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Abstract

Heart failure with reduced ejection fraction (HFrEF) remains a ma-
jor global health burden despite the availability of highly effective 
disease-modifying therapies. Contemporary guidelines consistently 
endorse four foundational pillars of guideline-directed medical ther-
apy (GDMT); however, real-world implementation remains incom-
plete, with delayed initiation, suboptimal sequencing, and low rates 
of target dose achievement. This review aims to provide a clinically 
oriented, implementation-focused framework for optimizing GDMT 
in HFrEF, emphasizing early initiation, practical sequencing strate-
gies, structured up-titration, and phenotype-guided prioritization in 
routine practice. A narrative synthesis of major randomized clinical 
trials, contemporary guideline recommendations, and real-world 
registry data was performed. Evidence was integrated to develop 
pragmatic strategies for rapid initiation (“four drugs in 4 weeks”), 
safe titration, and overcoming common barriers to implementation. 
Early and comprehensive initiation of renin–angiotensin system 
inhibition (preferably with angiotensin receptor–neprilysin inhibi-
tors), evidence-based beta-blockers, mineralocorticoid receptor an-
tagonists, and sodium–glucose cotransporter 2 (SGLT2) inhibitors 
is associated with rapid and sustained reductions in hospitalization 
and mortality. Clinical benefits of SGLT2 inhibitors emerge within 
weeks of initiation, reinforcing the importance of early deployment. 
Nevertheless, substantial residual risk persists even under quadruple 
therapy, and real-world data demonstrate persistent underutilization 
of foundational therapies. Structured follow-up, phenotype-guided 
prioritization, and protocol-driven titration strategies may facilitate 
safe and comprehensive implementation. Adjunctive device therapy, 

timely referral for advanced heart failure evaluation, and integra-
tion of cardiac rehabilitation further enhance long-term outcomes. 
The contemporary challenge in HFrEF management lies not only in 
identifying effective therapies, but in ensuring their timely and coor-
dinated implementation. An implementation-oriented approach that 
prioritizes rapid initiation, structured up-titration, and individualized 
clinical decision-making may help bridge the gap between guideline 
recommendations and real-world practice.

Keywords: Heart failure with reduced ejection fraction; Guideline-
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Introduction

Heart failure with reduced ejection fraction (HFrEF) remains 
a major global health challenge and is associated with sub-
stantial morbidity, mortality, and healthcare utilization despite 
major advances in cardiovascular therapeutics [1, 2]. Over the 
past three decades, randomized clinical trials have established 
a robust evidence base demonstrating that neurohormonal 
modulation and, more recently, sodium–glucose cotransporter 
2 (SGLT2) inhibition significantly reduce hospitalization and 
mortality in HFrEF [3–5]. These findings have been incorpo-
rated into contemporary clinical practice guidelines issued by 
the European Society of Cardiology and the American Heart 
Association, American College of Cardiology, and Heart Fail-
ure Society of America [6, 7].

Current guidelines clearly define four foundational pillars 
of guideline-directed medical therapy (GDMT)—renin–angio-
tensin system inhibition (preferably with angiotensin receptor–
neprilysin inhibitors), evidence-based beta-blockers, mineralo-
corticoid receptor antagonists, and SGLT2 inhibitors—as the 
cornerstone of contemporary HFrEF management. However, 
despite strong recommendations and high-level evidence, real-
world implementation of comprehensive GDMT remains in-
consistent. Registry data demonstrate persistent underutilization 
of foundational therapies, delayed initiation, and low rates of 
achievement of target or maximally tolerated doses [8, 9].

Importantly, the majority of excess risk in HFrEF occurs 
early after diagnosis or hospitalization, a period during which 

Manuscript submitted January 16, 2026, accepted March 13, 2026
Published online April 15, 2026

aDepartment of Cardiology, Rhythmology, Angiology and Intensive Care 
Medicine, Heart Center Osnabrück, Hospital Osnabrueck, Westphalian Wil-
helms University of Muenster, Osnabrueck, Germany
bDepartment of Emergency Medicine, Clemens Hospital, Muenster, Germany
cCorresponding Author: Lars Roman Herda, Department of Emergency 
Medicine, Clemens Hospital, Dueesbergweg 124, Muenster 48153, Germany. 
Email: l.herda@alexianer.de

doi: https://doi.org/10.14740/cr2195 
Cardiology Research 
1923-2829 (print), 1923-2837 (online)

https://crossmark.crossref.org/dialog/?doi=10.14740/cr2195&domain=pdf&date_stamp=2026-04-01


Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   https://cr.elmerpub.com62

Implementing GDMT in HFrEF Cardiol Res. 2026;17(2):61-71

therapeutic inertia, concerns regarding tolerability, and frag-
mented follow-up may delay comprehensive treatment initia-
tion [10]. As a result, the challenge in modern heart failure 
care is no longer merely identifying effective therapies, but 
ensuring their timely, coordinated, and sustained implementa-
tion across diverse patient populations.

