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Clinical Investigations

Utilization Pattern of Mineralocorticoid Receptor Antagonists in
Contemporary Patients Hospitalized With Acute Decompensated
Heart Failure: A Single-Center Experience
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ABSTRACT

Background: Recent studies have broadened the potential use of mineralocorticoid receptor antagonist
(MRA) in patients with systolic heart failure after cardiovascular hospitalization. Real-world data on
safety and tolerability of MRA initiation during hospitalization for acute decompensated heart failure
(ADHF) are lacking. We examined the patterns of utilization of MRAs in patients admitted for ADHF
in contemporary clinical practice.

Methods and Results: We reviewed consecutive hospitalized patients admitted with a primary diagnosis
of ADHF from March to June 2011. The treatment patterns of MRA use or discontinuation before, during,
and after hospitalization were reviewed and analyzed retrospectively. In the study cohort of 500 patients,
106 patients (21%) were on MRAs before admission. During hospitalization, preadmission and newly
started MRAs were discontinued in 64 out of 177 (36%), with worsening renal function being the most
common identifiable reason. In a multivariate analysis, high admission creatinine was the only significant
predictor of MRA discontinuation during hospitalization (P = .01). Of the 394 patients who did not
receive MRA before admission, 81 were eligible for MRAs, but only 17 (21%) were initiated. After a
median follow up of 57 days, 21 additional patients discontinued MRAs; of 72 eligible patients for
MRA, 55 patients (76%) were still appropriately taking it.

Conclusions: Despite recent data, MRAs are still underutilized in patients admitted with ADHF who are
otherwise eligible for it. Elevated serum creatinine and worsening of renal function are the most common
cause of in-hospital discontinuation, which highlights the importance of meticulous follow-up after MRA
initiation. (J Cardiac Fail 2014;20:229—235)
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Beneficial effects of mineralocorticoid receptor antago-
nists (MRAs) on morbidity and mortality have consis-
tently been demonstrated in patients with systolic HF and
advanced symptoms,' with postinfarction systolic dysfunc-
tion,” and most recently with systolic HF and mild symp-
toms.” These benefits are now translating into clinical
practice, yet there are ongoing concerns and challenges
regarding drug-related adverse effects, especially related to

hyperkalemia and renal insufficiency. Indeed, observational
data showed a temporal relationship between increased pre-
scription rate of spironolactone and hyperkalemia-related
hospitalizations.” Patients with HF receiving MRAs are
also more vulnerable to complications in the setting of unset-
tling intravascular volume and electrolyte shifts which are
commonly encountered in the acute decompensated setting.
Therefore, only one-third of potentially eligible patients
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may be receiving MRAs at the time of discharge from HF
hospitalization from the latest reports.’

With increasing recognition regarding the importance in
initiation and up-titration of guideline-recommended drug
therapy, in-hospital initiation of angiotensin-converting
enzyme (ACE) inhibitors/angiotensin receptor blockers
(ARBs) and beta-blockers has been strongly recommended
by the latest clinical guidelines in patients stabilized from
their acute exacerbations before their discharge from the
hospital.() However, in-hospital initiation of MRAs is less
well established, and there are limited real-world data
on safety and tolerability of MRA maintenance and/or de
novo initiation during hospitalization for acute decompen-
sated heart failure (ADHF). This may be particularly rele-
vant after the recent demonstration of their broad clinical
benefits in the EMPHASIS-HF trial (Eplerenone in Mild
Patients Hospitalization and Survival Study in Heart
Failure) with the occurrence of cardiovascular hospitaliza-
tion being an inclusion criterion.” The objective of the pre-
sent study was to determine the prevalence and safety of
MRA initiation for potentially eligible patients admitted
with ADHF

Methods
Study Population

This was a retrospective study from a tertiary referral center that
was performed in compliance with the Declaration of Helsinski
and approved by our Institutional Review Board. We identified
consecutive patients admitted to a cardiology service with
ADHF from March to June of 2011, after the publication of
EMPHASIS-HF. The cohort was identified via computerized
search of electronic medical records (Epiccare; Epic Systems,
Madison, Wisconsin) as primary admission diagnosis of acute
systolic and/or diastolic HF by their treating physicians. Patients
who developed new-onset HF or HF after cardiac surgery were
excluded. Also, patients without reported left ventricular ejec-
tion fraction (LVEF) in precise measurements owing to poor
image quality were excluded. Eligibility for MRA therapy was
defined as patients with LVEF =30%, admission potassium
level =5.0 mEqg/L, and estimated glomerular filtration rate
(eGFR) =30 mL/min/1.73 m~2, largely based on the major
inclusion criteria of EMPHASIS-HF.”

