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  Clinical Practice Guideline  

Mineralocorticoid receptor antagonist (MRA)
Aldosterone activation in heart failure (HF) 

promotes myocardial fibrosis and progressive 
cardiac remodeling. Low (non-diuretic) dose MRA 
eff ectively blocks the harmful eff ect of aldosterone on 
the myocardium. MRA has been shown to markedly 
reduce mortality and rehospitalization in symptomatic 
(Fc II-IV) HF with reduced ejection fraction HFrEF 
(LVEF 35% or less) patients, despite prior treatment 
with an Angiotensin converting enzyme inhibitors 
(ACEI) and a beta-blocker (Table 1).

Every eff ort should be exercised to avoid life-
threatening hyperkalemia, which is a relatively 
common serious side eff ect of MRA. Serum potassium 
level should be checked at least every three months, 
and at least seven days after initiation or dose up-
titration. High-dose MRA (spironolactone of more 
than 50 mg per day) should be avoided, and it 
should never be used in combination with ACEIs 
and Angiotensin II receptor blockers (ARBs) due 
to the high-risk of hyperkalemia. MRA should not 
be initiated if serum creatinine (Cr) level is greater 
than 2.5 mg/dL in men or greater than 2.0 mg/dL in 
women or estimated glomerular fi ltration rate (eGFR) 
is less than 30 mL per minute per 1.73 m², and those 
with baseline serum K⁺ of more than 5.0 mEq/L. 

Physicians should be extremely careful if potassium 
supplementation is needed in patients receiving MRA, 
and more frequent potassium level monitoring is 
recommended.

Angiotensin Receptor Neprilysin Inhibitor 
(ARNI) (Table 2)

In addition to RAAS blockade, promoting 
natriuretic peptide (NP) system activation has shown 
benefi cial eff ect (i.e., vasodilatory, natriuretic, and 
anti-remodeling) in HFrEF patients. In the Prospective 
comparison of ARNI with ACEI to Determine Impact 
on Global Mortality and morbidity in Heart Failure 
(PARADIGM-HF) trial, LCZ696 (a salt complex 
comprising valsartan and sacubitril in 1:1 molar 
ratio that was the fi rst agent in the ARNI drug class) 
was shown to be superior to ACEI (enalapril 10 mg 
b.i.d.) for reducing hospitalizations for worsening 
HF, cardiovascular mortality, and overall mortality 
in ambulatory symptomatic HFrEF patients with 
left ventricular ejection fraction (LVEF) of 40% or 
less(1). Since the PARADIGM-HF trial consisted of 
three consecutive run-in periods that included only 
patients who were able to tolerate moderate dose of 
ACEI and ARNI, physicians should be cautious about 
potential ARNI side eff ects, such as increased risk 
of hypotension and angioedema, in real-life clinical 
practice. ARNI should be avoided in patients with 
hypotension [systolic blood pressure (SBP) of less 
than 90 mmHg], eGFR of less than 30 mL per minute 
per 1.73 m², serum K⁺ of more than 5.2 mmol/L, 
and history of angioedema. Pregnancy is also an 
absolute contraindication. ARNI must not be used 
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concomitantly with an ACEI due to the increased 
risk of excessive hypotension and angioedema. When 
switching from ACEIs to ARNI, discontinue ACEIs 
for at least 36 hours before starting ARNI (Table 3). 
In contrast, no discontinuation of ARBs is required 
before switching to ARNI(1).

Ivabradine (Table 4)
Ivabradine is a selective If channel inhibitor 

that produces negative chronotropic eff ect without 
negative inotropic effect. The clinical benefit of 
ivabradine in HFrEF was demonstrated in the Systolic 
HF treatment with the If inhibitor ivabradine Trial 
(SHIFT) study. That study found that ivabradine 

signifi cantly reduced cardiovascular death or hospital 
admission for worsening HF by 18% compared 
with placebo treatment(2). Therefore, the Thai FDA 
approved ivabradine for treatment of chronic HF to 
reduce cardiovascular events (cardiovascular mortality 
or hospitalization for worsening HF) in adults in sinus 
rhythm with symptomatic chronic HF with heart rate 
of 70 bpm or more, despite maximum tolerated dose 
of beta-blocker(2).

