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Almost 300,000 people die each year of heart failure (HF). The incidence of HF in the United States is 2.4%, and its prevalence is
expected to jump by 46% by 2030; at that time, 1 in 33 Americans will have HF. This will impose a higher financial and health
burden. Thus, the management of HF has evolved significantly over the past few decades with the introduction of different
pharmacological agents that improve mortality and reduce hospitalization. The American College of Cardiology/American Heart
Association/Heart Failure Society of America (ACC/AHA/HFSA) updated the HF guidelines for 2022 based on the available
evidence over 40 years to mitigate that burden and improve survival. This state-of-the-art review aims to highlight the latest
evidence regarding the pharmacological management of HF among all categories of HF based on ejection fraction. It focuses on
the four medication pillars in HF and other beneficial medications. It emphasizes the recommended doses to achieve the maximal
mortality benefit. The medications with some or no benefits or those with harmful effects in HF are also covered in this review.

Introduction

HF remains a significant concern, leading to substantial
morbidity, hospitalizations, and mortality, which imposes a

patient-reported bias, despite being the most used functional
classification > 8- To mitigate interpersonal bias, the American
significant financial burden on healthcare systems Heart Association has developed an objective-based functional
worldwide. The management costs for HF can account for classification, which allows for the independent classification of
up to 2% of the total healthcare budget [} For over a century, disease severity based on objective evidence, such as
the New York Heart Association (NYHA) functional echocardiogram and cardiac Treatment for HF encompasses four
areas: lifestyle changes, medications, interventional devices, and
surgery. Medical management involves Guideline-Directed Medical
Therapy (GDMT), which has been used recently to maximize the

classification has served as a gold standard for quantifying
the health status of HF patients. However, it is essential to
note that the NYHA score is susceptible to significant
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survival benefit for HF patients. It has been demonstrated
that GDMT dramatically reduces the clinical outcomes of
HF with reduced ejection fraction. GDMT, or
pharmacological intervention, relies on four
pharmacological classes: Angiotensin Receptor-Neprilysin
Inhibitor (ARNI)/Angiotensin receptor blockers
(ARBs)/Angiotensin-converting enzyme inhibitors (ACEi),
beta-blockers, mineralocorticoid Receptor Antagonist
(MRA)/diuretics, and emerging Sodium-Glucose Transport
Protein 2 (SGLT2) Inhibitors SGLT2 inhibitors 4

The AHA and the ACC have provided clinical guidelines
based on available clinical data since 1980. The latest
guidelines, including updates on HF treatment, are jointly
provided by the AHA, ACC, and HFSA. These guidelines
build upon the previous recommendations made in the 2013
ACCF/AHA guidelines for managing HF in adults and the
2017 ACC/AHA/HFSA-focused update of the 2013

ACCF/AHA guidelines for managing HF 5 61

The updated from 2022 offer new

recommendations regarding the use of SGLT2 inhibitors,

guidelines

ARNi, the management of HF in patients with Atrial
fibrillation, and the management of secondary mitral
regurgitation (MR) in HF, including mitral valve
transcatheter edge-to-edge repair. Additionally, the
guidelines provide updated recommendations on cardiac
amyloidosis, cardiac oncology, implantable devices, and the
utilization of left ventricular assist devices (LVADS) in the
stage D HF [7}

2022 Guidelines on HF

HF is a term used to describe the physiological states in
which the cardiac output is insufficient to meet the body's
needs. It can result from structural or functional issues
impairing the heart's ability to supply sufficient blood (!,

The diagnosis of HF requires a high clinical suspicion based
on the patient's clinical history, examination findings,
electrocardiogram (EKG), and laboratory work. B-type
natriuretic peptide (BNP) or N-terminal pro-B-type
natriuretic peptide (NT-proBNP) levels should be measured
to confirm elevated filling pressure.

Following laboratory tests, a transthoracic Echocardiogram
should be performed to determine the ejection fraction,
which helps classify the HF based on the severity of the
reduction in ejection fraction. HF is now classified into four

categories based on the ejection fraction: HFrEF (heart failure with
reduced ejection fraction), HFmrEF (heart failure with mildly
reduced ejection fraction), HFpEF (heart failure with preserved
ejection fraction), and HEIimpEF (heart failure with improved
ejection fraction). The corresponding ejection fraction ranges for
these categories are as follows: HFrEF <40%, HFmrEF 40-49%,
HEpEF >50%, and HEimpEF with improvement in ejection fraction
(HFpEF) [2101 All patients with current or prior HF, irrespective of
EF, should be considered for GDMT

Please note that the new guideline includes the addition of the
HFimpEF category, which represents heart failure with improved
ejection fraction. Additionally, according to the European Society
of Cardiology (ESC), HFmrEF is classified as a mid-range ejection
fraction, while the AHA classifies it as a mildly reduced ejection
fraction.