This review is not intended to replicate existing guide-
line documents, but rather to provide a clinically oriented, 
implementation-focused framework for the optimization of 
GDMT in HFrEF. Emphasis is placed on early initiation strate-
gies, sequencing paradigms such as “four drugs in 4 weeks,” 
structured up-titration, phenotype-guided prioritization, and 
practical solutions to common barriers encountered in routine 
practice. In addition, contemporary controversies—including 
management in elderly and frail populations, heart failure with 
improved ejection fraction (HFimpEF), sex-based differences, 
residual risk despite quadruple therapy, and considerations for 
advanced heart failure referral—are discussed to provide inter-
pretive context beyond guideline summaries.

By integrating pathophysiologic insight, trial evidence, 
and real-world implementation challenges, this review aims to 
bridge the gap between consensus recommendations and prac-
tical clinical delivery of comprehensive HFrEF care.

Pathophysiologic Basis of GDMT in HFrEF

HFrEF is characterized by progressive impairment of left ven-
tricular systolic function accompanied by maladaptive neurohor-
monal activation. Reduced cardiac output leads to compensatory 
activation of the renin–angiotensin–aldosterone system (RAAS) 
and the sympathetic nervous system, initially preserving perfu-
sion but ultimately accelerating myocardial dysfunction, adverse 
ventricular remodeling, and clinical deterioration [3].

Chronic activation of the RAAS promotes vasoconstric-
tion, sodium and water retention, myocardial fibrosis, and 
ventricular hypertrophy, all of which contribute to progressive 
heart failure and increased mortality [6]. Similarly, sustained 
sympathetic nervous system activation results in tachycardia, 
increased myocardial oxygen demand, arrhythmogenesis, and 
direct cardiomyocyte toxicity [3]. These maladaptive mecha-
nisms provide the pathophysiologic rationale for long-standing 
cornerstone therapies such as angiotensin-converting enzyme 
inhibitors, angiotensin receptor blockers, and evidence-based 
beta-blockers.

More recent advances in HFrEF management have ex-
panded the neurohormonal paradigm. Neprilysin inhibition aug-
ments endogenous natriuretic peptides, enhancing vasodilation, 
natriuresis, and inhibition of myocardial fibrosis and hypertro-
phy. The superiority of angiotensin receptor–neprilysin inhibi-
tors over conventional RAAS blockade underscores the impor-
tance of simultaneously suppressing harmful neurohormonal 
pathways while enhancing protective mechanisms [4].

In addition, SGLT2 inhibitors exert favorable effects on 
heart failure outcomes through mechanisms that extend be-
yond glycemic control. Proposed pathways include osmotic 
diuresis, improved myocardial energetics, reduction of preload 
and afterload, attenuation of inflammation, and favorable ef-

fects on renal function, collectively contributing to reduced 
heart failure hospitalization and mortality in patients with 
HFrEF [5].

Aldosterone excess plays a central role in myocardial fi-
brosis, vascular inflammation, and potassium wasting. Min-
eralocorticoid receptor antagonists mitigate these effects and 
provide incremental benefit when added to background RAAS 
inhibition and beta-blockade, further reinforcing the concept 
of comprehensive neurohormonal modulation [6].

Taken together, these pathophysiologic insights form the 
foundation of contemporary GDMT in HFrEF. Effective man-
agement requires not only the use of individual evidence-based 
agents but also their early initiation and combined application 
to counteract multiple maladaptive pathways driving disease 
progression [7, 10].

Contemporary Mechanistic Perspectives

Beyond classical neurohormonal activation, contemporary 
models of HFrEF recognize the contribution of systemic in-
flammation and maladaptive immune activation to progres-
sive ventricular remodeling [11]. Pro-inflammatory cytokines 
promote myocardial fibrosis, apoptosis, and adverse structural 
remodeling.

