
Page 1 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(6):516 | http://dx.doi.org/10.21037/atm-20-4640

Updates in pharmacotherapy of heart failure with reduced ejection 
fraction

Clifton Espinoza, Haider Alkhateeb, Tariq Siddiqui

Division of Cardiovascular Diseases, Department of Internal Medicine, Texas Tech University Health Science Center El Paso, El Paso, TX, USA

Contributions: (I) Conception and design: All authors; (II) Administrative support: All authors (III) Provision of study materials or patients: C 

Espinoza; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; 

(VII) Final approval of manuscript: All authors.

Correspondence to: Clifton Espinoza, MD. Division of Cardiovascular Diseases, Department of Internal Medicine, Texas Tech University Health 

Science Center El Paso, 4800 Alberta Avenue, El Paso, Texas 79905, USA. Email: Clifton.Espinoza@ttuhsc.edu. 

Abstract: Heart failure is a common entity encountered in healthcare with a vast socioeconomic impact. 
Recent advances in pharmacotherapy have led to the development of novel therapies with mortality benefits, 
improvement in heart failure symptoms and hospitalizations. This article is intended to explore those newer 
pharmacotherapies and summarize the evidence behind guideline directed medical therapy (GDMT) for 
heart failure with reduced ejection fraction (HFrEF). It has been several years since any significant advances 
in pharmacotherapy of heart failure have resulted in survival benefit. Angiotensin-neprilysin inhibitors 
through the PARADIGM-HF and PIONEER-HF trials have shown mortality benefits and a reduction 
in heart failure hospitalizations and are considered landmark trials in heart failure. Vericiguat is an oral 
guanylate cyclase stimulator that through the recent VICTORIA trial showed a 10% relative difference in 
death from cardiovascular cause or hospitalization for heart failure. The sodium-glucose transport protein 
2 (SGLT2) inhibitors are another class of medications that have shown promise in the treatment of patients 
with HFrEF and diabetes mellitus. The CANVAS and EMPA-REG OUTCOME trials showed the potential 
benefit of SGLT2 inhibitors on cardiovascular mortality, DECLARE-TIMI 58 trial showed that treatment 
with dapagliflozin reduced the risk of cardiovascular death or hospitalization for heart failure to a greater 
extent in patients with reduced ejection fraction (EF). Although novel pharmacotherapy is the current 
focus of intense research, there have been numerous studies on potential benefit of iron supplementation in 
ferropenic patients with heart failure. Another rapidly expanding area of research in the realm of heart failure 
is precision medicine and its impact on the development, progression, and treatment of heart failure. The 
field of heart failure is dynamic and with the influx of data from recent and ongoing trials, newer therapies 
with morbidity and mortality benefits in HFrEF are now available, nonetheless, much work is still needed.
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Congestive heart failure (HF) is a clinical syndrome 
whereby a heart with systolic, diastolic, or combined 
dysfunction is no longer able to compensate resulting 
in a state of volume overload (1). It affects an estimated  
6.2 million American ≥20 years of age and 1–2% of the 
adult population in developed countries with an estimated 

46% increase in prevalence between 2012 and 2030 (1,2).
This volume overload in of itself causes increased 

intracardiac filling pressures and congestion of blood in 
structures upstream to the heart such as the lungs resulting 
in pulmonary edema, inferior vena cava (IVC) and superior 
vena cava (SVC) resulting in jugular venous distention (JVD) 
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and hepatic tenderness respectively. Elevated left ventricular 
(LV) filling pressure further decreases cardiac output 
resulting in decreased perfusion to vital organs such as the 
kidneys resulting in cardiorenal syndrome, this further lead 
to retention of salt within the kidneys and subsequently 
exacerbates an already congested vasculature (3). It is 
these physiologic feedback loops designed to maintain 
intravascular volume and organ perfusion that result in 
an endless loop that eventually leads to a decompensated 
state. Guideline directed medical therapy function in one 
or several of these feedback loops to break the cycle of 
decompensation.

The goal of this review article is to briefly review the 
present guideline-directed medical management (GDMT) 
for systolic HF which have shown to improve LV function 
and decrease mortality with emphasis on some of the newest 
available therapies. 

Hydralazine/isosorbide dinitrate combination 

One of the earliest trials to evaluate pharmacotherapy in 
HF patients was the V-HEFT trial published in 1986. 
V-HEFT randomized 642 patients with symptomatic 
chronic compensated systolic HF with left ventricular 
ejection fraction (LVEF) <45% and decreased exercise 
tolerance already on digoxin and diuretics with the addition 
of hydralazine/isosorbide dinitrate to a matched cohort 
receiving placebo or prazosin to determine the effects on 
mortality. The V-HEFT study showed that the addition of 
hydralazine/isosorbide dinitrate had a favorable effect on 
LV function and mortality, the risk reduction in mortality 
by 2 years was 34% (P<0.028). On the other hand, the 
mortality in the prazosin group was similar to that in the 
placebo group (4).