The recommendations for treatment have been quantified into
the following classes [11]

Class 1 (Strong: Benefit>>> Risk)
Class 2a (Moderate: Benefit>> Risk)
Class 2b (Weak: Benefit > Risk)
Class 3: No Benefit (Moderate)
Class 3: Harm (Strong)

arwnPE

The quality or level of evidence to support the guidelines is

graded as follows:

1. Level A: High-quality evidence based on more than one
randomized controlled trial (RCT), a meta-analysis of high-
quality RCTs, or one or more RCTs supported by high-
quality registry studies.

2. Level B-R (Randomized): Moderate-quality evidence
based on one or more RCTs or a meta-analysis of moderate-
quality RCTSs.

3. Level B-NR (Non-Randomized): Moderate-quality
evidence from one or more well-designed and well-
executed non-randomized studies, observational studies, or
registry studies, or from a meta-analysis of these studies.

4. Level C-LD (Limited Data): Evidence from randomized or
non-randomized observational or registry studies with
limitations in design or execution, a meta-analysis of such
studies, or evidence based on physiological or mechanistic
studies in human subjects.

5. Level C-EO (Expert Opinion): Consensus of expert opinion
based on clinical experience.
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Guideline-directed  medical therapy
(GDMT): The review will primarily focus
on GDMT:

Renin-Angiotensin-Aldosterone System Inhibition
(RAASI) with ACEI, ARBs, or ARNi

ARNi, ARBs, and ACEi are the first pillar of
pharmacological management in HFrEF. RAAS inhibition
is supported by a Class 1 recommendation and Level A
evidence for patients with HFrEF and NYHA class Il and
Il symptoms. The use of ARNi in patients with HFrEF
experiencing NYHA Class Il and 111 symptoms is associated
with a significant reduction in morbidity and mortality. In
cases where ARNi use is not feasible, ACEi should be used.
ARB use is recommended to reduce morbidity and mortality
if the patient cannot tolerate ACEi due to cough or
angioedema. The use of ARBs and ACEi provides high
economic value. Patients with HFrEF and Class Il or 111
NYHA symptoms who can tolerate ACEi or ARB should be
switched to ARNi to reduce morbidity and mortality further.
It is recommended that ARNi should not be administered
concomitantly with ACEi or at least within 36 hours of the
last dose of an ACEi. ARNi should also be avoided for
patients with a history of angioedema. [12-14]

Beta-blockers

Carvedilol, metoprolol succinate, and bisoprolol are
recommended for HFrEF, and maximum mortality benefit
is observed when the dose is titrated to the maximum
tolerable dose %

Mineralocorticoid Receptor Antagonist
(MRAS)

Mineralocorticoid receptor antagonists (MRAs) are the
third pillar of GDMT for HF with reduced ejection fraction
(HFrEF). They are supported by a Class 1 recommendation
and Level A evidence for patients with HFrEF and NYHA
class Il and Il symptoms. It is recommended to initiate
MRAs, such as spironolactone and eplerenone, if the
estimated glomerular filtration rate (eGFR) is >30

mL/min/1.73m2 and serum potassium is <5.0 mEg/L. The use of
MRAs requires careful monitoring of potassium levels and renal
function. Diuretic doses should be adjusted at initiation, and close
monitoring is necessary to detect hyperkalemia and renal
insufficiency. If patients have difficulty maintaining serum
potassium levels below 5.5 mEg/L, MRAs should be discontinued
to prevent life-threatening hyperkalemia [16: 171

SGLT2 Inhibitors

SGLT2 inhibitors are the 4th pillar of treatment for HFrEF.
Dapagliflozin has been approved first in the USA for reducing the
risk of cardiovascular death and hospitalization for HF in adults
with NYHA class I1-1V HFrEF, whether they have type 2 diabetes
or not. Canagliflozin and empagliflozin are other SGLT2
inhibitors approved in this class [18-20)

Hydralazine and Isosorbide Dinitrate

Hydralazine and isosorbide dinitrate carry level 1 recommendation
and Class A level of evidence for patients identified as African
American who have HFrEF with NYHA class 11-1V symptoms
and are already on optimized medical therapy. Hydralazine and
isosorbide dinitrate have been shown to improve symptoms and
reduce mortality in the specific group. Hydralazine and isosorbide
dinitrate have also been recommended for patients who cannot be
on RAASI medications because of drug intolerance or renal
insufficiency to reduce mortality and morbidity 2% 22}

Medications with no mortality benefits

Ivabradine has been used in patients who are on the maximum
beta-blocker dose and have a sinus rate of >70 bpm or cannot
tolerate beta-blockers. No mortality benefits have been
demonstrated (Class Ila recommendation) 3.

