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ARTICLE INFO ABSTRACT

Background/objectives: Mineralocorticoid receptor antagonist (MRA) use in acutely decompensated chronic heart
failure (ADCHF) may improve congestion through diuretic effect and prevent neurohormonal activation. We
aimed to evaluate the clinical effect and safety of spironolactone in ADCHF.

Methods: Prospective, experimental, single-center, and single-blinded trial. Patients were treated with: standard
ADCHF therapy or oral spironolactone 50-100 mg/d plus standard ADCHF therapy.

Results: During a 1 year period, 100 patients were enrolled, 50 included in the treatment group. Mean (SD)
spironolactone dose (mg) at day 1 was 94.5 4+ 23.3 and at day 3 was 62.7 4+ 24.3. Worsening renal function (in-
crease in pCr > 0.3 mg/dL from day 1 to day 3) was more likely to occur in control group (20% vs. 4%; p = 0.038),
serum potassium did not differ between groups, and plasma NTproBNP had a significant decrease in
spironolactone group at day 3 (median [IQR], 2488 [4579] vs. 1555 [1832]; p = 0.05). Furthermore, a greater
proportion of patients in the treatment group were free of congestion at day 3: less edema, rales, jugular venous
pressure (JVP) and orthopnea (all, p < 0.05). In addition, a significantly higher proportion of patients were on
oral furosemide at day 3 (44% vs. 82%; p < 0.001).

Conclusions: Our study supports the safety of high dose spironolactone in ADCHF and suggests a positive impact
in the resolution of congestion. The important findings of our pilot study need to be confirmed in larger trials.
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1. Introduction

The recognition of the importance of chronic neurohormonal activa-
tion in heart failure (HF) pathophysiology was crucial to the development
of new therapies beyond diuretics and digoxin. Pharmacological inhibi-
tion of renin-angiotensin-aldosterone system (RAAS) had a remarkable
impact on morbidity and mortality of HF patients [1]. Likewise, mineralo-
corticoid receptor antagonists (MRAs) showed to be effective in reducing
hospitalizations and mortality in systolic HF [2,3].

The natural history of HF is characterized by recurrent episodes of
acute HF (AHF). AHF defines a new onset HF or acutely decompensated
chronic HF (ADCHF). Patients present with signs and symptoms needing
urgent therapy [4]. Despite the prominent therapeutic advances in ambu-
latory HF patient, little progress has been made in the improvement of
ADCHF patient treatment [5].

Aldosterone levels are elevated in patients with ADCHF despite the
use of angiotensin-converting enzyme inhibitors (ACEi), angiotensin re-
ceptor blockers (ARB), and beta-blockers (BB) [6]. In this setting, aldoste-
rone elevation may contribute to cardiorenal dysfunction, increasing the
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risk of death and ventricular arrhythmias [6-8]. Therefore, MRA use
in ADCHF treatment has two major putative advantages: improve
congestion and hypervolemia through its diuretic effect and prevent
the neurohormonal activation that characterizes ADCHF, and that is en-
hanced by loop diuretics [5,9,10].

The impact of MRAs in ADCHF patients has not been well-studied.
We aimed to evaluate the short-term clinical effect and safety of the
MRA antagonist spironolactone in worsening chronic HF patients.

2. Methods
2.1. Study design

Prospective, experimental, single-center, and single-blinded trial
conducted in a Portuguese tertiary hospital enrolling participants between
February 2012 and February 2013.

2.2. Study participants

Patients were eligible for enrollment if they presented with decom-
pensation of chronic HF with symptoms leading to hospitalization. HF
was diagnosed on the basis of the presence of history of chronic heart fail-
ure and at least one symptom (dyspnea, orthopnea, or edema) and one
sign (rales, peripheral edema, ascites, or pulmonary vascular congestion
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on chest radiography). Exclusion criteria were: chronic use of MRAs,
cardiac surgery within 60 days of enrollment, cardiac mechanical
support, cardiac resynchronization-therapy within the last 60 days, co-
morbid conditions with an expected survival of less than 6 months,
acute myocardial infarction at time of hospitalization, hemodynamically
significant uncorrected primary cardiac valvular disease, patients requir-
ing intravenous vasodilators or inotropic agents, supine systolic arterial
blood pressure <90 mmHg, serum creatinine level >1.5 mg/dL, serum
potassium level >5.0 mmol/L, hemoglobin level <9 g/dL, and sepsis.

Institutional review board or ethics committee approval was
obtained. All patients provided written informed consent to participate
in the study.

2.3. Treatment assignments

Patients were non-randomly assigned in a sequential 1:1 ratio to the
intervention or standard treatment. Chief investigator was responsible
to assess the eligibility criteria and to allocate the intervention after
being contacted by the patient assistant physician. Patients were
blinded to the intervention allocation. Assistant physicians were not
blinded to intervention allocation. Assistant physicians were Attending
Physicians or Fellows of Internal Medicine or Cardiology depending on
the ward where each patient was admitted. The assistant physicians
evaluated the clinical signs and symptoms and registered their
evaluation in the clinical diaries and then transcribed to our database
by the authors.