Angiotensin converting enzyme (ACE) inhibitors 

Shortly after V-HEFT trial was published the results of the 
CONSENSUS trial were published in 1987. Up to that 
time, the beneficial effects on hemodynamics and symptoms 
of the ACE inhibitors were widely known but their overall 
effect on mortality was not established (5). CONSENSUS 
trial randomized 253 patients to evaluate the effect of 
enalapril on mortality in patients with NYHA class IV 
severe heart failure with reduced ejection fraction (HFrEF) 
in addition to conventional therapy, which included 
vasodilators and diuretics. Overall, enalapril showed a 40% 
reduction in mortality by 6 months and 31% by 1 year as 

well as improvements in NYHA class, reduction in the need 
for other HF medications and reductions in heart size (6). 
Despite the results of CONSENSUS, the mortality benefit 
on patients with NYHA II–III mild or moderate HFrEF 
with LVEF <35% was demonstrated by the SOLVD trial. 
It randomized 2,569 patients who were followed for 4 years 
(average 41.4 months). The study found that there was 
a 16% reduction in the risk of death and an overall 22% 
composite risk reduction in deaths and hospitalizations in 
the patients treated with enalapril (7). 

However, up until that time it was not known whether 
vasodilator therapy with ACE inhibitors vs. hydralazine/
isosorbide dinitrate was superior as both had shown 
mortality benefits in HFrEF. In the V-HEFT II trial, 
804 men with NYHA II–III chronic HF on digoxin 
and diuretics were randomized to enalapril therapy vs. 
hydralazine/isosorbide dinitrate with a mean follow-up 
of 2.5 years. Overall, there was a reduction in mortality 
in patients treated with enalapril of 28% with P=0.016 
that was mainly driven by a reduction in sudden death (8). 

Hydralazine/isosorbide dinitrate treatment was associated 
with improvement in body oxygen consumption at peak 
exercise (P<0.05). LVEF was noted to increase in both 
regimens during the 2-year follow-up, but increased 
more in the first 13 weeks in the hydralazine/isosorbide 
dinitrate arm. 

Current guidelines recommend ACE inhibitors in 
symptomatic or asymptomatic patients with reduced 
LVEF (<40%) (9). Generally started at the lowest-dose 
and up-titrated every 3 days to the highest tolerated dose. 
Hypotension and hyperkalemia are the more common 
limiting factors from achieving the appropriate dose.

Angiotensin II receptor blockers (ARBs)

Due to the side effect profile of the ACE inhibitors, there 
is a subgroup of patients whom are unable to receive these 
medications and thus do not benefit from their proven 
mortality benefit. For these patients, ARBs may be an 
alternative. In the ELITE trial, 722 patients aged ≥65 years  
with NYHA class II–IV HF and LVEF ≤40% were 
randomized to receive losartan or captopril. Treatment with 
losartan was associated with a lower incidence of mortality 
(4.8% vs. 8.7%, P=0.035), no difference in the incidence 
of renal dysfunction, and a better tolerated side effect 
profile (10). Given the results of the ELITE trial, ELITE 
II trial sought to confirm whether losartan was superior 
to captopril in terms of mortality benefits by randomizing 
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3,152 patients aged ≥60 years with NYHA class II–IV 
HF with LVEF of ≤40% to receive losartan vs. captopril. 
ELITE II showed that there was no difference in all-cause 
mortality (11.7% vs. 10.4%) or sudden death/resuscitated 
arrests (9.0% vs. 7.3%) between the two groups but losartan 
was better tolerated (11).