Hydralazine and isosorbide dinitrate (Table 4)
The benefi t of hydralazine and isosorbide dinitrate 

combination in HFrEF was shown in the Veterans 
Administration Cooperative Vasodilator-Heart Failure 

Table 1. Summary of recommendations regarding MRA use in patients with HF

Recommendations COR LOE

Unless contraindicated, low-dose MRA (spironolactone) is recommended in symptomatic chronic HFrEF 
patients, preferably after treatment with ACEI/ARBs and BB, to further reduce HF hospitalization and 
mortality. 

I A

ACEI=angiotensin converting enzyme inhibitors; ARBs=angiotensin II receptor blockers; BB=beta blockers; COR=class 
of recommendation; HF=heart failure; HFrEF=heart failure with reduced ejection fraction; LOE=level of evidence; 
MRA=mineralocorticoid receptor antagonist

Table 2. Summary of recommendations regarding ARNI use in patients with HF

Recommendations COR LOE

Replacement of ACEIs (or ARBs) with ARNI (sacubitril/valsartan) to further reduce the risk of HF 
hospitalization and mortality in chronic HFrEF (LVEF <40%) patients who remain symptomatic despite 
guideline-directed medical therapy with an ACEI (or ARB), a beta-blocker, and an MRA is recommended.

I B

Initiation of ARNI (sacubitril/valsartan) may be considered in ACEI/ARB naïve patients who have no 
vulnerable characteristics (e.g., systolic BP <100 mmHg, age >75 years). Low-dose ARNI should be carefully 
initiated and slowly uptitrated to the target dose. 

IIb C

ACEI=angiotensin converting enzyme inhibitors; ARBs=angiotensin II receptor blockers; ARNI=angiotensin receptor-neprilysin 
inhibitor; BP=blood pressure; COR=class of recommendation; HF=heart failure; HFrEF=heart failure with reduced ejection 
fraction; LOE=level of evidence; LVEF=left ventricular ejection fraction

Table 3. Recommended initial dose of ARNI

Current dose RAAS blockade Initial dose of ARNI Titration

ACEIs ARBs  Sacubitril/valsatan  
Enalapril ≥10 mg/day Losartan ≥50 mg/day 49/51 mg b.i.d. Increase over 3 to 4 weeks to target 

dose of 97/103 mg b.i.d.Lisinopril ≥10 mg/day Valsartan ≥160 mg/day
Perindopril ≥4 mg/day Candesartan ≥16 mg/day
Ramipril ≥5 mg/day Irbesartan ≥150 mg/day

Olmesartan ≥10 mg/day
Telmisartan ≥40 mg/day

Low-dose RAAS blockade 24/26 mg b.i.d. Increase over 6 weeks to target of 
97/103 mg b.i.d. RAAS blockade naïve 24/26 mg b.i.d.

High risk of hypotension

ACEI=angiotensin converting enzyme inhibitors; ARBs=angiotensin II receptor blockers; b.i.d.=bis in die (twice daily); 
RAAS=renin-angiotensin-aldosterone system
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Trial (V-HeFT I). The results of that study revealed that 
this drug combination led to a relative risk reduction 
in mortality of 22%, but the level of signifi cance was 
only borderline(3). The later result of the V-HeFT II trial 
showed the mortality rate associated with combination 
hydralazine and isosorbide dinitrate to be higher than 
the mortality rate associated with enalapril (25% 
versus 18% at two years)(4). Post-hoc analysis of the 
V-HeFT trials revealed signifi cant benefi t of this drug 
combination in African-American population. The 
hypothesis that there would be incremental benefi t of 
this combination in non-African-American patients 
when added to background treatment of ACEIs and/
or beta-blocker has not yet been tested(3).