The cardio-renal-metabolic axis has emerged as an integra-
tive paradigm linking heart failure progression with renal dys-
function, insulin resistance, and metabolic dysregulation [12]. 
Alterations in myocardial energetics—including impaired mi-
tochondrial function and reduced ATP generation—contribute 
to diminished contractile reserve and exercise intolerance [13].

In addition, coronary microvascular dysfunction may 
exacerbate myocardial ischemia in the absence of epicardial 
coronary disease, further promoting adverse remodeling and 
systolic impairment [14]. These mechanistic insights broaden 
the pathophysiologic framework of HFrEF and provide ration-
ale for therapies exerting pleiotropic systemic effects beyond 
traditional neurohormonal modulation.

Foundational Therapies in HFrEF

Contemporary management of HFrEF is centered on the ear-
ly initiation and optimization of four foundational classes of 
GDMT, each targeting distinct yet complementary pathophysi-
ologic pathways. Robust evidence from randomized controlled 
trials has demonstrated that combined use of these agents sig-
nificantly reduces mortality and heart failure–related hospitali-
zations compared with partial or delayed implementation [6, 
7]. The four foundational classes of GDMT in HFrEF and their 
principal clinical benefits are summarized in Table 1.

Renin–angiotensin system inhibition and angiotensin 
receptor–neprilysin inhibitors

Inhibition of the renin–angiotensin system represents a corner-
stone of HFrEF therapy. Angiotensin-converting enzyme inhibi-
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tors and angiotensin receptor blockers reduce afterload, mitigate 
adverse ventricular remodeling, and improve survival in patients 
with HFrEF [3]. However, angiotensin receptor–neprilysin in-
hibitors have demonstrated superior clinical outcomes compared 
with conventional RAAS blockade and are now recommended 
as first-line therapy in eligible patients [4, 6].

Early initiation of angiotensin receptor–neprilysin inhibi-
tors is associated with rapid reductions in natriuretic peptide 
levels and improved clinical stability, supporting their use ear-
ly in the disease course rather than as late substitution therapy 
[10]. Careful monitoring of blood pressure, renal function, and 
serum potassium is essential during initiation and titration.

Evidence-based beta-blockers

Beta-blockers counteract chronic sympathetic nervous system 
activation, reduce heart rate, improve myocardial energetics, 
and reverse adverse ventricular remodeling. Large-scale clini-
cal trials have consistently demonstrated mortality and mor-
bidity benefits with specific agents, including carvedilol, me-
toprolol succinate, and bisoprolol, when used in patients with 
stable HFrEF [3].

Initiation of beta-blocker therapy should occur once pa-
tients are euvolemic and clinically stable, with gradual dose 
titration to target or maximally tolerated doses. Transient 
worsening of symptoms may occur during early titration; 
however, long-term benefits substantially outweigh short-
term hemodynamic effects when therapy is appropriately 
managed [7, 10].

Mineralocorticoid receptor antagonists

Mineralocorticoid receptor antagonists provide incremental 
benefit by attenuating aldosterone-mediated sodium retention, 
myocardial fibrosis, and vascular inflammation. Their addi-
tion to background RAAS inhibition and beta-blockade sig-
nificantly reduces mortality and heart failure hospitalizations 
in patients with HFrEF [6].

Appropriate patient selection and vigilant monitoring are 
critical, particularly in individuals with impaired renal func-
tion or baseline hyperkalemia. When used judiciously, miner-

alocorticoid receptor antagonists represent an essential compo-
nent of comprehensive neurohormonal blockade [9].

SGLT2 inhibitors

SGLT2 inhibitors have emerged as a foundational therapy in 
HFrEF, demonstrating consistent reductions in heart failure hos-
pitalization and cardiovascular mortality irrespective of diabetes 
status [5]. Their rapid onset of benefit, favorable safety profile, 
and minimal impact on blood pressure make them particularly 
attractive for early incorporation into treatment regimens.

Recent randomized trial evidence indicates that the clini-
cal benefits of SGLT2 inhibitors emerge early, with separa-
tion of event curves for heart failure hospitalization observed 
within weeks of therapy initiation, supporting their prioritiza-
tion during the earliest phase of GDMT implementation [5]. 
This early risk reduction is particularly relevant given the high 
vulnerability of patients following diagnosis or recent decom-
pensation and reinforces the concept that timely initiation—
rather than delayed sequencing—may meaningfully influence 
near-term outcomes.

