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eart failure (HF) affects an estimated 5.1 mil-
lion individuals living in the United States. 
The occurrence of HF in patients older than 
65 is approximately 10 per 1000 individuals. 

In 2009, HF was responsible for more than 660,000 
ED visits and 270,000 deaths.1 Development of HF 
is strongly associated with various risk factors in-
cluding hypertension, coronary heart disease, smok-
ing, and chronic kidney disease.2 The total cost of 
HF is expected to rise to $70 billion by 2030 – an 
increase from the 2013 estimated total cost of $32 
billion.1   

Differentiating between systolic and diastolic 
HF is important because prognosis and management 
may depend on the underlying pathophysiology that 
is causing the symptoms. HF due to systolic dysfunc-
tion is characterized by a decrease in the myocardial 
contractility leading to reduced left ventricular ejec-
tion fraction (LVEF). Patients with HF due to dias-
tolic dysfunction typically have normal LVEF but 
myocardial relaxation is impaired causing incom-
plete filling of the heart. Evidence of left ventricular 
hypertrophy can be seen in patients with diastolic 
HF; however, the remolding process is much slower 
since the main causes of diastolic HF are hyperten-
sion and diabetes.3 Typically affecting the older pop-
ulation, an estimated 50% of HF patients older than 
70 years have preserved LVEF. As the population 
continues to age, diastolic HF may eventually be-
come the most common form of HF.4  

The introduction of aldosterone antagonists 

provided clinicians with another option in the man-
agement of HF. Currently, the two aldosterone antag-
onists FDA approved for use in patients with HF are 
spironolactone (Aldactone®) and eplerenone 
(Inspra®). Aldosterone, a neurohormone stimulated 
by the renin-angiotensin-aldosterone system 
(RAAS), is thought to play an important part in the 
pathophysiology of HF.5 The benefits of aldosterone 
antagonists in systolic HF are well established; how-
ever, strong interest exists in determining whether 
these benefits also extend to diastolic HF.   

This article will review the utility of aldoste-
rone antagonists in the management of diastolic heart 
failure and compare their role in systolic heart fail-
ure. The pharmacological characteristics of aldoste-
rone antagonists will also be discussed as well as a 
comparison between spironolactone and eplerenone. 
Lastly, several clinical trials that assessed aldoste-
rone antagonists’ role in therapy will be evaluated.   
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Table 1  |  Pharmacodynamics and Pharmacokinetics of Spironolactone and Eplerenone 11-13 

 Spironolactone (Aldactone®) Eplerenone (Inspra®) 

MR affinity 
(aldosterone =1) 1.1 x 10-1 5.1 x 10-3 

Absorption Increased with food No effect with food 

Absolute  
bioavailability (%) Unknown ~69% 

Half-life (h) 1.4 4-6 

Protein  
binding (%) 90 49 

Metabolism Hepatic CYP3A4 

Metabolites (half-life) 
 TMS (13.8) 
HTMS (15) 

Canrenone (16.5) 
Inactive 

Excretion (%) Urine: 53 
Feces: 20 

Urine: 66 
Feces: 32 

CYP4A4 = cytochrome P450 isoenzyme 3A4; HTMS = 6-ȕ-hydroxy-7-Į-(thiomethyl) spironolactone; MR = mineralocorticoid 
receptor; TMS = 7-Į-(thiomethyl) spironolactone  

Table 2  |  Summary of Aldosterone Antagonists Clinical Trial Data in Patients with HF and Reduced LVEF 