Later on, in Val-HeFT trial, 5,010 patients with NYHA 
class II–IV HF were randomized to receive valsartan 
vs. placebo and the primary outcomes of mortality and 
combined end point of mortality and morbidity was 
compared. Treatment with valsartan did not improve overall 
mortality but had a 13.2% lower incidence of the combined 
end point of mortality and morbidity (P=0.009) that was 
mainly driven by a decrease in HF hospitalizations (12). 
A post-hoc analysis also showed that combination of ACE 
inhibitors, ARBs, and beta-blocker was associated with a 
greater incidence of adverse effects in the study population. 
Despite the findings of the Val-HeFT trial, the CHARM-
Added trial sought to answer the question of whether 
dual neurohumoral inhibition of the renin-angiotensin-
aldosterone system (RAAS) had mortality benefit in chronic 
HF patients. In this study, 2,548 patients with NYHA class 
II–IV HF with LVEF ≤40% already treated with ACE 
inhibitors were randomized to receive candesartan or 
placebo. Overall treatment with candesartan reduced the 
incidence of cardiovascular death (38% vs. 42%, P=0.011) 
as well as the total number of hospital admissions for CHF 
(24.2% vs. 28.0%, P=0.014) (13).  However, despite the 
reduction in cardiovascular mortality and morbidity seen 
with combined use of ACE inhibitors and ARBs in chronic 
HF patients, there was a higher incidence of discontinuation 
of candesartan due to adverse events or abnormal lab values 
(24% vs. 18%, P=0.0003). As such, dual use of ARBs and 
ACE inhibitors may have a mortality benefit in chronic HF 
patients but require close monitoring (9).

Beta-blockers

One of the first studies to evaluate beta-blockers effect 
as a class in patients with HF was the MERIT-HF 
study published in 1999. At the time of the study, short-
acting metoprolol tartrate was known to reduce clinical 
deterioration, improve symptoms, quality of life and EF in 
patients with dilated cardiomyopathy due to the results of 
the MDC study (14). Shortly after that extended-release 
(CR/XL) metoprolol was developed and studied in the 
MERIT-HF trial where 3,991 patients with NYHA class 
II–IV symptomatic HF with LVEF <40% on optimum 

standard therapy of ACE inhibitors and diuretics were 
randomized. There was 34% reduction in mortality from 
extended release metoprolol that the study was stopped 
early. Benefit was mainly driven by a reduction in sudden 
cardiac death and progressive pump failure regardless of an 
ischemic vs. nonischemic cause for the patient’s HF (15).

In CIBIS-II trial, bisoprolol demonstrated reduced all-
cause mortality by 32%, sudden cardiac death by 45%, and 
all-cause hospitalizations by 15%. CIBIS-II also attempted 
to demonstrate non-inferiority of a bisoprolol-first strategy 
vs. an enalapril-first strategy but was unable to do so (16).

Carvedilol had three important trials that led to its 
approval in HF patients. The U.S. Carvedilol Heart Failure 
Program was composed of four separate trials that had to 
be stopped early after an average of 6.5 months because of 
a significant 65% reduction in mortality in patients treated 
with carvedilol (17). COPERNICUS trial randomized 
2,289 patients with advanced HF (EF <25%) to carvedilol 
vs. placebo and found a reduction in mortality of 35% and 
a reduction in relative risk of death or HF hospitalization 
by 31% (18). Finally, the COMET trial sought to compare 
the effect of carvedilol vs. metoprolol tartrate on all-
cause mortality, which showed 33% reduction in all-cause 
mortality in patients receiving carvedilol (19). As a result of 
the COMET trial, metoprolol tartrate is not recommended 
in the treatment of patients with HF. 

Under present guidelines, beta blockers should be used 
in all symptomatic or asymptomatic patients with HFrEF 
and an EF <40% (9). Within the class of beta blockers, 
metoprolol succinate, carvedilol, and bisoprolol have been 
extensively studied and shown a mortality benefit. 

Mineralocorticoid receptor antagonists (MRAs)

With more advanced HF, addition of MRAs such as 
spironolactone or eplerenone may be necessary to improve 
patient symptoms and survival. The first trial to show 
benefit of aldosterone antagonists in HF was the RALES 
trial published in 1999. In this trial, patients with NYHA 
class III–IV symptoms, EF <35% on GDMT of the time 
which include ACE inhibitors, loop diuretics and digitalis 
were randomized to spironolactone or placebo. The trial 
had to be discontinued early after a mean follow-up period 
of 24 months because of spironolactone’s efficacy. There 
was 30% reduction in the risk of death, a 35% reduction 
in hospitalizations due to worsening HF, and a significant 
improvement in NYHA class symptoms (20). Of men 
receiving spironolactone, 10% reported gynecomastia while 
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serious hyperkalemia was minimal in both groups.
Current guideline recommends to use spironolactone 

in symptomatic patients with NYHA class III–IV and EF 
<35% on GDMT (9). Hyperkalemia is a potential serious 
adverse effect with use of spironolactone and eplerenone. 
Potassium levels must be checked on a regular interval once 
initiated.

Diuretics

Diuretics help achieve euvolemia in an acute decompensated 
state and maintain euvolemia in stable chronic HF 
patients. To this date there has been no trial that has 
shown a mortality benefit in patients with HF. Generally, 
loop diuretics are first line when it comes to treatment 
compensated and decompensated HF but thiazide and 
MRAs are also employed. Thiazide diuretics can be effective 
in early stage HF to maintain euvolemia but generally lose 
efficacy with worsening renal function or progression of 
HF. In these scenarios, switching to a loop diuretic tends 
to be a better option. However, in acute decompensated 
HF or chronic advanced HF, thiazide diuretics can be used 
synergistically with loop diuretics to improve diuresis (9).