Despite the substantial incremental benefit conferred by 
SGLT2 inhibitors and other foundational therapies, meaningful 
residual morbidity and mortality persist even among patients 
receiving comprehensive quadruple GDMT. This residual risk 
underscores the progressive nature of HFrEF and highlights 
the importance of sustained optimization, close follow-up, and 
consideration of adjunctive pharmacologic or device-based 
therapies when indicated [6, 7].

Importantly, contemporary registry data continue to dem-
onstrate major implementation gaps, with underutilization of 
foundational therapies and low rates of achievement of target 
or maximally tolerated doses in real-world practice [8]. These 
observations emphasize that the clinical impact of SGLT2 in-
hibitors and other disease-modifying agents depends not only 
on efficacy in trials, but also on systematic implementation 
strategies that overcome therapeutic inertia.

Unlike traditional heart failure therapies, SGLT2 inhibitors 
require minimal dose titration and have a low risk of electrolyte 
disturbances or renal dysfunction when appropriately prescribed. 
Current guidelines therefore recommend their use as part of ini-
tial combination therapy in most patients with HFrEF [6, 7].

Table 1.  Foundational Guideline-Directed Medical Therapy in HFrEF

Drug class Key agents Main clinical benefit
ARNI/ACEi/ARB Sacubitril/valsartan; enalapril;  

losartan
Reduced mortality, hospitalization,  
and adverse remodeling

Evidence-based β-blockers Carvedilol; metoprolol succinate;  
bisoprolol

Reduced mortality and sudden cardiac 
death; reverse remodeling

Mineralocorticoid receptor  
antagonists

Spironolactone; eplerenone Reduced mortality and hospitalization;  
antifibrotic effects

SGLT2 inhibitors Dapagliflozin; empagliflozin Reduced HF hospitalization and cardiovascular 
death, irrespective of diabetes

ARNI: angiotensin receptor–neprilysin inhibitor; ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; SGLT2: sodium–
glucose cotransporter 2; HF: heart failure; HFrEF: heart failure with reduced ejection fraction.
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Clinical Integration of Foundational Therapies

Growing evidence supports a strategy of rapid initiation of all 
four foundational therapies at low doses, followed by system-
atic up-titration, rather than sequential introduction of individ-
ual drug classes over prolonged periods [10]. This approach 
maximizes early clinical benefit, reduces the risk of therapeu-
tic inertia, and improves long-term outcomes in patients with 
HFrEF.

Role of Diuretics and Digoxin in HFrEF

While contemporary management of HFrEF prioritizes dis-
ease-modifying GDMT, symptomatic treatments remain es-
sential components of comprehensive care.

Loop diuretics are recommended for the relief of conges-
tion in patients with signs and symptoms of volume overload. 
Although diuretics have not been shown to improve survival, 
they provide rapid symptomatic improvement and reduce pul-
monary and systemic congestion. Clinical trial data support 
their central role in decongestion strategies, particularly in 
acute decompensated heart failure [15]. Careful dose adjust-
ment is required to avoid excessive volume depletion, renal 
dysfunction, and electrolyte disturbances.

Digoxin may be considered in selected patients with per-
sistent symptoms despite optimized GDMT, particularly in 
those with concomitant atrial fibrillation requiring additional 
rate control. The Digitalis Investigation Group trial demon-
strated a reduction in heart failure–related hospitalizations 
without a significant effect on overall mortality [16]. Given 
its narrow therapeutic index, close monitoring of serum levels 
and renal function is necessary, especially in elderly patients 
and those with impaired renal function.

Sequencing and Rapid Initiation of GDMT

Traditional approaches to the management of HFrEF have of-
ten relied on a stepwise and sequential introduction of indi-
vidual drug classes over several months. Although historically 
pragmatic, this strategy may delay comprehensive neurohor-
monal blockade and prolong exposure to elevated risk during 
the early and vulnerable phase following diagnosis or clinical 
decompensation. Accumulating trial data and contemporary 
registry analyses increasingly support a paradigm shift toward 
earlier and more comprehensive initiation of disease-modify-
ing therapy [6, 7, 10].