Digoxin provides no mortality benefit and can even be harmful in
scenarios of electrolyte abnormalities. It is recommended only in
cases of CHF with atrial fibrillation (24}

Diuretics only provide symptomatic control with no mortality
benefit. For patients admitted with HF exacerbations, diuretics are
always given via IV as gut edema reduces the absorption of
diuretics 251
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Soluble Guanylyl Cyclase Stimulators: Oral Soluble
guanylyl cyclase stimulators include vericiguat, which
binds directly and stimulates soluble guanylyl cyclase and
increases cyclic guanosine monophosphate (cGMP)
production leading to vasodilation, remodeling in
endothelial function, and decreased cardiac fibrosis and
remodeling. It is recommended for high-risk patients with
progressive worsening LVEF despite being on GDMT for
HFrEF to reduce heart failure hospitalization and

cardiovascular deaths [26}

Medications with some benefits

1. Patients who are on RAASiI medications and are
experiencing hyperkalemia (Potassium >5.5mEq/L) can
be prescribed Potassium Binders (patiromer, Sodium
Zirconium Cyclosilicate). However, the benefit is
unclear 271

2. Omega-3 polyunsaturated fatty acids provide an

adjunctive  therapy to reduce mortality and
cardiovascular hospitalization [28], This treatment

approach is classified as Class Ilb.

3. Nutritional supplements, including vitamins and
hormonal therapy, are not recommended [32-34]

Medications with harmful effects (Class
I11: Strong) Contraindicated:

1. Non-Dihydropyridine calcium channel-blocking
drugs, such as diltiazem and verapamil, are not
recommended in HFrEF [35 361

3. Thiazolidinediones,

2. Class 1C antiarrhythmic medication and dronedarone may

increase the risk of mortality E71

including  rosiglitazone  and
pioglitazone, may worsen HF symptoms and increase
hospitalization if used for type 2 diabetes [38].

4. Dipeptidyl peptidase-4 (DPP-4) inhibitors, including

saxagliptin and alogliptin, increase hospitalization risk
when used for type 2 diabetes treatment 12 4%}

> NSAIDs may worsen HF and should be avoided as much

as possible ©1:

HFimpEF

HFimpEF is a subgroup of patients with HFrEF who experience
improved left ventricular ejection fraction (LVEF) once they start
GDMT. It is recommended that GDMT should be continued to
prevent the relapse of HF and left ventricular (LV) dysfunction,
even if the patient is asymptomatic [

HFmrEF

Patients with HF and LVEF between 41%-49% should be started
on diuretics and SGLT2 inhibitors. The use of MRA, RAASI, and
beta-blockers has a 2b level of recommendation 431

GDMT dosing: sequencing and up-titration

HF treatment aims to maximize the use of medications to achieve
the maximum recommended dose, supported by randomized
controlled trials (RCTSs), to obtain the most significant mortality
benefit. It is recommended to titrate and optimize GDMT as
frequently as every 1-2 weeks, considering patient symptoms, vital
signs, and laboratory findings.

The maximal doses backed by RCTs are as
follows:

Drug Initial daily Target Doses Mean Doses References
dose Achieved in
Clinical Trials
ACEi

6.25mg 3 times | 50 mg 3 times
daily daily

Captopril [44]

122.7 mg total | Pfeffer MA, Braunwald E,
daily Moyé LA, et al. Effect of
captopril on mortality and
morbidity in patients with
left ventricular
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dysfunction after myocardial
infarction: results of the
survival and ventricular
enlargement trial. The SAVE
Inwvestigators. N Engl ]

Med. 1992; 327:660-677.

Enalapril 4]

2.5 mg twice
daily

10-20 mg twice
daily

16.6 mg total
daily

SOLVD Investigators. Effect of
enalapril on survival in patients
with reduced left ventricular
ejection fractions and congestive
heart failure. N Engl ]

Med. 1991; 325:293-302.