The efficacy of bolus intravenous (IV) therapy vs. 
continuous infusion of furosemide in acute decompensated 
states was evaluated in the DOSE trial. In the trial patients 
with acute decompensated HF were randomized to receive 
either IV bolus furosemide twice a day at the dose equivalent 
to their home dose vs. continuous infusion of furosemide 
at the equivalent home dose or 2.5 times the equivalent 
home dose. The primary endpoints were the patient’s global 
assessment of symptoms, which was represented as the 
area under the curve of a visual-analogue scale and change 
in serum creatinine level in 72 hours. The DOSE trial 
demonstrated that in patients with decompensated HF there 
was no significant change in patient’s global assessment of 
symptoms or change in creatinine level when an IV bolus vs. 
continuous infusion of furosemide was used. Patients in the 
high dose continuous infusion therapy did achieve greater 
diuresis and improvement in secondary measures such as 
net fluid loss, change in weight, and area under the curve 
for dyspnea at 72 hours but also had temporary worsening 
of their renal function (21).

Digoxin

Digoxin is a cardiac glycoside that is used as adjunctive 
therapy in patients whom remain symptomatic despite 

maximally tolerated medical therapy frequently in the 
setting of atrial fibrillation. Digoxin was studied in chronic 
HF patients in the DIG trial in which patients in sinus 
rhythm with chronic HF and EF <45% were randomized 
to receive digoxin vs. placebo already treated with diuretics 
and ACE inhibitors. This trial showed there was no 
difference in overall mortality but there was a 6% decrease 
in hospitalizations for worsening HF. However, in subgroup 
analysis a dose-dependent increase in mortality was seen 
with digoxin with the least mortality observed when trough 
levels in men were between 0.6 to 0.8 ng/mL (22). The 
narrow therapeutic window with digoxin and significant 
drug-drug interactions limit the use of digoxin. The most 
common side effects that can be seen in digoxin toxicity 
are cardiac arrhythmias including heart block, neurological 
complaints including visual changes, altered mental status, 
confusion and gastrointestinal symptoms that include anorexia, 
nausea and vomiting. The DIG study was performed prior 
to the widespread use of ACE inhibitors and beta-blockers, 
there is no data presently on the effect of adjunctive therapy 
in patients treated with both ACE inhibitors and beta 
blockers (23).

Ivabradine

It has been shown in multiple studies that elevated heart 
rates are directly related to risk of death, cardiovascular 
death, or hospital admission for HF and that reducing base-
line heart rate improves outcomes (24,25). In fact, in one 
study of patients with coronary artery disease and reduced 
EF, a baseline heart rate above 70 beats per minute was 
associated with a 34% increased risk of cardiovascular death 
and 53% increase in hospital admissions for HF when 
compared to similar patients with resting heart rates lower 
than 70 beats per minute (26). Ivabradine exerts its effects 
by inhibiting the If current in the sinoatrial (SA) node. As 
a result, blockade of the f-current in the SA node leads 
to prolongation of the slow depolarization phase and an 
overall decrease in resting heart rate (27). The beneficial 
effects of ivabradine were evaluated in the SHIFT trial 
that was published in 2010. In this study, symptomatic 
HFrEF NYHA II–IV patients with an LVEF <35% in 
sinus rhythm with a baseline heart rate of ≥70 bpm and 
HF hospitalization within the past year on GDMT (beta-
blockers, ACE inhibitor/ARB, and aldosterone antagonists) 
were randomly assigned to receive ivabradine to a target 
dose of 7.5 mg twice daily vs. placebo. Ivabradine had 
an 18% reduction in the composite primary endpoint of 
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cardiovascular death or hospital admission for worsening 
HF after a mean follow-up period of 22.9 months (28). 

Furthermore, ivabradine was noted to decrease secondary 
endpoints of death from HF, hospital admission for HF, and 
any cardiovascular admission but it did not seem to affect 
cardiovascular, all-cause deaths, or sudden cardiac death. 
Ivabradine is recommended in chronic HF patients whom 
are unable to achieve the target heart rate of ≤60 bpm 
on maximally tolerated beta-blocker therapy or in those 
patients whom are intolerant to beta-blockers (29).