Rather than prioritizing achievement of target doses for 
a single agent before introducing the next, current evidence 
favors early exposure to all four foundational classes of 
GDMT—renin–angiotensin system inhibition (preferably with 
angiotensin receptor–neprilysin inhibitors), evidence-based 
beta-blockers, mineralocorticoid receptor antagonists, and 
SGLT2 inhibitors. Early implementation has been associated 
with rapid and clinically meaningful reductions in heart fail-
ure hospitalization and cardiovascular mortality, with benefits 
emerging within weeks of therapy initiation [5].

A practical implementation framework that has gained 
increasing attention is the “four drugs in 4 weeks” strategy. 
This approach emphasizes initiation of all four foundational 
therapies within the first month following diagnosis or clini-
cal stabilization, followed by systematic up-titration to maxi-
mally tolerated doses. By prioritizing early exposure to each 
prognostically beneficial agent, this model seeks to minimize 
delays in risk reduction and reduce therapeutic inertia, which 
remains a major barrier in real-world practice.

Principles of Rapid Sequencing

Rapid sequencing does not imply simultaneous high-dose ini-
tiation. Instead, it involves introducing each foundational ther-
apy at a low starting dose in a clinically stable and euvolemic 
patient, followed by close follow-up and structured dose esca-
lation. The majority of mortality benefit associated with these 
agents appears to derive from treatment initiation itself, even 
at submaximal doses, reinforcing the importance of early de-
ployment rather than delayed optimization [10].

SGLT2 inhibitors can generally be initiated early due to 
their favorable safety profile, minimal hemodynamic effects, 
and lack of requirement for dose titration. Angiotensin recep-
tor–neprilysin inhibitors should be introduced once blood pres-
sure and renal function permit, with careful monitoring during 
dose escalation. Beta-blockers should be initiated in clinically 
stable, euvolemic patients, recognizing that transient worsen-
ing of symptoms may occur during early titration but should 
not prompt premature discontinuation in the absence of true 
intolerance. Mineralocorticoid receptor antagonists may be in-
corporated early in patients without significant hyperkalemia 
or advanced renal dysfunction.

Clinical Considerations Influencing Sequenc-
ing

Although the overarching goal is early comprehensive thera-
py, individual patient phenotype should inform prioritization. 
In patients with borderline blood pressure, early initiation of 
SGLT2 inhibitors and mineralocorticoid receptor antagonists 
may be advantageous due to their relatively modest impact 
on systemic blood pressure. Conversely, in patients with el-
evated resting heart rate or concomitant atrial fibrillation, 
earlier introduction and cautious up-titration of beta-blockers 
may provide additional symptomatic and prognostic benefit. 
In individuals with chronic kidney disease, renin–angioten-
sin system inhibition and SGLT2 inhibition should not be 
withheld unnecessarily, but careful laboratory monitoring is 
essential.

Importantly, rapid sequencing must be accompanied by 
structured follow-up, ideally within 1–2 weeks after initiation 
or dose adjustment. Regular assessment of blood pressure, 
heart rate, renal function, and serum electrolytes facilitates 
safe up-titration and reinforces adherence. A protocol-driven, 
multidisciplinary approach may further enhance successful 
implementation and reduce clinical inertia [7, 10]. A practi-
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cal, phenotype-guided implementation framework integrating 
rapid initiation, structured up-titration, and individualized pri-
oritization is summarized in Figure 1.

Up-Titration Strategies and Common Pitfalls

Achieving target or maximally tolerated doses of GDMT is a 
key determinant of long-term outcomes in HFrEF. Neverthe-
less, real-world studies consistently demonstrate low rates of 
successful up-titration, often due to clinician hesitation, inad-
equate follow-up, or misattribution of symptoms to therapy-
related adverse effects [8]. Key initiation criteria, contraindi-
cations, and monitoring parameters for GDMT in HFrEF are 
outlined in Table 2.

Principles of safe up-titration

Dose up-titration should be gradual, structured, and guided by 
frequent clinical assessment. Blood pressure, heart rate, renal 
function, and serum electrolytes should be monitored closely, 
particularly following initiation or dose escalation of renin–
angiotensin system inhibitors and mineralocorticoid receptor 
antagonists [6]. Transient changes in renal function or mild 
hypotension are common during up-titration and should not 
automatically prompt therapy discontinuation. In many cases, 
adjustment of diuretic dose or temporary modification of titra-
tion speed allows continuation of disease-modifying therapy 
without compromising safety [9].