Fosinopril 5-10 mg once | 40mg once NA NA
daily daily
Lisinopril [46] 2.5-5mg 20-40 mg once | 32.5-35.0 mg | Packer M, Poole-Wilson PA,
once daily daily total daily Armstrong PW, et
al. Comparative effects of low
and high doses of the
angiotensin-converting enzyme
inhibitor, lisinopril, on
morbidity and mortality in
chronic heart failure. ATLAS
Study Group.Circulation. 1999;
100:2312-2318.
Perindopril 2mg once 8-16 mg once NA NA
daily daily
Quinapril Smg twice 20mg twice NA NA
daily daily
Ramipril 1.25-2.5mg | 10mg once NA NA
once daily daily
Trandolapril Img once 4 mg once daily | NA NA
daily
ARBs
Candesartan 4-8 mg once | 32 mg once 24mg total Pfeffer MA, Swedberg K, Granger
[47] daily daily daily CB, et al. Effects of candesartan

on mortality and morbidity in
patients with chronic heart
failure: the CHARM-Overall
program.Lancet. 2003; 362:759—
766.

Volume-02 Issue-01

Page-5




Losartan [48] 25-50mg 50-150 mg 129 mg total | Konstam MA, Neaton JD,
once daily once daily daily Dickstein K, et al. HEAAL
Investigators.Effects of high-dose
versus low-dose losartan on
clinical outcomes in patients
with heart failure (HEAAL
study): a randomized, double-
blind trial.Lancet. 2009;
374:1840-1848.
Valsartan [4°] 20-40 mg 160 mg twice 254 mg total Cohn JN, Tognoni G. Valsartan
once daily daily daily Heart Failure Trial
Investigators.A randomized trial
of the angiotensin-receptor
blocker valsartan in chronic
heart failure. N Engl J
Med. 2001; 345:1667-1675
ARNi
Sacubitril- 49 mg 97 mg 182 ng McMurray JJ, Packer M, Desai
Valsartan [13] sacubitril and | Sacubitril and sacubitril and | AS, et al. Angiotensin-neprilysin
52mg 103 mg 193 mg inhibition versus enalapril in
Val.sartar% Va!sartan twice Va!sartan total | 1 ot failure. N En gl]
twice daily 1 daily daily Med. 2014; 371:993-1004.
(therapy may ’
be initiated at
24 mg
sacubitril and
26 mg
Valsartan

twice daily)

Beta-Blockers

Bisoprolol B 1.25mg once | 10mg once 8.6mg total Cardiac Insufficiency
daily daily daily Authors. The Cardiac
Insufficiency Bisoprolol Study II
(CIBIS-II): a randomized
trial.Lancet. 1999; 353:9-13.
Carvedilol 13! 3.125 mg 25-50 mg twice | 37 mg total Packer M, Coats AJ, Fowler
twice daily daily daily MB, et al. Effect of carvedilol on
survival in severe chronic heart
failure. N Engl ] Med. 2001;
344:1651-1658.
Carvedilol CR | 10mg once 80 mg once NA
daily daily
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Metoprolol 12.5-25 mg 200mg once 159 mg total | Effect of metoprolol CR/XL in

succinate once daily daily daily chronic heart failure: Metoprolol

extended- CR/XL Randomised Intervention

release (CR/XL) g . .

[52] Trial in Congestive Heart Failure
(MERIT-HF).Lancet. 1999;
353:2001-2007.

MRASs

Spironolactone | 12.5-25 mg 25-50 mg once | 26 mg total Pitt B, Zannad F, Remme W], et

(53] once daily daily daily al. The effect of spironolactone
on morbidity and mortality in
patients with severe heart failure.
Randomized Aldactone
Evaluation Study Investigators. N
Engl ] Med. 1999; 341:709-717.

Eplerenone P4 | 25mg once 50 mg once 42.6 mg total | Pitt B, Remme W, Zannad F, et

daily daily daily al. Eplerenone, a selective
aldosterone blocker, in patients
with left ventricular dysfunction
after myocardial infarction. N
Engl ] Med. 2003; 348:1309-
1321.

SGLT2i

Dapagliflozin 10mg once 10mg once 9.8 mg total | McMurray JJV, Solomon SD,

[53] daily daily daily Inzucchi SE, et al. Dapagliflozin
in patients with heart failure and
reduced ejection fraction. N Engl
J Med. 2019; 381:1995-2008.