24. Trial Intervention

Patients were assigned to either oral spironolactone (minimum and
maximum initial dose of 50-100 mg/d, according to assistant physi-
cian) plus standard AHF therapy or standard AHF therapy alone.
Standard AHF therapy included intra-venous (i.v.) furosemide (bolus or
continuous infusion), digoxin, ACEi, ARB, nitrates, and/or non-invasive
ventilation (NIV), according to attending physician. At day 2, the attend-
ing physician had the option of adjusting spironolactone dose on the
basis of the clinical judgment and laboratory results. At this time, the
physician could decrease the dose by 50%, to a minimum of 50 mg/d, or
maintain the same strategy.

2.5. Study assessments

Patient's clinical status was prospectively recorded, by the assistant
physicians, according to previous defined parameters.

An assessment of biomarkers, including plasma creatinine (pCr),
ions, N-terminal pro-brain natriuretic peptide (NTproBNP), high
sensitivity troponin T (hsTnT) and microalbuminuria was performed
at a central core laboratory at admission day (day 1) and day 3. Clinical
assessment and routine analyses were performed daily during hospital
stay. All patients performed a transthoracic echocardiography within
72 h upon admission. Ejection fraction was calculated according to
biplane Simpson method.

2.6. End points

The primary end point was the proportion of patients who were free
of congestion at day 3 (defined as jugular venous pressure of <8 cm, no
orthopnea and no peripheral edema).

Two safety outcomes (pCr change between day 1 and day 3 plus
potassium change between day 1 and day 3) were considered.

Secondary end points included changes in: body weight; NTproBNP
levels; microalbuminuria; serum sodium; ionized calcium; serum
magnesium; hsTnT; urinary sodium, potassium, urea; and the propor-
tion of patients: taking oral furosemide at day 3; with increase in
pCr > 0.3 mg/dL from day 1 to day 3; and with hyper or hypokalemia
during the study period.

2.7. Statistical analysis

Comparison between groups was performed using parametric or non-
parametric tests, as appropriate. Continuous variables are expressed as
mean (standard deviation, SD) or median (inter-quartile range, IQR).
Categorical variables are expressed in absolute numbers (no.) and
proportions.

Association between different variables was tested by univariate
analysis.

Significant association was defined by a p value < 0.05.

Statistical analysis was performed using SPSS software (version 19,
Chicago, IL, USA).

3. Results

The pre-specified duration of the enrolment period was one year
and during that time we enrolled a total of 100 patients. Fifty patients
were allocated to the treatment group. Despite the study protocol
referred a range spironolactone dose of 50 to 100 mg/d, one patient
had 200 mg at day 1. The mean + (SD) spironolactone dose at day 1
was 94.5 £ 23.3 mg and at day 3 was 62.7 4 24.3 mg.

Baseline characteristics of patients in each of the treatment groups
are shown in Table 1. Patients in the control group were significantly
older (mean + (SD), 78.8 + 9.3 vs.73.2 + 11.7 years; p = 0.01). The
study groups were well balanced in most clinical characteristics,
namely: gender, ejection fraction, baseline HF medications (except for
beta-blockers, more common in control group — no. (%): 26 (52) vs.
10 (20); p = 0.001), comorbidities [11], and risk stratification for
in-hospital mortality [12,13]. All patients were in New York Heart
Association (NYHA) class IV upon admission.

Analyzed end-points are shown in Table 2. Patients in the treatment
group had a significant respiratory rate (cycles/minute) reduction at
day 3 (median [IQR], 20 [2] vs. 18 [3]; p < 0.001). No differences were
observed in weight reduction, heart rate and systolic blood pressure
(SBP). No patient developed hypotension (SBP < 90 mmHg).

A greater proportion of patients in the treatment group was free of
congestion at day 3: no edema (32% vs. 66%; p = 0.001), no rales
(24% vs. 66%; p < 0.001), jugular venous pressure (JVP) < 8 cm (90%
vs. 100%; p = 0.02) and no orthopnea (76% vs. 96%; p = 0.004). In
addition, a significantly higher proportion of patients were switched
to oral furosemide at day 3 (44% vs. 82%; p < 0.001) — Graph 1. Furose-
mide dose was not significantly different in patients who remained on
i.v. administration. ACEi and BB doses did not differ between study
groups.

Worsening renal function (increase in pCr > 0.3 mg/dL from day 1
to day 3) was more frequent in control group (20% vs. 4%; p = 0.038).

Indirect markers of glomerular damage were not significantly differ-
ent between groups, but the treatment group appeared to have less
glomerular damage after 3 days of treatment i.e. greater albuminuria
reduction (median [IQR], — 7.3 [45.8] vs. 10.1 [71.2]; p = 0.32), and
lower albuminuria ratio (median [IQR], 0.9[0.8] vs. 0.7 [0.7]; p = 0.19).

Fractional excretion of sodium (FENa) and urea (FEUr) did not differ
between groups, however urine sodium to potassium (UNa/K) ratio
significantly increased at day 3 in the spironolactone group (median
[IQR], 2.1 [3.1] vs. 4.0 [3.9]; p = 0.007).

Serum potassium (K*) levels did not differ significantly between
groups — Graph 2. No patients developed hyperkalemia (serum
potassium > 5.5 mmol/L). More patients in the control group devel-
oped hypokalemia (serum potassium < 3.5 mmol/L) but no significant
differences were found (26% vs. 14%; p = 0.13).

Plasma NTproBNP had a significant decrease in spironolactone
group at day 3 (median [IQR], 2488 [4579] vs. 1555 [1832]; p =
0.05) — Graph 3.

No significant differences were observed in hsTnT (median [IQR],
— 0.0005 [0.01] vs. 0.001 [0.01]; p = 0.57).
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