Angiotensin receptor neprilysin inhibitors 
(ARNIs)

Now that the classical GDMT have been discussed, we can 
turn our focus on the novel therapies from the past few 
years that have greatly impacted the treatment of chronic 
HF. There have not been any landmark studies since the 
advent of the studies that approved beta-blockers and RAAS 
blockers for use in chronic HF. The ARNIs will be covered 
briefly here as there is another article in the series that 
will cover this class of medications in more detail. In brief, 
ARNIs work by counteracting the chronic neurohormonal 
activation that is seen in in chronic HF. In particular, 
neprilysin is responsible for the breakdown of B-type 
natriuretic peptide (BNP), bradykinin, and adrenomodullin 
(22,30,31). It is the breakdown of these vasoactive peptides 
that leads to vasoconstriction, sodium retention and 
negative remodeling (32,33). However, inhibition of 
neprilysin leads to elevation in bradykinin levels which leads 
to serious adverse effects. Initial trials tried to circumvent 
this by pairing a neprilysin inhibitor with an ACE inhibitor 
but such a combination was unsuccessful because of the 
high rate of angioedema observed (34,35). However, 
combination of neprilysin inhibitor with an ARB had similar 
rates of angioedema seen with the use of ACE inhibitor 
alone without compromising the beneficial effects of the 
neprilysin inhibitor. Sacubitril-valsartan has been evaluated 
in two landmark trials: PARADIGM-HF and PIONEER-
HF, which have led to its approval in the treatment of 
chronic HF. 

PARADIGM-HF that was published in 2014 involved 
8,399 patients with NYHA II–IV chronic HF and reduced 
LVEF ≤40%. Treatment with sacubitril-valsartan lead to 
21.8% reduction in composite endpoint of risk of death from 
cardiovascular causes or hospitalization compared to 26.5% 
with enalapril group (P<0.001) (36). Sacubitril-valsartan 
was also superior to enalapril at reducing the symptoms of 

HF. However, PARADIGM-HF only evaluated patients 
with stable chronic HF and efficacy of the medication in 
acute decompensated HF was not known. PIONEER-
HF that was published in 2019 sought to evaluate if there 
was a benefit of starting ARNI after stabilization from an 
acute decompensated HF hospitalization. The ARNI was 
initiated in patients hospitalized for HF with LVEF ≤40% 
and an N-terminal proBNP (NT-proBNP) concentration  
≥1,600 pg/mL or a BNP concentration ≥400 pg/mL in 
comparison to enalapril. Sacubitril-valsartan was superior to 
enalapril at reducing NT-proBNP levels as well as reducing 
the rate of HF rehospitalization at 8 weeks when compared 
to enalapril alone (37).

ARNIs are presently a class I indication to start patients 
on with HF with an EF <40% as well as chronic HF 
patients whom remain symptomatic with NYHA class II–III  
symptoms. ARNIs are generally well-tolerated but can 
be associated with renal dysfunction, hyperkalemia, 
and symptomatic hypotension but with the exception 
of symptomatic hypotension, the rates of these adverse 
reactions are not greater than those observed when 
ACE inhibitors are taken by themselves. Symptomatic 
hypotension is the adverse event most commonly seen with 
the use of ARNI but given the significant benefit of this 
medication, it is recommended that the dose of the diuretic 
being taken by the patient be reduced instead of stopping 
the ARNI altogether (29).

Vericiguat

Besides inhibition of neprilysin and the RAAS there are 
now new medications currently under investigation that 
have potential benefits in patients with chronic HFrEF. 
One of these drugs is vericiguat which is a novel oral 
guanylate cyclase stimulator. Chronic HF is associated 
with endothelial dysfunction and the production of reactive 
oxygen species that inherently reduce the availability of 
nitric oxide and thus the availability of soluble guanylate 
cyclase and cyclic GMP generation (cGMP) (38). 
Increased cGMP inhibits the entry of calcium in vascular 
smooth muscle cells, activates K+ channels leading to 
hyperpolarization and relaxation and stimulates a cGMP-
dependent protein kinase that then activates myosin light 
chain phosphatase. As a result, increased cGMP leads to 
many beneficial effects such as vasodilation, anti-thrombotic, 
anti-inflammatory and anti-proliferative effects (39).  