Clinical Data

We collected demographic information (age, sex, and weight),
comorbidities, home medications, standard laboratory data
(including B-type natriuretic peptide, serum glucose, sodium, potas-
sium, blood urea nitrogen [BUN], and creatinine) at admission,
discharge, and follow-up. ADHF was defined as sudden onset of
clinical signs and symptoms of HF requiring hospitalization. Hyper-
tension was defined as systolic blood pressure =140 mm Hg or dia-
stolic blood pressure =90 mm Hg at the time of outpatient clinical
encounter(s), self-reported history of a diagnosis of hypertension,
or the use of antihypertensive medications. Diabetes mellitus was
defined as fasting glucose =126 mg/dL at the time of outpatient
encounter, self-reported history of a diagnosis of diabetes mellitus,
or the use of hypoglycemic medications. Chronic kidney disease
was defined as eGFR <60 mL min~' 1.73 m~? according to the

Modification of Diet in Renal Disease formula. We arbitrarily
defined worsening renal function and hyperkalemia as cause of
MRA discontinuation as serum creatinine of >2 mg/dl and serum
potassium >5.5 mEq/L at the time of discontinuation, respec-
tively. Coronary artery disease was defined by at least moderate
(>50%) luminal obstruction on previous diagnostic angiogram,
self-reported history of coronary artery disease, and/or past percuta-
neous or surgical revascularization. Detailed chart review was
performed to extrapolate treatment plans of MRA during hospitali-
zation and after discharge by a single extractor, including new
initiation and discontinuation (and their causes). In patients with
clear documentation for discontinuation reason, such reason was
taken into consideration. In patients with lack of documentation,
careful chart review at the time of discontinuation was made
with arbitrary cutoff points for worsening renal function and hyper-
kalemia made (serum creatinine of >2 mg/dl and serum potassium
>5.5 mEql/L).

Statistical Analysis

Descriptive statistics in the tables are presented as means and
standard deviations for continuous variables, and as proportions
for categorical variables. Comparisons were made by means of un-
paired or paired 7 test for continuous variables when appropriate,
and Fisher exact test or chi-square test for categorical variables.
A stepwise nominal logistic regression model was constructed to
predict MRA discontinuation. We used a nominal logistic regres-
sion model, with clinical parameters including age, sex, serum
potassium and creatinine on admission, and history of treatment
with thiazide or thiazide-like diuretic. All analysis was performed
using JMP software (version 9.0.0; SAS Institute, Cary, North
Carolina). A 2-sided P value of =.05 was considered statistically
significant.

Results

Baseline Characteristics

Figure | depicts a flow diagram of the total patient cohort
(n = 500) stratified according to those with or without
MRAs before admission. Approximately 1 in 5 (106 pa-
tients, 21%) were receiving MRAs at the time of admission
(91% spironolactone, 9% eplerenone). Ninety-six patients
(19% of total patient cohort) were on spironolactone,
whereas 10 (0.2% of total patient cohort) were on eplere-
none. The mean doses of spironolactone and eplerenone
were 35 mg and 26 mg, respectively. Baseline characteris-
tics of the study population are presented in Table 1.
Compared with those not on MRAs before admission,
patients on MRAs before admission were more likely to
be younger and less likely to have hypertension and hyper-
lipidemia, but as likely to have coronary artery disease or
chronic kidney disease (even though with lower serum
creatinine and sodium). More patients with underlying sys-
tolic dysfunction (LVEF =40%) were on MRAs before
admission. In addition, patients with MRA before admis-
sion were more likely to have left ventricular dysfunction
and biventricular pacemaker device therapy than those not
on MRA before admission (P < .0001). Both groups
showed no difference in ACE inhibitors, ARBs, and beta-
blocker utilization at the time of admission, yet those on
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Fig. 1. Utilization pattern of mineralocorticoid receptor antagonists (MRAs) in hospitalized patients with acute decompensated heart

failure.