Empagliflozin 10 mg once 10mg once NR Packer M, Anker SD, Butler J, et

[56] daily daily al. Cardiovascular and renal
outcomes with empagliflozin in
heart failure. N Engl ] Med. 2020;
383:1413-1424.

Isosorbide dinitrate and Hydralazine

Fixed dose 20 mg 40 mg 90 mg Taylor AL, Ziesche S, Yancy C, et

combination 1sosorbide 1sosorbide 1sosorbide al. Combination of isosorbide

(57] dinitrate and | dinitrate and 75 | dinitrate and | ginitrate and hydralazine in

fl7;15 r?g , ng ‘hydrala‘zlme ; 1751‘“??’ blacks with heart failure. N Engl
lydralazine 3 | 3 times daily ydra azine J Med. 2004; 351:2049-2057.
times daily total daily

Volume-02 Issue-01

Page-7




Isosorbide
dinitrate and
hydralazine [°%

20-30 mg
1sosorbide
dinitrate and
25-50 mg
hydralazine 3-
4 times daily

120mg
1sosorbide
dinitrate total
daily in divided
doses and 300
mg hydralazine
total daily in
divided doses

NA

Cohn JN, Archibald DG, Ziesche
S, et al. Effect of vasodilator
therapy on mortality in chronic
congestive heart failure. Results
of a Veterans Administration
Cooperative Study. N Engl ]
Med. 1986; 314:1547-1552.

If Channel Inhibitor

Ivabradine [5%
60]

5 mg twice
daily

7.5 mg twice
daily

12.8 mg total
daily

Fox K, Ford I, Steg PG, et

al. Ivabradine for patients with
stable coronary artery disease
and left-ventricular systolic
dysfunction (BEAUTIFUL): a
randomized, double-blind,
placebo-controlled

trial.Lancet. 2008; 372:807-816.
Fox K, Ford I, Steg PG, et

al. Ivabradine in stable coronary
artery disease without clinical
heart failure. N Engl J

Med. 2014; 371:1091-1099.
Swedberg K, Komajda M, Bohm
M, et al. Ivabradine and
outcomes in chronic heart
failure (SHIFT): a randomized
placebo-controlled
study.Lancet. 2010; 376:875—
885.

Soluble guanylate

cyclase stimulator

Vericiguat [26]

2.5 mg once
daily

10 mg once
daily

9.2 mg total
daily

Armstrong PW, Pieske B,
Anstrom KJ, et al. Vericiguat in
patients with heart failure and
reduced ejection fraction. N
Engl ] Med. 2020; 382:1883~
1893.

Digoxin [61.62]

0.125-0.25 mg
daily
(modified
according to
monogram)

Individualized
variable dose to
achieve serum
digoxin
concentration
0.5-<0.9 ng/mL

NA

Rathore SS, Foody JM, Wang

Y, et al. Race, quality of care,
and outcomes of elderly patients
hospitalized with heart
failure.JAMA. 2003; 289:2517—
2524.

Digitalis Investigation

Group. The effect of digoxin on
mortality and morbidity in
patients with heart failure. N
Engl ] Med. 1997; 336:525-533.
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HFpEF

Patients with HFpEF and HTN should have medications
titrated following published guidelines to achieve the target
blood pressure. In patients with HFpEF, SGLT2 inhibitors
can be beneficial in reducing HF hospitalizations and
cardiovascular mortality. Managing AF in HFpEF patients
can help improve symptoms. In selected patients with
HFpEF, MRA may be
hospitalizations, especially among patients with LVEF.
ARBs and ARNi can be considered in HFpEF patients with
LVEF on the lower end of the spectrum. However, the

considered to decrease

routine use of nitrates or phosphodiesterase-5 inhibitors to
increase activity or improve quality of life (QOL) is
ineffective in patients with HFpEF [43.63.64]

Conclusion:

HF is the leading cause of morbidity and mortality in both
developing and developed countries, with the cost of
management accounting for approximately 2% of global
health expenses. The AHA and ACC have provided updated
guidelines on managing HF since 1980. GDMT has become
the gold standard for medical therapy in HF. It includes
using RAASI, beta-blockers, MRAS, and SGLT2 inhibitors.
It is essential to titrate each class of medication to the
maximally tolerated doses for the patient to achieve the
maximum mortality benefit. For patients who show
improvement in LVEF, it is necessary to continue GDMT
to prevent relapse of HF.
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