Vericiguat directly stimulates soluble guanylate cyclase via a 
binding site independent of nitric oxide and also sensitizes 
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guanylate cyclase to endogenously produced nitric oxide. It 
is via these mechanisms that vericiguat is thought to exert 
its beneficial effects in HF patients (39). The efficacy and 
safety of vericiguat in chronic HF patients with reduced 
EF were evaluated in the VICTORIA trial that was 
recently published in May 2020. The trial enrolled 5,050 
patients who were at least 18 years of age with chronic 
HF on GDMT with NYHA class II–IV symptoms and 
EF <45%. Patients were randomized to receive vericiguat 
(target dose 10 mg daily) or placebo. The primary outcome 
was composite of death from cardiovascular causes 
or first hospitalization. Vericiguat had a 10% relative 
difference in the primary composite endpoint of death 
from cardiovascular cause or hospitalization for HF after a 
median follow-up period of 10.8 months (40). Though there 
was a higher rate of syncope and symptomatic hypotension 
the overall frequency of adverse events was similar (P=0.30 
and P=0.12, respectively). There were also reports of 
slightly lower but clinically insignificant hemoglobin levels 
at the 16-week follow-up period. In summary, vericiguat 
has potential and shown benefit in reducing death from 
cardiovascular causes or first HF hospitalization in patients 
with chronic HF on GDMT who have signs of worsening 
HF. More studies are needed to further evaluate long-term 
efficacy of the medication as well as to evaluate overall 
improvement in heart function and prevention of worsening 
pump failure. 

SGLT2 inhibitors

Another medication group that is also showing promise in 
the treatment of patients with chronic HF is the SGLT2 
inhibitors. It is well known that type 2 diabetes mellitus 
(T2DM) is a potential risk factor for the development 
of HF and in those with an established diagnosis of HF, 
T2DM is a common comorbidity which makes treatment of 
the two simultaneous conditions vital yet challenging. The 
SGLTs are proteins found within the proximal convoluted 
tubules of the kidneys and play a vital role in the glucose 
homeostasis. SGLT2 is the major protein involved in 90% 
of the reabsorption of glucose from the glomerular filtrate. 
SGLT2 inhibitors function by competitively and selectively 
inhibiting the SGLT2 protein, which in turn leads to 
decreased reabsorption of glucose into the blood and 
glucosuria. Furthermore, unlike many of the other diabetic 
medications, SGLT2 inhibitors function independently 
of insulin secretion and sensitivity which allows these 
medications to exert a greater glucosuric effect with higher 

blood glucose levels. Overall, the SGLT2 inhibitors are 
well tolerated and the more common adverse reactions 
are mycotic infections and urinary tract infections. Less 
common but serious adverse reactions include the risk for 
diabetic ketoacidosis as well as an increased risk of lower 
limb amputation, mainly of the toes, and a possible risk for 
Fournier gangrene (41). 

The potential  benefi t  of  SGLT2 inhibitors  on 
cardiovascular mortality has been demonstrated in the 
CANVAS and EMPA-REG OUTCOME trials. CANVAS 
demonstrated that patients with T2DM with established 
cardiovascular disease or those at high risk for cardiovascular 
disease treated with canagliflozin had a lower risk of death 
from cardiovascular causes, nonfatal myocardial infarction 
(MI) or nonfatal stroke compared to placebo (26.9 vs. 31.5 
events per 1,000 patient-years, hazard ratio 0.86, P<0.001) 
but a greater risk of lower limb amputation (6.3 vs. 3.4 
events per 1,000 patient-years, hazard ratio 1.97) (42).  
EMPA-REG OUTCOME study further enforced 
the benefit of SGLT2 inhibitors (empagliflozin) on 
cardiovascular outcomes since it showed that patients with 
T2DM at high risk for cardiovascular events had a lower 
rate of the primary composite outcome of death from 
cardiovascular causes, nonfatal MI, or nonfatal stroke as 
well as risk of death from any cause and hospitalization for 
HF in patients treated with empagliflozin when compared 
to patients treated with placebo (43). However, despite the 
lower risk for HF hospitalization seen in both CANVAS 
and EMPA-REG OUTCOME, there was no real data 
available on the potential benefits of SGLT2 inhibitors on 
morbidity and mortality in patients with established HF. 

The DECLARE-TIMI 58 trial evaluated the effect of 
dapagliflozin on the composite end point of cardiovascular 
death and hospitalization for HF in a diverse patient 
population with T2DM. Treatment with dapagliflozin 
reduced the risk of cardiovascular death or hospitalization 
for HF to a greater extent in patients with reduced EF 
(EF <45%) than in those patients that had no history of 
reduced EF. As such, besides deriving a mortality benefit 
and decreased HF hospitalization in patients with known 
cardiovascular disease or at high risk for cardiovascular 
disease, the SGLT2 inhibitors also seem to be beneficial in 
patients with chronic HF with reduced EF on GDMT (44). 
Although, the DECLARE-TIMI 58 was not a dedicated 
HF study, the results have offered valuable insight into the 
potential benefit of this class of medication in patients with 
chronic HF and concurrent T2DM. 