MRAs were more likely to be treated with digoxin, thia-
zide, or thiazide-like diuretic than those not on MRAs at
admission.

MRA Continuation/Discontinuation During Admission

Sixty-eight patients (65%) were able to continue on their
MRA during admission, whereas 38 (36%) had to discon-
tinue MRA. Figure 2 presents the reasons for discontinua-
tion of MRAs during admission. The most common
documented causes were worsening renal function (50%)
and hyperkalemia (15%), although it was difficult to iden-
tify a cause for discontinuation in 25% of the cases. Only
one-third of those who discontinued MRA were able to
restart after stabilization during ADHF hospitalization.
Table 2 compares patients where MRAs were discontinued
with those where MRAs were maintained. Among 64 pa-
tients in whom MRAs were discontinued, predictors for
discontinuation included high baseline BUN and creatinine
(P = .0009) as well as coadministration of thiazide or
thiazide-like diuretic (P = .03). After multivariate analysis,
high baseline creatinine was the only significant predictor
of MRA discontinuation during hospitalization (P = .01;
Table 3).

MRA Initiation During Admission and Maintenance
After Discharge

During ADHF hospitalization, 71 out of 394 patients
(18%) were initiated on MRAs (69 spironolactone, and 2
eplerenone). Among the 140 patients who were not on
MRAs at the time of admission, there were 81 patients
(58%) who were on optimal therapy including ACE inhib-
itors/ARBs and beta-blockers for whom EMPASIS-HF

criteria were met, and in this cohort MRAs were initiated
in only 17 patients (21%). In those with MRA initiated dur-
ing ADHF hospitalization, 45 patients (63%) continued
with their MRA on discharge, whereas the remaining 26 pa-
tients (37%) did not tolerate initiation and had their MRA
discontinued (Fig. 1). Worsening renal function accounted
for 35% of the reason for discontinuation. Successful re-
challenge of previously discontinued MRA occurred in 19
out of 64 patients (30%) primarily after stabilization, and
2 had MRAs restarted on discharge. At the time of
discharge, a total of 134 patients (27%) were on MRAs.
However, within a median duration of 57 days (interquartile
range 31—82 days) after discharge, 21 out of 134 patients
(14%) had their MRAs discontinued (Fig. 1).

Discussion

The key finding of this study is that with careful moni-
toring and post-discharge management, a large majority
of patients were able to either maintain or tolerate their
initiation of MRAs at the time of ADHF hospitalization,
even though up to one-third of patients already on MRAs
had to discontinue either transiently during decongestion
therapy or permanently. Renal impairment remains one of
the most common issues challenging the broad adoption
of MRA initiation and continuation in hospitalized but
potentially eligible patients with HF. These observations
further highlight the potential adverse events and dangers
of initiating MRAs without proper follow-up, and the
need to explore safer and effective strategies to minimize
discontinuation and maximize tolerability during in-
hospital initiation. These findings underscore the need for
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Table 1. Baseline Characteristics

