be
detrimental. The study by Edner et al. (2015) showed that in
HFrEF patients with creatinine clearance less than 30 mL/min, use
of RAAS inhibitors are associated with lower HR (0.76; 95% CI,
0.67-0.86) for mortality. Thus far, the data suggest continuation
of ACEi/ARB is beneficial.

4. Use of diuretics in type 1 cardiorenal syndrome

Use of diuretics to treat volume overload in patients with AHF
can be associated with WRF. Clinicians often face the dilemma
of whether to continue diuresis in patients with CRS1. A post
hoc analysis of the Evaluation Study of Congestive HF and Pul-
monary Artery Catheterization Effectiveness (ESCAPE) (Fudim
et al., 2018), a multicenter RCT, analyzed the association between
congestion/decongestion and WRF (creatinine increase of > 0.3
mg/dl) in 433 patients with HFrEF (ejection fraction (EF) < 30%),
and with at least one sign and one symptom of congestion. This
study showed that WRF in patients with resolved symptoms of
congestion at discharge did not increase the risk of 180-day all-
cause death, while inadequate decongestion and persistent (> 30
days) renal dysfunction was associated with increased risk of all-
cause death. The authors cautioned against use of WRF as a
routine justification for de-escalation of diuretic therapy. Aron-
son and Burger (2010) in an analysis of the Vasodilation in the
Management of Acute Congestive HF study showed that mortality
in patients with persistent WRF (serum creatinine > 0.5 mg/dL
above baseline at day 30) was higher (HR 3.2; 95% CI, 2.1-5.0) and
those with transient WRF (Serum creatinine < 0.5 mg/dL from
baseline at day 30) was similar (HR 0.8; 95% CI, 0.4-1.7) com-
pared to patients without WRF. Metra et al. (2012) also showed
that WRF leads to adverse outcomes only in patients with persis-
tent signs of congestion. In a post hoc analysis of the PROTECT
study (Placebo-Controlled Randomized Study of the Selective A1l
Adenosine Receptor Antagonist Rolofylline for Patients Hospital-
ized With AHF and Volume Overload to Assess Treatment Effect
on Congestion and Renal Function), Metra et al. (2018) showed
that worse outcomes with WRF were driven by patients with con-
gestion at the time of renal function assessment. The HR for WRF

Volume 20, Number 3, 2019

on 30-day death or heart failure hospitalization was 1.49 (95%
CI, 1.06-2.09) times higher in significantly congested compared
to nonsignificantly congested patients

Ahmad et al. (2018) analyzed data from the ROSE-AHF (Re-
nal Optimization Strategies Evaluation-AHF) trial and found that
WREF (defined as a > 20% decrease in glomerular filtration
rate estimated with cystatin C) in patients treated with aggres-
sive diuresis was not associated with tubular injury. This was
suggested by an absence of increase in the tubular injury mark-
ers: neutrophil gelatinase-associated lipocalin, N-acetyl-f-D-
glycosaminidase and kidney injury molecule 1. The study also
demonstrated that increases in tubular injury biomarkers were
paradoxically associated with improved survival (adjusted HR
0.80 per 10-percentile increase; 95% CI, 0.69-0.91). Authors hy-
pothesized that this increase in tubular biomarker could be in the
setting of aggressive diuresis in the patients with AHF and the
change is usually clinically benign.

Again, as with ACEi/ARB, there is no clear result from RCT's
indicating an optimal strategy for the use of diuretics in CRS1. The
observational studies in the form of post hoc analyses suggest that
worse outcomes with WRF may be a result of vascular congestion
and neurohumoral dysregulation, rather than WRF due to tradi-
tional causes. This could imply that clinicians should not routinely
de-escalate diuretic therapy for mild to moderate WRF alone.

5. Use of Mineralocorticoid Receptor Antagonist
in Acute Heart Failure

MRAs (spironolactone & eplerenone) have been well known
to reduce mortality, decrease readmissions and improve HF symp-
toms in patients with severe HFrEF (Pitt et al., 1999). Some studies
have shown the clinical benefit and safety of MRAs in hospital-
ized AHF patients, but this is not well defined. A single-center
prospective single-blinded study of 100 patients divided equally
between standard therapy (control) and treatment (standard ther-
apy plus 50-100 mg/day spironolactone) groups demonstrated that
a significantly greater proportion of patients in the treatment group
were congestion free, while WRF was more likely in the control
group (Ferreira et al., 2014).