Common pitfalls in clinical practice

Common barriers to successful up-titration include excessive 
concern regarding asymptomatic hypotension, underrecogni-
tion of congestion, and premature cessation of therapy in re-
sponse to modest laboratory abnormalities. Polypharmacy 
and fragmented care further contribute to therapeutic inertia, 
particularly in older patients with multiple comorbidities [8]. 
Addressing these challenges requires a proactive, multidisci-
plinary approach, with clear treatment goals, patient education, 
and structured follow-up. When implemented effectively, sys-
tematic up-titration strategies substantially increase the pro-
portion of patients receiving optimal doses of evidence-based 
therapies [10]. Table 3 provides a practical, implementation-
oriented framework linking common clinical barriers to tar-
geted strategies designed to facilitate safe and comprehensive 
GDMT optimization.

Management of Special Populations

Optimization of GDMT in HFrEF requires careful adaptation in 
specific patient populations, in whom standard treatment strate-
gies may be limited by comorbidities, hemodynamic instability, 
or treatment intolerance. Individualized decision-making is essen-
tial to balance prognostic benefit against safety concerns [6, 7].

Chronic kidney disease

Chronic kidney disease is highly prevalent among patients 
with HFrEF and is associated with worse clinical outcomes. 
Although concerns regarding renal dysfunction often lead to 
underutilization of disease-modifying therapies, substantial 
evidence supports the use of renin–angiotensin system inhibi-
tors, mineralocorticoid receptor antagonists, and SGLT2 inhib-
itors in patients with mild to moderate renal impairment [5, 6]. 
Transient increases in serum creatinine following initiation of 
renin–angiotensin system inhibition are common and usually 
reflect hemodynamic changes rather than true renal injury. In 
most cases, therapy should be continued with close monitor-
ing, as long-term renal and cardiovascular benefits outweigh 
short-term laboratory changes [9].

Hypotension

Low blood pressure frequently complicates the management 
of HFrEF and represents a major barrier to GDMT optimiza-
tion. Importantly, asymptomatic hypotension should not auto-
matically prompt dose reduction or discontinuation of disease-
modifying therapies. In such cases, reassessment of volume 
status and reduction of non-prognostic medications, including 
excessive diuretic dosing or vasodilators without mortality 
benefit, should be prioritized [10]. SGLT2 inhibitors and min-
eralocorticoid receptor antagonists are particularly valuable in 
hypotensive patients due to their minimal effects on systemic 
blood pressure [5, 9].

Atrial fibrillation and bradyarrhythmias

Atrial fibrillation commonly coexists with HFrEF and compli-
cates heart rate control and beta-blocker titration. In patients 
with uncontrolled ventricular rates, cautious up-titration of 
beta-blockers remains essential, while excessive bradycardia 
may necessitate dose adjustment or consideration of device 
therapy [7].

Device Therapy and Advanced HFrEF

Although pharmacologic therapy remains the cornerstone of 
HFrEF management, device-based interventions provide sub-
stantial incremental benefit in appropriately selected patients. 
Device therapy should generally be considered after at least 3 
months of optimized GDMT, allowing time for potential re-
verse remodeling and reassessment of left ventricular ejection 
fraction (LVEF) [6, 7].

Implantable cardioverter-defibrillator (ICD)

ICD therapy is recommended for the primary prevention of 
sudden cardiac death in patients with the following: 1) LVEF 
≤ 35%; 2) persistent systolic dysfunction despite ≥ 3 months 



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   https://cr.elmerpub.com66

Implementing GDMT in HFrEF Cardiol Res. 2026;17(2):61-71

Figure 1. Practical phenotype-guided framework for rapid initiation and optimization of guideline-directed medical therapy 
(GDMT) in patients with heart failure with reduced ejection fraction (HFrEF). The algorithm emphasizes early initiation of all four 
foundational therapies (“four drugs in 4 weeks”) followed by structured up-titration and phenotype-specific prioritization. ARNI: 
angiotensin receptor–neprilysin inhibitor; ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; 
MRA: mineralocorticoid receptor antagonist; SGLT2i: sodium–glucose cotransporter 2 inhibitor; BP: blood pressure; HR: heart 
rate; ICD: implantable cardioverter-defibrillator; CRT: cardiac resynchronization therapy; LVEF: left ventricular ejection fraction; 
SBP: systolic blood pressure.
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of optimized GDMT; 3) New York Heart Association (NYHA) 
class II–III symptoms; and 4) reasonable life expectancy (> 1 
year) with good functional status.