Study (Year) Design Intervention Primary Outcome 

RALES7 (1999) 

x� RCT, MC, DB 
x� Mean follow-up: 24 

mo. 
x� Inclusion: NYHA 

class III or IV, treated 
with loop diuretic and/
or ACEI, LVEF�35% 

x� Spironolactone 25 
mg/d (N=822) 

x� Placebo (N=841) 
x� After 8 wk., dose 

could be increased to 
50 mg/d if tolerated 

x� Death from any 
cause 

EPHESUS8 
(2003) 

x� RCT, MC, DB 
x� Mean follow-up: 16 

mo. 
x� Inclusion: document-

ed acute MI, 
LVEF�40%, 

x� Pts received ACEI, 
ARBs, diuretics, or 
BB 

x� Eplerenone 25 mg/d 
(N=3319) 

x� Placebo (N=3313) 
x� After 4 wk., dose 

could be increased to 
maximum of 50 mg/d 

x� Death from any 
cause 

x� Death from CV 
causes or first hos-
pitalization for CV 
event 

EMPHASIS-
HF9 (2011) 

x� RCT, MC, DB 
x� Mean follow-up: 21 

mo. 
x� Inclusion: NYHA 

class II, LVEF�30%, 
treatment with ACEI, 
ARB, or BB 

x� Eplerenone 25 mg/d 
(N=1364) 

x� Placebo (N=1373) 
x� After 4 wk., dose 

could be increased to 
50 mg/d 

x� Composite of death 
from CV causes or 
first hospitalization 
for HF 

ACEI = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; BB = beta-blocker; CI = confidence inter-
val; CV = cardiovascular; DB = double-blind; HF = heart failure; HR = hazard ratio; LVEF = left ventricular ejection fraction ; 
MC = multicenter; MI = myocardial infarction ; mo. = months; NYHA = New York Heart Association ; pts = patients ; RCT = 
randomized, controlled trial; RR = relative risk; wk. = weeks 

Results 

x� Spironolactone 
(35%) vs. placebo 
(46%); RR 0.7, 
95% CI 0.6-0.82; 
p<0.001 

x� Eplerenone (14.4%) 
vs. placebo 
(16.7%); RR 0.85, 
95% CI 0.75-0.96; 
p=0.008 

x� Eplerenone (26.7%) 
vs. placebo (30%); 
RR 0.87, 95% CI 
0.79-0.95; p=0.002 

x� Eplerenone (18.3%) 
vs. placebo 
(25.9%); HR 0.63; 
95% CI 0.54-0.74; 
p<0.001 
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Clinical�trials�in�patients�with�HF�and�preserved�LVEF�
(diastolic�HF)�
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Table 3  |  Summary of Aldosterone Antagonists Clinical Trial Data in Patients with HF and Preserved LVEF 

Study (Year) Design Intervention 

RAAM-PEF19 
(2011) 

x� RCT, SC, DB 
x� Total tx duration: 

24 wk 
x� Inclusion: NYHA 

class II or III, 
LVEF�50%, cur-
rent use of ACEI 
or ARBs 

x� Initial 2-wk open 
label period of 
eplerenone 25 mg/
d 

x� Eplerenone 25 mg/
d (N=23) for 2 wk., 
then 50 mg/d for 
22 wk. 

x� Placebo (N=23) 

Aldo-DHF20 
(2013) 

x� RCT, MC, DB 
x� Total tx duration: 

12 mo. 
x� Mean follow-up: 

11.6 mo. 
x� Inclusion: NYHA 

class II or III, 
LVEF�50% 

x� Current use of 
ACEI/ARB, BB, 
Diuretic, or CCB 

x� Spironolactone 25 
mg/d (N=213) 

x� Placebo (N=209) 
 

TOPCAT21 
(ongoing) 

x� RCT, MC, DB 
x� Inclusion: NYHA 

class II-IV, 
LVEF�45%, 
age�50 

x� Exclusion: 
SBP>160 mmHg, 
SCr�2.5 mg/dL, 
history of hyper-
kalemia 

x� Spironolactone 15 
mg/d, then 30 mg/d 
after 4 wk., then 
optional up-
titration to maxi-
mum 45 mg/d on 
or after the 4-mo. 
visit 

6-MWD = 6-minute walk distance; ACEI = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; BB = 
beta-blocker; CCB = calcium-channel blocker; CITP = carboxy-terminal telopeptide of collagen type I; CV = cardiovascular; DB = 
double blind; E/E’ = measure of LV filling pressure; MC = multi-center; mo. = months; NYHA = New York Heart Association ; 
peak VO2 = maximal oxygen capacity; PINP = procollagen type I; QOL = quality of life; RCT = randomized, controlled trial; SBP  
= systolic blood pressure; SC = single-center; SCr = serum creatinine; ; tx = treatment; wk. = weeks 