A post hoc secondary analysis of the multicenter COACH (Co-
ordinating Study Evaluating Outcomes of Advising and Counsel-
ing in HF) trial involving 534 AHF patients showed that spirono-
lactone was prescribed to about 55% patients at discharge and that
spironolactone use was associated with a significant reduction in
30-day mortality and readmissions (HR 0.538; 95% CI, 0.299-
0.968; P = 0.039) (Maisel et al., 2014). Another study by Ham-
aguchi et al. (2010) in 946 AHF patients showed similar results;
46% were prescribed spironolactone at discharge and its use was
associated with significant reduction in all-cause (HR 0.619; 95%
CIL, 0.413-0.928) and cardiac death (HR 0.524; 95% CI, 0.315-
0.873) over the 2.2 years of follow-up. A study by Hernandez
et al. (2012) that used clinical registry data linked to Medicare
claims from 2005 to 2010 to study the association between MRA
therapy and mortality/readmission risk in 5,887 patients admitted
with HFrEF did not find a significant difference in cardiac mor-
tality. However, the 3-year HF readmission rate was lower among
patients on MRA therapy at discharge (HR, 0.87; 95% CI, 0.77-
0.98).
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The most common reasons for in-hospital discontinuation of
MRA appear to be related to the risks of hyperkalemia and WRE.
The previously referenced study by Hernandez et al. (2012) did
find higher rates of readmission associated with hyperkalemia
with aldosterone antagonist therapy at 30 days (HR 2.54; 95% CI,
1.51-4.29; P < .001) and 1 year (HR 1.50; 95% CI, 1.23-1.84; P <
.001). However, a study by Tromp et al. (2017) that analyzed data
from the Patients Hospitalized with AHF and Volume Overload
to Assess Treatment Effect on Congestion and Renal FuncTion
(PROTECT) trial found that high potassium levels at admission
or changes in potassium levels during hospitalization in patients
with HF was not associated with 180-day mortality.

A post hoc analysis from the Eplerenone Post-Acute My-
ocardial Infarction HF Efficacy and Survival Study (EPHESUS)
(Rossignol et al., 2012) evaluated the effect of eplerenone on re-
nal function and the interaction between changes in renal func-
tion and subsequent CV outcomes in 5,792 patients with AHF
after an acute myocardial infarction. The authors found that
eplerenone induced a moderately more frequent early decline in
estimated glomerular filtration rate (¢GFR; > 20% decline), how-
ever this eGFR decline did not affect eplerenone's clinical bene-
fit on CV outcomes. This trial evaluated early initiation of the
MRA eplerenone in patients with acute MI and AHF. Another
HF study (not AHF) similarly showed that WRF and hyperkalemia
were more frequent when eplerenone was added to optimal ther-
apy, but their occurrence did not eliminate the survival benefit of
eplerenone (Rossignol et al., 2014). Cooper et al. (2017) studied
clinical registry data linked to Medicare claims and found lower
odds of MRA use in HF patients (odds ratio, 0.66; 95% CI, 0.61-
0.71) when the serum creatinine was higher. Similar results were
seen in another single-center study (Chamsi-Pasha et al., 2014)
showing lower utilization of MRA in WRF.

These data suggest that clinicians indeed reduce MRA use in
patients with WRF and hyperkalemia; and that the risk of WRF
and hyperkalemia increases with MRA use, however this increased
risk does not seem to affect the benefits of MRAs. These and other
studies (Greene et al., 2019) indicate that it is generally safe to use
MRAs in AHF. However, it is not clear if there is a threshold eGFR
below which there is unacceptable risk or absence of benefit of us-
ing MRAs in AHF or CRS1. A retrospective study of a Korean HF
registry (Oh et al., 2015) demonstrated that spironolactone therapy
was not beneficial in AHF patients with severe renal dysfunction
defined as eGFR < 45 mL/min per 1.73 m?. Larger prospective
trials are needed to clarify this. Also, most of these studies did not
evaluate primary renal endpoints like doubling of serum creatinine
or time to initiation of renal replacement therapy.