Parameter Total (n = 500) Not on MRA (n = 394) On MRA (n = 106) P Value
Age, y 68.7 £ 73.7 71 =13 62 = 14 <.001
Male sex, % 319 (64%) 63% 67% 5
Weight (1b) 198 £ 55 199 + 54 198 *= 60 9
LVEF =40% 286 (58%) 208 (54%) 78 (16%) <.0001
LVEF, % 37 17 40 * 16 30 £ 17 <.0001
Medical history, n (%)
Coronary artery disease 290 (58%) 233 (59%) 57 (54%) 3
Diabetes mellitus 231 (46%) 191 (48%) 40 (38%) .06
Hypertension 399 (80%) 329 (83%) 70 (66%) .0002
Chronic kidney disease 203 (41%) 162 (41%) 41 (39%) v
Atrial fibrillation 222 (44%) 169 (43%) 53 (50%) 2
Hyperlipidemia 331 (66%) 274 (70%) 57 (54%) .004
Medications, n (%)
ACE inhibitor/ARB 238 (48%) 56% 62% 3
Beta-blockers 371 (74%) 88% 81% .09
Thiazide diuretics 78 (16%) 15% 27% .01
Loop diuretics 371 (74%) 95% 99% .1
Digoxin 75 (15%) 12% 34% .0001
Potassium 156 (31%) 57% 67% 2
Device therapy, n (%)
CRT-D 75 (15%) 8% 41% .0001
CRT only 43 (9%) 17% 46% .0001
ICD only 49 (10%) 16% 58% .0001
Laboratory values
Glucose (mg/dL) 132 = 66 134 = 71 121 = 45 1
Sodium (mmol/L) 138 = 4 138 = 4 136 £ 5 .0001
Potassium (mmol/L) 43 =09 43 = 0.9 42 *+ 0.7 2
BUN (mg/dL) 35+22 36 =22 33 £20 4
Creatinine (mg/dL) 1.6 =1 1.6 = 1 1.4 +0.5 .03
BNP (pg/mL) 1,024 = 989 1,016 = 983 1,054 + 1,021 .8

MRA, mineralocorticoid receptor antagonist; LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate; CKD, chronic kidney
disease; ACE, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CRT-D, cardiac resynchronization therapy with a defibrillator;
CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; BUN, blood urea nitrogen; BNP, B-type natriuretic peptide.

Values are presented as n (%), mean = SD, or %.

carefully establishing transitional care pathways and testing
their comparative effectiveness to maximize the benefits of
these life-saving medications at the encounter point of
ADHF.

With the broad endorsement of MRAs in the latest guide-
line recommendations,”’ a larger proportion of patients with
symptomatic systolic HF will be prescribed with MRAs. It is
not uncommon to maintain other neurohormonal antagonists

4 16
2 5%

hyperkalemia renal failure hypotension Unknown causes

|El MRA newly started O Already on MRA

Fig. 2. Reason for discontinuation of mineralocorticoid receptor
antagonist (MRA).

at home dosages during an ADHF hospitalization if
patients are hemodynamically stable, and when initial
decongestive therapy is tolerated with effective diuresis
and without renal compromise.’ In the present series, it
is reassuring to observe that a substantial proportion of
subjects were able to maintain MRAs during aggressive
diuresis in the setting of ADHF treatment without the need
for discontinuation. For those that required discontinuation
(up to one-third of patients in our experience), renal impair-
ment was the primary reason, even though a subset of them
were able to resume or reinitiate their MRA before or at the
time of discharge. Whether or not withholding MRAs in
the setting of transient rise in serum creatinine is necessary
in this setting may still warrant further investigation, because
the concept of adverse contribution of rising creatinine to
long-term outcomes continues to evolve and may not be as
detrimental as previously thought.” Nevertheless, our find-
ings highlight the need for judicious monitoring of renal
function in those maintaining MRAs during decongestive
therapy.

Several observational studies in the pre—EMPHASIS-
HF era revealed underutilization of MRAs in potentially
eligible patients. In an observational study of patients
in the Get With the Guidelines—Heart Failure program,
more than two-thirds of potentially eligible patients
were not started on MRAs when admitted with ADHE.”
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Table 2. Comparison of Mineralocorticoid Receptor Antagonist Continuation Versus Discontinuation
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Newly Started MRA (n = 71)

Already on MRA (n = 106)

All Subjects on MRA (n = 177)