Outcomes Results (study drug vs.  
placebo) 

x� Primary: 6-MWD 
(meters) change 
from baseline 

 
x� Secondary: ECHO 

measures of dias-
tolic dysfunction 
(change in E/E’) 

 
x� Biomarkers of col-

lagen turnover and 
B-type natriuretic 
peptide 

x� Primary: No difference in 
change in 6-MWD 
(+39.30 vs. +37.3; 
p=0.91) 

x� Secondary: significant 
improvement in diastolic 
function (-1.77 vs. 1.23; 
p=0.01) 

x� Significant decreases in 
PINP (-7.22 vs +2.27; 
p=0.009) and CITP (-0.47 
vs 0.86; p=0.026) 

x� Primary: diastolic 
function (change in 
E/E’) 

 
x� Maximal exercise 

capacity (peak 
VO2) 

x� Significant improvement 
in diastolic function (-0.6 
vs. +0.8; p<0.001) 

x� No difference in the 
change in peak VO2 (+0.5 
vs +0.5; p=0.81) 

x� Primary: First oc-
currence of the 
composite of CV 
death, hospitaliza-
tion for the man-
agement of HF, or 
aborted cardiac 
arrest 

x� Secondary: all-
cause mortality, all
-cause hospitaliza-
tion, QOL 

x� Results not yet released 
(expected at the end of 
2013) 
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Table 1  |  Summary of American Academy of Neurology Guidelines for Painful DPN 

Recommendation Level Medication Name Recommended Daily Dose 
Level A Pregabalin (Lyrica®) 300-600 mg 

Gabapentin (Neurontin®) 900-3600 mg 
Sodium Valproate (Depacon®) 500-1200 mg 

Venlafaxine (Effexor®) 75-225 mg 
Duloxetine (Cymbalta®) 60-120 mg 

Amitriptyline 25-100 mg 

Dextromethorphan 400 mg 
Morphine Sulfate 120 mg 

Tramadol (Ultram®) 210 mg 
Oxycodone Mean 37mg; max 120 mg 
Capsaicin 0.075% applied four times 

Isosorbide Dinitrate Spray No specific recommendation 

 DPN: diabetic peripheral neuropathy 

  
Level B 
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Table 2  |  The Pharmacokinetic Properties of  
Tapentadol ER16 

Property Data 

Bioavailability ~32% 

Time to Cmax 3-6 hours 

Time to Steady-State 
After third dose if dosed twice 

daily (~36 hours after first 
dose) 

T1/2 ~5 hours 

Volume of Distribution 540 ± 98 L 

Protein Binding 20% 

Metabolism 

Conjugation via UGT (70%), 
methylation via CYP2C19 and 
CYP2C9 (13%), hydroxylation 

via CYP2D6 (2%),  
unknown pathways (12%),  
excreted unchanged (3%) 

Pro-drug No activation required 

Active metabolites None 

Excretion 99% urinary excretion (active 
drug and metabolites) 

Cmax – maximum concentration, CYP – cytochrome p-450, 
T1/2 – half-life, UGT - UDP glucuronosyltransferase 



Table 4  |  Inclusion and Exclusion Criteria for Schwartz et al18 and Vinik et al19 

Inclusion Criteria Exclusion Criteria 

x� DM 1 or 2 with chronic PDPN 
 
x� Age � 18 years 
 
x� Moderate to severe pain, defined as an average baseline 

pain intensity score of � 5 on an 11-point numerical rat-
ing scale (NRS) over the 3-day pain intensity evaluation 
period 

 
x� HbA1c � 11% 
 
x� Use of analgesic therapy for � 3 months; if receiving opi-

oids, total daily opioid-equivalent dose � 160 mg oral 
morphine 

 
x� Dissatisfaction with current analgesic 
 

x� History of malignancy within the past 2 years, lifelong history 
of seizures, traumatic brain injury, brain neoplasm, stroke/
transient ischemic attack within the past year, alcohol or sub-
stance abuse, chronic hepatitis B or C infection 

 
x� Moderate or severe hepatic or severe renal impairment, signif-

icant cardiac or vascular disease, hypersensitivity to study 
medication 

 
x� Other clinically significant diseases or conditions 
 
x� Significant diabetic ulcers, amputation of the limbs, or Char-

cot joints. 
 