6. Use of angiotensin II receptor blockers -
neprilysin inhibitor in acute heart failure
Neprilysin, also known as membrane metallo-endopeptidase, is

aneutral endopeptidase and its inhibition increases natriuretic pep-

tide bioavailability resulting in natriuretic and vasodilatatory ef-
fects. The beneficial effects of angiotensin II receptor blockers

- neprilysin inhibitor (ARNI or sacubitril/valsartan) were shown

in the Prospective Comparison of ARNI With an ACE Inhibitor

to Determine Impact on Global Mortality and Morbidity in HF

(PARADIGM-HF) double blind RCT (n = 8,442 patients) (Mc-
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murray et al., 2014). The study clearly showed the superiority of
ARNI over enalapril in reducing CV events (composite of mor-
tality from CV causes or hospitalization for HF, HR in the ARNI
group, 0.80; 95% ClI, 0.73-0.87; P < 0.001) in stable patients with
HFrEF. ARNI also reduced the risk of HF hospitalization by 21%
(P < 0.001). A further analysis of the PARADIGM-HF study (De-
sai et al., 2016) demonstrated that the rates of 30-day readmission
from any cause were significantly lower in patients who received
ARNI than enalapril alone (odds ratio: 0.74; 95% CI, 0.56 to 0.97;
P =0.031).

It is important to note that the PARADIGM-HF study enrolled
stable chronic HF patients and did not comment much on patients
with AHF or continuation/discontinuation of ARNI during hos-
pitalization. Due to limited RCTs studying use of ARNI in AHF
patients, there is some resistance to initiation of ARNI before or
at discharge in this group. A GWTG-HF registry analysis (Luo et
al., 2017) found that out of 21,078 patients hospitalized for HFrEF,
only 2.3% were discharged on ARNI. To address this issue, a dou-
ble blind RCT, Rationale and design of the comParlson Of sacu-
bitril/valsartaN versus Enalapril on Effect on nt-pRo-bnp in pa-
tients stabilized from an AHF episode (PIONEER-HF) was re-
cently published (Velazquez et al., 2018). It enrolled 881 patients
who were hospitalized for HFrEF in two arms (sacubitril/Valsartan
vs. enalapril alone) and assessed the safety, tolerability, and effi-
cacy of ARNI. The results showed that at 8-week follow up, the ini-
tiation of ARNI therapy led to a greater reduction in the N-terminal
pro-B-type natriuretic peptide concentration than enalapril ther-
apy. 13.6% of patients in the ARNI group experienced WRF vs.
14.7% in the Enalapril group, but this difference was not signifi-
cant. However, hyperkalemia was more common in ARNI group
(11.6%) compared to the Enalapril group (9.3%) though this dif-
ference was also not significant. Table 2 summarizes the above
mentioned studies showing the effects of MRA and ARNI in pa-
tients with AHF.

The EntrestoTM (LCZ696) In Advanced HF (HFN-LIFE
Study; ClinicalTrials.gov Identifier: NCT02816736) trial is cur-
rently enrolling all patients with symptomatic advanced HFrEF
(not specific to AHF) who are naive to ARNI and randomizing
to ARNI plus placebo vs. valsartan plus placebo. This study will
report mortality, readmission and tolerability in terms of blood
pressure, renal function and potassium level. We hope that the
growing body of evidence on the safety and efficacy of ARNI will
make providers more confident in initiating/continuing this medi-
cation as a standard therapy in hospitalized patients with AHF.

7. Conclusion

The lack of RCTs on initiation vs. continuation vs. discon-
tinuation of RAASi in AHF complicates clinical decision making
in patients with AHF. However, several studies have shown that
early initiation of RAASI is associated with significantly higher
event-free 1-year survival. Discharge prescription of RAASI is
associated with significant reduction in 30-day and 12-month re-
admission and mortality rates while the opposite is true when
RAASI were discontinued. Additionally, lack of RAASi usage
is an independent predictor of increased in-hospital mortality.
Despite these findings, RAASi are often withheld due to WREF,
hyperkalemia and hypotension and sometimes in anticipation of

Singhania et al.



the WRF. Most WRF in AHF seems to be a transient renal
hypoperfusion-related decline in eGFR. Available data show that
WREF leads to adverse outcomes only in patients with persistent
signs of congestion, suggesting that WRF should not be a routine
justification for de-escalation or discontinuation of therapy.

Hyperkalemia is a manageable problem that can be effectively
controlled with the novel potassium binders (Packham et al., 2015;
Weir et al., 2015). However, clinicians treat individual patients,
and in certain clinical settings, it may be reasonable to hold RAASi
therapy in patients with CRS1 for hemodynamic instability or hy-
perkalemia. In the treatment of AHF, withholding RAASi or di-
uretics for minor biochemical abnormalities may not be prudent
in the interest of the greater good of the patient. Although most
studies included in this review studied only HFrEF, some did not
clearly defined HF based on ejection fraction and this can be con-
sidered a limitation of this review. Further prospective random-
ized studies are warranted to clarify this.
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