Digoxin (Table 4)
Evidence from the Digitalis Investigation Group 

(DIG) mortality trial found that the use of digoxin 
reduced hospitalization in patients with HFrEF, 
especially in patients with more advanced symptoms, 
but no survival benefi t was demonstrated(5). Digoxin 
has a narrow therapeutic index, and serum digoxin 
level should be followed closely, especially in patients 
with unstable renal function. The results of the DIG 
trial suggest that risk-adjusted mortality increases 
when plasma concentration exceeds 1.0 ng/mL, 

although overt toxicity is not often observed until 
plasma concentration exceeds 2 ng/mL(5).

Vaccines (Table 5)
The recommendation for anti-infl uenza vacci-

nation in HF is based on data from a limited number 
of large observational studies(6). Those results 
showed that timely vaccination during influenza 
season reduced hospitalization mainly due to acute 
HF as the cause of hospital admission. However, the 
quantitative data relative to myocardial function prior 
to the event are lacking. Recent sub-analysis from 
the PARADIGM-HF trial showed that patients with 
symptomatic HF with reduced LVEF who received 
anti-infl uenza vaccination had lower risk for all-cause 
mortality when compared to the non-vaccinated 
group(7).

Given the acceptable safety profi le of infl uenza 
vaccines and the World Health Organization’s 
recommendation for their use in high-risk populations, 
infl uenza immunization appears to be a safe and cost-
eff ective strategy for decreasing infl uenza burden in 
HF.

Coenzyme Q10 
Coenzyme Q10 (CoQ10) may be considered to 

Table 4. Summary of recommendations regarding the use of ivabradine, hydralazine, isosorbide dinitrate, and 
digoxin in patients with HF

Recommendations COR LOE

Ivabradine should be considered to reduce the risk of HF hospitalization or cardiovascular death in 
symptomatic patients with LVEF ≤35% that are in sinus rhythm and that have a resting heart rate ≥70 bpm 
despite guideline-directed medical therapy that included the maximum tolerated dose of a beta blocker, an 
ACEI (or ARB), and an MRA. 

IIa B

Hydralazine and isosorbide dinitrate may be considered in symptomatic patients with HFrEF who are unable 
to tolerate or have contraindications for ACEIs or ARBs to reduce HF symptoms. 

IIb B

Digoxin may be considered in HFrEF patients with sinus rhythm who are still symptomatic despite guideline-
directed medical therapy with an ACEI (or ARB), a beta-blocker, and an MRA to reduce the risk of heart failure 
hospitalization. 

IIb B

ACEI=angiotensin converting enzyme inhibitors; ARBs=angiotensin II receptor blockers; BB=beta blockers; COR=class of 
recommendation; HF=heart failure; HFrEF=heart failure with reduced ejection fraction; LOE=level of evidence; LVEF=left 
ventricular ejection fraction; MRA=mineralocorticoid receptor antagonist

Table 5. Summary of recommendations regarding vaccines and multidisciplinary care in patients with HF

Recommendations COR LOE

Annual inϐluenza vaccine is recommended in all patients with HF. I B
Combined pneumococcal vaccine and inϐluenza vaccine are recommended in all patients with HF. IIa B
Multidisciplinary care management program is recommended for patients with high-risk HF to reduce the risk 
of HF hospitalization and mortality.

I A

Routine use of coenzyme Q10 is not recommended in patients with HFrEF due to insufϐicient data III B

COR=class of recommendation; HF=heart failure; LOE=level of evidence 
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improve survival in patients with HFrEF(8). However, 
the benefi t of CoQ10 on HF outcomes is still unclear, 
so its routine use cannot be recommended at this time.

Heart failure with preserved ejection fraction 
(HFpEF) (Table 6)

HFpEF is a complex and difficult to define 
condition that has heterogenous pathophysiology, 
and that is associated with diverse concomitant 
cardiovascular and non-cardiovascular comorbidities. 
Disappointingly, randomized controlled trials of 
numerous treatment options have so far have failed 
to convincingly reduce morbidity and mortality 
in HFpEF patients. Cautious use of diuretics is 
an important strategy for improving congestive 
symptoms without causing low cardiac output. Blood 
pressure should be controlled in accordance with 
published guidelines.