x� Use of other analgesics, neuroleptics, anticonvulsants, anti-

parkinsonian drugs, MAOIs, TCAs, SNRIs, or systemic corti-
costeroids 

 

  
DM – diabetes mellitus, HbA1c – glycosylated hemoglobin, MAOI – monoamine oxidase inhibitor, NRS – numerical rating scale, 
PDPN – painful diabetic neuropathy, SNRI – serotonin/norepinephrine reuptake inhibitor, TCA – tricyclic antidepressants 
  

Table 3  |  Summary of Efficacy Data for Tapentadol ER 

  
  

  
  
 

Primary  
Outcomes Secondary Outcomes 

  
  
 

Mean change 
in average pain 

intensity at 
week 12; 

LSMD vs. pla-
cebo 

BPI 
total 
score 

SF-36 physi-
cal compo-
nent sum-

mary 

SF-36 
mental 
compo-

nent sum-
mary 

EQ-5D 
health 
status 
index 

Tapentadol ER 
(100mg – 250mg) 
n = 1,131 initial 

phase; 395 
maintenance 

phase 

  
-1.3 [-1.70 to -

0.92] 

  
-0.2 

  
-0.2 

  
0 

  
0 

Tapentadol ER 
group was signifi-
cantly different 
from placebo at 
week 12 of mainte-
nance phase for the 
primary outcome 
(p<0.001) 

Placebo group  
(n = 193) 

  
--- 

  
0.7 

  
-2.3 

  
-1.2 

  
-0.1 

Vinik et al 
201219 

  
Design: ran-

domized-
withdrawal, 

placebo-
controlled study 

Tapentadol ER 
(100mg – 250mg) 
n = 1,131 initial 

phase; 320 
maintenance 

phase) 

  
-0.95 [-1.42 to 

-0.49] 

  
  

0.2 

  
  

-3.0 

  
  

-0.1 

  
  

1.26 

Tapentadol ER 
group was signifi-
cantly different 
from placebo at 
week 12 of mainte-
nance phase for the 
primary outcome 
(p<0.001) 

Placebo group (n 
= 193) 

  
--- 

  
1.4 

  
-2.6 

  
0.8 

  
10.10 

 BPI: Brief Pain Inventory, EQ-5D: EuroQol – 5 Dimensions, LSMD: least-squares mean difference, SF-36: 36-item Short-Form 
Health Survey 

Schwartz et al. 
201118 

  
  
randomized-
withdrawal, 
placebo-
controlled trial  

Design: 
# of participants 

and dosing 
  

Comments 
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Table 5  |  Summary of Adverse Events from Two 
Pooled Placebo Studies16  

 
Tapentadol ER, 50 

to 250 mg twice 
daily (n=1040) 

Nausea 27% 

Dizziness 18% 

Somnolence 14% 

Constipation 13% 

Vomiting 12% 

Decreased appe-
tite 6% 

Anxiety 

Headache 10% 

Fatigue 9% 

Pruritus 8% 

Dry mouth 7% 

Diarrhea 7% 

Placebo (n=343) 

8% 

2% 

<1% 

<1% 

3% 

5% 

<1% 

0% 

<1% 

5% 

<1% 

5% 4% 
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Table 6  |  Patient cost of Nucynta® ER Including 
Commercial Plans, Medicare plans, and cash 
price21  

   Price for monthly 
supply* Placebo (n=343) 

Commercial 
Insurance Plans $31 8% 

Medicare  
Insurance Plans $18 2% 

Cash Price 
  

$203.58 [$186.54 
– 221.99] <1% 

*monthly supply determined as 60 tablets; medication taken 
twice daily for therapeutic effect 
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