That being said, the effect of SGLT2 inhibition on HF 
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hospitalizations and mortality in patients with chronic 
HF regardless of the presence or absence of T2DM was 
not known until the results of the DAPA-HF trial were 
published in late 2019. In this study, patients with at least 
18 years of age and an EF ≤40% with NYHA class II–
IV symptoms were studied to determine if treatment with 
dapagliflozin had any impact on the primary endpoint of 
worsening HF or death from cardiovascular causes. After 
a follow-up period of 18.2 months, the primary composite 
endpoint of worsening HF, defined as hospitalization or an 
urgent visit resulting in IV therapy for HF, or death from 
cardiovascular causes occurred in 16.3% in the dapagliflozin 
group and 21.2% in the placebo group (45). The incidence 
of the secondary composite outcome of hospitalization for 
HF or death from cardiovascular causes was also found to 
be lower in the dapagliflozin group than in the placebo 
arm (44). Interestingly, the effect of dapagliflozin on the 
combined primary outcome was consistent regardless of the 
presence or absence of T2DM but it was noted that patients 
with NYHA class III–IV derived less of a benefit when 
compared to those patients with NYHA class II symptoms. 
Furthermore, because the benefit of SGLT2 inhibitors was 
seen shortly after the randomization period and in the 55% 
of the patients in the study without concurrent T2DM it is 
believed that the effect of dapagliflozin on the composite 
endpoint may be due to other mechanisms than just the 
glucose lowering mechanism. Overall, the DAPA-HF study 
provided valuable insight as to the potential beneficial effects 
of SGLT2 inhibitors on patients with chronic HF regardless 
of the presence of T2DM. Although Cardiologists may be 
apprehensive of starting a hypoglycemic agent in patients 
without evidence of hyperglycemia, the DAPA-HF study 
showed that in patients treated with dapagliflozin the 
incidence of hypoglycemia or diabetic ketoacidosis was not 
very frequent and only observed in patients with T2DM. 

Although the mechanism for the cardioprotective effect 
of the SGLT2 is incompletely understood, this class of 
medication promotes natriuresis and osmotic diuresis 
causing contraction in plasma volume and preload, decrease 
blood pressure, arterial stiffness, and afterload which is 
thought to improve subendocardial blood flow in those 
patients with HF (46). Therefore, given the recent influx of 
studies evaluating the effect of SGLT2 inhibitors on chronic 
HF patients, it can be said that overall there is a mortality 
as well as protective effect from worsening pump failure in 
these patients regardless of the diagnosis of diabetes without 
a significantly increased risk of adverse effects that would 
make these medications restrictive in the non-diabetic 

patient with HF.
Please see Table 1 for a list of the drug classes currently in 

use for patients with HFrEF (9,28,40,45). 

Iron replacement in HFrEF

Of the many therapies currently being evaluated for the 
treatment of chronic HF patients, iron replacement needs 
to be mentioned. Iron deficiency can be commonly seen in 
patients with chronic HF and has been associated with poor 
prognosis as well as decreased exercise capacity and worse 
quality of life (47,48). 

Three trials have evaluated the effect of iron repletion 
in ferropenic patients with HF and their effects on various 
variables such as exercise capacity, ventilator efficiency and 
6-minute walk-distance. EFFECT-HF study evaluated the 
effect of ferric carboxymaltose vs. usual care on exercise 
capacity. After 24 weeks of treatment, ferric carboxymaltose 
was associated with a higher peak oxygen consumption 
than the usual care arm (49). FERRIC-HF II was another 
trial that sought to evaluate the effects of iron repletion 
with iron isomaltoside in patients with symptomatic HF 
with reduced LVEF on phosphocreatine recovery half-
time on dynamic 31P magnetic resonance spectroscopy at 
submaximal exercise. Repletion with iron isomaltoside was 
associated with a shorter phosphocreatine time signifying 
improved mitochondrial oxidative function (50). Lastly, 
IRONOUT HF evaluated the effect of oral iron repletion 
with iron polysaccharide on oxygen uptake in patients with 
chronic HF and reduced LVEF. After a follow-up period of 
16 weeks, iron repletion with iron polysaccharide had no 
effect on peak oxygen consumption, ventilator efficiency, 
6-minute walk distance or HF symptoms when compared 
to placebo (51). These studies have offered some valuable 
insight about potential benefits of iron repletion in chronic 
HF patients with reduced LVEF whom are ferropenic but 
more studies and data are needed to assess the true effect of 
iron repletion on mortality and symptoms in HF patients. 
Presently, it is a class IIb indication for IV iron replacement 
to improve functional status and quality of life in chronic 
HF patients (29).