P P

Variable Discontinued Continued P Value Discontinued Continued Value Discontinued Continued Value
n 26 45 38 68 64 113
Age (y) 67.6 = 14 64 + 13.7 3 61.7 £ 137 618 =15 1.0 64 * 14 63 £ 145 5
Male sex (%) 73 73.3 1.0 53 75 .03 61 74 .09
Coronary artery disease (%) 73 60 3 45 59 2 56 59 75
Diabetes mellitus (%) 50 44 .4 .8 34.2 40 v 40.6 41.6 1
Hypertension (%) 77 75.6 1.0 65.8 66.2 1.0 70 70 1
CKD (%) 31 18 2 37 40 8 344 31 74
LVEF (%) 32 £ 16 32 = 16 1.0 29 + 17 31 £165 .5 30 = 17 31 £ 16 5
CRT 15.3 17.8 1.0 60.5 38.2 .04 422 30 14
ICD 15.4 24.4 5 63.2 55.9 .5 43.7 43.4 1
Glucose on admission, mg/dL 122 = 45 132 = 77 5 114 = 38 125 = 48 2 118 = 41 128 = 61 2
Glucose on discharge, mg/dL 101 = 25 102 = 19.5 9 106 * 32 110 = 37 .5 104 = 29 107 = 30 .5
Sodium on admission, mmol/l 138 = 3.7 137 £ 5 5 135 £ 5 137 £ 4 2 136 £ 5 137 = 4 5
Sodium on discharge, mmol/L 136 = 3.5 137 = 4.7 2 136 = 5 135 =3 8 136 £ 5 136 = 4 5
Potassium on admission, mmol/L 43 + 1 44 + 1.1 7 43 + 0.9 42 = 0.7 5 43 + 1 42 +0.9 .85
Potassium on discharge, mmol/l 4+05 41405 .6 44 + 0.9 42 +04 1 43 + 0.8 4.16 = 0.5 3
BUN on admission, mg/dL 338 = 20 30+ 15 3 42 + 25 29 = 14 .0007 39 =24 29 = 14 .0009
BUN on discharge, mg/dL 38 £24 284 x15.7 .04 40 = 32 30 £ 15 .035 39 + 29 29 + 15 .0033
Creatinine on admission, mg/dL 1405 122*x03 1 1.6 = 0.7 1.3 £ 039 .004 1.5 0.6 1.25 £ 0.3 .0009
Creatinine on discharge, mg/dL 147 £ 0.7 1.24 = 0.37 .06 1.6 = 0.9 1.3 04 .026 1.5 *+0.8 127 £ 04 .0035
BNP on admission, pg/mL 971 =980 973 = 1000 1.0 1280 = 1192 917 = 888 .15 1156 = 1111 943 =935 .25
ACE inhibitor /ARB 73 80 .6 71 62 4 72 69 7
Beta-blocker 88.5 93.3 48 86.8 79.4 4 87.5 85 .8
Loop diuretics 100 97.8 3 97.3 100 4 98.4 99 1
Thiazide diuretics 34.6 13.3 .037 44.7 31 2 41 24 .03
Digoxin 27 37.8 .35 37 41 i 33 40 4

Abbreviations as in Table 1.

In those without MRAs at the time of admission, only 1
out of 4 patients received MRAs at the time of discharge.”
These observations corroborate our findings. Several
studies have suggested that in-patient initiation of MRAs
may improve post-discharge outcomes. Recently, in the
OPTIMIZE-HF registry, the use of MRA significantly low-
ered 60-day (P = .04) and 1-year post-discharge mortality
(P = .006) after adjustment for other therapies.'’ These
results were also demonstrated in a Japanese prospective
study which showed that among 946 patients with
ADHEF, spironolactone use (46%) at the time of discharge
was associated with a reduced risk of all-cause death
(adjusted hazard ratio 0.61; P = .02) and cardiac death
(adjusted hazard ratio 0.52; P = .013). Interestingly, renal

Table 3. Multivariate Analysis of Factors Associated With
Mineralocorticoid Receptor Antagonist Discontinuation in
ADHF Patients

Variable Adjusted OR (95% CI) P Value
Age 1 (0.98—1.03) .8
Male sex 0.6 (0.3—1.2) .14
Thiazide or thiazide-like diuretic 1.7 (0.8—3.6) .13
Potassium on admission 1(0.7—-1.5) .76
Creatinine on admission 2.6 (1.3—5.6) .0084

OR, odds ratio; CI, confidence interval.