Candesartan, an ARB, was shown in the 
Candesartan in HF: Assessment of Reduction in 
Mortality and morbidity (CHARM)-Preserved 
trial to have moderate impact in preventing HF 

hospitalization in HFpEF patients(9). MRA use in 
HFpEF was investigated in the Treatment of Preserved 
Cardiac Function HF with an Aldosterone Antagonist 
(TOPCAT) trial. The TOPCAT trial demonstrated that 
among patients with HFpEF, spironolactone does 
not reduce the composite endpoint of cardiovascular 
mortality, aborted cardiac arrest, or HF hospitalizations 
when compared to placebo. However, it is associated 
with small reduction in HF hospitalizations.

Post hoc analysis showed signifi cant composite 
endpoint reduction in the North American subgroup 
(HR: 0.83), but not in the Russian/Georgian subgroup 
(HR: 1.10). The Russian/Georgian population had an 
unusually low event rate, no expected increased rate 
of hyperkalemia, and some patients had non-detectable 
levels of spironolactone metabolite despite being in 
the active treatment arm. 

After acknowledging the limitation of subgroup 
interpretation, it is suggested that selected patients 
with symptomatic HFpEF and elevated B-type 
natriuretic peptide (BNP) level may benefi t from 
spironolactone use(10).

Table 6. Summary of recommendations regarding treatment of patients with HFpEF

Recommendations COR LOE

Recommended optimal treatment of patients with hypertension and HFpEF is in accordance with published 
clinical practice guidelines, with a target systolic BP <130 mmHg(11,12).

I B

The following cardiovascular and non-cardiovascular comorbidities should be actively screened and optimally 
treated in all patients with HFpEF:

I C

• Cardiovasvular diseases
○ Coronary artery disease
○ Hypertension
○ Atrial ϐibrillation
○ Pulmonary hypertension

• Non-cardiovascular diseases
○ Diabetes mellitus
○ Chronic kidney disease
○ Anemia, iron deϐiciency
○ Chronic obstructive pulmonary disease
○ Obesity
○ Obstructive sleep apnea

Diuretics are recommended in HFpEF patients who have evidence of volume overload to improve symptoms 
and reduce hospitalization. When diuretics are used, care must be taken to avoid overdiuresis(13,14).

I C

Concomitant coronary artery disease should be screened as a possible cause of exertional dyspnea and/or 
acute decompensation in HFpEF patients.

IIa C

ARBs may be considered to decrease hospitalizations in HFpEF patients. IIb B
Low-dose MRA may be considered to decrease hospitalizations in HFpEF patients with elevated natriuretic 
peptides or history of recent HF hospitalization(10).

IIb B

Routine use of nitrates to improve functional capacity in HFpEF patients is not recommended(15). III B
Routine use of phosphodiesterase-5 (PDE5) inhibitors to improve symptoms in HFpEF is not recommended(16). III B

ARBs=angiotensin II receptor blockers; BP=blood pressure; COR=class of recommendation; HF=heart failure; HFpEF=heart 
failure with preserved ejection fraction; LOE=level of evidence; MRA=mineralocorticoid receptor antagonist
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Extended-release isosorbide mononitrate (a long-
acting nitrate) was shown in the Nitrate’s Eff ect on 
Activity Tolerance in Heart Failure with Preserved 
Ejection Fraction (NEAT-HFpEF) trial to have no 
benefit on daily activity level, exercise capacity, 
quality of life, or NT-proBNP levels in patients with 
HFpEF and it may have adverse eff ects on exercise 
tolerance. Therefore, routine use of nitrates to 
improve functional capacity in HFpEF patients is not 
recommended(15).

Phosphodiesterase-5 (PDE5) inhibitor sildenafi l 
was shown in Evaluating the Effectiveness of 
Sildenafi l at Improving Health Outcomes and Exercise 
Ability in People with Diastolic Heart Failure (The 
RELAX Study) to have no benefi t on exercise capacity 
or clinical status. Therefore, routine use of PDE5 
inhibitors to improve symptoms in HFpEF is not 
recommended(16).
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