Precision medicine

A rapidly expanding area of research in the realm of 
HF is precision medicine in which the “omics”—
genomics, pharmacogenomics, epigenomics, proteomics, 
metabolomics, and microbiomics of HF and their impact 
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on the development, progression, and treatment are being 
evaluated. For instance, there is mounting evidence that 
development of HF may have some degree of genetic 
inheritance from the cumulative effect of multiple 
variants in multiple genes each exerting an effect on the 
potential development of the clinical syndrome (52). 
Furthermore, substantial work has also been performed in 
pharmacogenomics or the role of inheritance in observed 
drug responses. The more widely studied drug class are 
beta-blockers where genetic variations in the CYP2D6 
enzyme can lead to variance in the metabolism of the 
drugs and therefore differences in clinical response to 
the medication (52). Although promising, application to 
clinical practice has been limited by numerous variables 
including but not limited to lack of replication and 
small study sample sizes. Another promising area of 
research is epigenomics or the study of changes in gene 
expression unrelated to changes in DNA sequence (52). 
DNA methylation, histone modification and non-coding 

RNAs have been implicated in the pathophysiology of 
HF and are potential targets for novel HF therapies. A 
large effort is also being placed in the area of proteomics 
particularly in the search for new biomarkers that can 
help detect the presence of disease, severity, risk of future 
events, and guide therapy or using already discovered 
markers such as NT-proBNP to guide therapy (52). 
Metabolomics is another area of research in HF since it 
has been shown that myocardium is capable of utilizing 
many different energy substrates to meet its metabolic 
demand. Research is currently underway with the use of 
magnetic resonance imaging (MRI) and mass spectrometry 
to quantify variations in myocardial metabolism to 
predict, detect, and evaluate prognosis of HF (52).  
Lastly, with microbiomics, it has been postulated that 
alterations in gut microbiota may be the result of decreased 
intestinal mucosal pH as a result from low cardiac output 
in the setting of HF. This leads to increased growth of 
pathogenic bacteria and may be related to the increased 

Table 1 Current GDMT for patients with HFrEF (9,29,40,45)

Drug Recommendation COR/LOE

Hydralazine/isosorbide dinitrate Symptomatic African Americans with NYHA class III–IV symptoms on GDMT IA

Hypertensive patients with HFrEF on maximally tolerated GDMT

Patients with HFrEF whom are ACEI or ARB intolerant

ACEI All patients with current or prior symptoms of HFrEF 1A

ARBs All patients with current or prior symptoms of HFrEF whom are intolerant to ACEIs 1A

Beta blockers All patients with current or prior symptoms of HFrEF 1A

Mineralocorticoid receptor 
antagonists

Patients with NYHA class II–IV symptoms and LVEF <35% 1A

Patients with LVEF <40% with diabetes mellitus after an acute myocardial infarction to 
reduce morbidity and mortality

1B

Loop diuretics HFrEF patients with fluid retention for relief of symptoms 1B

Digoxin Symptomatic patients in sinus rhythm on GDMT to reduce risk of hospitalization IIb/B

Ivabradine Patients with NYHA class II–III symptoms with LVEF <35% on GDMT including beta blocker 
at max tolerated dose in sinus rhythm with heart rate ≥70 beats per minute

IIa/B-R

ARNI Patients with new onset HFrEF or patients with chronic HFrEF and NYHA class II–III 
symptoms with and LVEF <40%

I/B-R

Vericiguat Patients with NYHA class II–IV symptoms and LVEF <45% with worsening heart failure to 
prevent cardiovascular death or first hospitalization for heart failure

–

SGLT2 inhibitors Patients with or without type II diabetes mellitus to prevent or delay onset of heart failure 
and prolong life

–

COR, class of recommendation; LOE, level of evidence; GDMT, guideline directed medical therapy; HFrEF, heart failure with reduced 
ejection fraction; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; LVEF, left ventricular ejection 
fraction; ARNI, angiotensin receptor neprilysin inhibitor.
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levels of inflammatory markers observed in patients with 
advanced HF. Increased growth of pathogenic bacteria also 
leads to elevated circulating metabolites that can potentially 
be used as biomarkers for patients with HF and currently an 
area of intense research. Although “omics” in HF presently 
has little clinical applications, the vast work being done 
in these areas will likely lead to the development of novel 
therapies for HF and potentially for the individualization of 
HF therapy in the foreseeable future. 

Conclusions

HF is impactful in the field of Cardiology and recent 
advances in the treatment of HF have led to improved 
morbidity and mortality in patients with reduced LVEF. HF 
continues to be an ever-evolving field and hopefully as more 
studies and data are collected, there can be a trend towards 
improved patient outcomes and overall decreased clinical 
burden for both patients and clinicians. 
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