Findings were obtained with the use of multivariate logistic regression
modeling and were further adjusted for age, sex, concomitant use of
thiazide or thiazide-like diuretic, and serum potassium and creatinine on
admission.

dysfunction was observed more in the group with no
spironolactone. "’

Meanwhile, it is not surprising that most patients in our
series received MRA initiation later in their hospital admis-
sion, which is the same way that we introduce other neuro-
hormonal antagonists during the hospital stay. However,
this may also be a time when patients may be more likely
to experience intravascular volume depletion that may
precipitate hyperkalemia or worsening renal function. To
demonstrate the importance of timing of initiation, a recent
prospective study examined an add-on up-front spironolac-
tone strategy during standard ADHF. Compared with stan-
dard therapy, additional 50—100 mg/d spironolactone at
day 1 was associated with greater likelihood of converting
from intravenous to oral loop diuretics, having lower
natriuretic peptide levels, and less likelihood of experi-
encing worsening renal function (defined by rise in serum
creatinine =0.3 mg/dL) at day 3.'” Taking these findings
together, further investigations should focus on not only
the appropriateness, but also the appropriate timing of
combinational diuretic strategy with up-front MRA admin-
istration during hospitalization for ADHF.

The most feared side-effect is hyperkalemia and the
chance of it happening increases when renal function
deteriorates. Because a significant group of HF patients
may have coexistent renal insufficiency and because almost
one-third of patients with ADHF may experience a rise
in serum creatinine during aggressive diuresis,'” it follows
that renal dysfunction is the most important reason for
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MRA discontinuation. In the present cohort, we observed
that 1 out of 3 patients initiated on MRAs during ADHF
hospitalization required temporary withholding of the
drug because of intolerance or adverse consequences,
even though some may ultimately overcome on rechal-
lenge. Interestingly, there is growing evidence that early
rise in creatinine following either ACE inhibitor or ARB
initiation did not affect the overall benefit of these drugs
in the chronic setting,'>'* implying that inability to tolerate
MRAs because of worsening renal function should not
be deemed as ultimate drug intolerance. In fact, a reanalysis
of the RALES data suggested that the greatest benefit
appeared to be in those with reduced eGFR.' Furthermore,
although worsening renal function was associated with
a negative prognosis compared with those not experi-
encing worsening renal function, the overall mortality
benefit of MRAs was maintained.'” Such findings were
also confirmed in EMPHASIS-HF, where subgroups who
developed hyperkalemia or worsening renal function ap-
peared to benefit from MRAs. 16 On the other hand, studies
have shown that aggressive diuresis as in the case of ADHF
may lead to secondary hyperaldosteronism, which might
justify adding MRAs to these patients as a further neurohor-
monal blocking agent.'” Comparative effectiveness studies
on how to best titrate MRAs during hospitalization will
have a major impact on guiding management strategies in
this area.

Study Limitations

Despite its retrospective nature, the contemporary review
of our study cohort in the post—EMPHASIS-HF era pro-
vided details about the reasons for discontinuation of
MRAs from individual patient chart review, and it is diffi-
cult to ascertain the precise home medications and dosages
immediately before admission. Because EMPHASIS-HF
was published in late 2010, it is possible that examining
MRA use 4—6 months later may not provide enough time
for its data to be translated into clinical practice. Further-
more, it is important to highlight that our experiences
pertain only to the tertiary care center where the study
data was collected, and one has to be extremely cautious
in making broad assertions or recommendations based
on this experience for the overall ADHF population which
may be followed and cared for in a different manner.
Nevertheless, the reason for discontinuation remains un-
known or undocumented in only one-fourth of patients.
The described treatment pattern reflects the behavior of
a single center and can likely not be generalized, and fac-
tors that influence MRA use (or withholding) may not be
accounted for.

Conclusion

In our real-world experience, MRAs are still underutil-
ized, with only a subset of potentially eligible subjects
receiving them at the time of discharge after hospitalization

for ADHF. In addition, MRAs are frequently discontinued
mainly as a consequence of worsening renal function,
even though rechallenge after stabilization is feasible.
Further investigations on how to best initiate and/or main-
tain MRAs during hospitalization for ADHF are warranted.
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