ICD therapy significantly reduces arrhythmic mortal-
ity but does not directly improve heart failure symptoms or 
reverse ventricular remodeling. Therefore, careful patient 
selection is essential, particularly in elderly or frail individu-
als where competing non-arrhythmic mortality may attenuate 
overall benefit. Shared decision-making remains central to ap-
propriate implementation.

Cardiac resynchronization therapy (CRT)

CRT improves ventricular synchrony, promotes reverse re-
modeling, reduces heart failure hospitalization, and improves 
survival in selected patients. CRT is recommended in individu-
als with the following: 1) LVEF ≤ 35%; 2) NYHA class II–IV 

symptoms despite optimized GDMT; 3) QRS duration ≥ 130 
ms; and 4) left bundle branch block (LBBB) morphology.

The magnitude of benefit is greatest in patients with 
LBBB morphology and QRS duration ≥ 150 ms. Sinus rhythm 
is preferred; however, patients with atrial fibrillation may ben-
efit when a strategy ensuring effective biventricular pacing is 
implemented. Device therapy should complement—not substi-
tute—optimized GDMT.

The integrated pharmacologic and device-based treatment 
pathway for symptomatic HFrEF, including criteria for ICD 
and CRT consideration, is summarized in Figure 2.

Advanced Heart Failure and Referral Consid-
erations

Despite comprehensive GDMT and appropriate device-based 
interventions, a subset of patients progress to advanced heart 

Table 3.  Implementation Barriers to Optimal GDMT and Targeted Strategies for Resolution

Barrier category Clinical scenario Mechanistic concern Targeted implementation strategy
Hemodynamic limitation Borderline blood pressure Risk of symptomatic 

hypotension
Prioritize SGLT2i and MRA; reduce non-
prognostic vasodilators; adjust diuretics 
before down-titrating GDMT

Renal dysfunction Rising creatinine after 
RAAS initiation

Fear of progressive 
kidney injury

Accept mild transient increase; reassess volume 
status; continue therapy with close monitoring

Hyperkalemia Elevated potassium during 
RAAS/MRA therapy

Risk of arrhythmia Dose adjustment; dietary counseling; potassium 
binders; avoid unnecessary discontinuation

Persistent congestion Ongoing edema or dyspnea Misattribution to 
GDMT intolerance

Optimize loop diuretics; confirm euvolemia 
before limiting disease-modifying therapy

Clinical inertia Delay in initiating 
multiple therapies

Concern about polypharmacy 
or tolerability

Implement “four drugs in 4 weeks” 
strategy; protocol-driven low-dose 
initiation; follow-up within 1–2 weeks

Fragmented follow-up Lack of structured 
reassessment

Failure to titrate 
toward target doses

Multidisciplinary HF clinics; nurse-led titration 
pathways; scheduled laboratory surveillance

Elderly or frail phenotype Advanced age with 
comorbidities

Fear of intolerance or falls Start low, titrate slowly; deprescribe non-
essential drugs; shared decision-making

GDMT: guideline-directed medical therapy; MRA: mineralocorticoid receptor antagonist; SGLT2i: sodium–glucose cotransporter 2 inhibitor; RAAS: 
renin–angiotensin–aldosterone system.

Table 2.  Initiation Criteria, Contraindications, and Monitoring for GDMT in HFrEF

Therapy Key initiation criteria Major contraindications Monitoring parameters
ARNI/ACEi/ARB SBP ≥ 90–100 mm Hg;  

stable renal function
History of angioedema; pregnancy; 
severe hyperkalemia

BP, serum creatinine, 
potassium

β-blockers Euvolemic, clinically  
stable patient

Cardiogenic shock; severe 
bradycardia; advanced AV block

HR, BP, symptoms 
of congestion

MRA eGFR ≥ 30 mL/min/1.73 m2;  
K ≤ 5.0 mmol/L

Severe renal dysfunction;  
hyperkalemia

Potassium, renal  
function

SGLT2 inhibitors Stable HFrEF with or without  
diabetes

Type 1 diabetes; active ketoacidosis Renal function, volume status

HFrEF: heart failure with reduced ejection fraction; GDMT: guideline-directed medical therapy; ARNI: angiotensin receptor–neprilysin inhibitor; ACEi: 
angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; MRA: mineralocorticoid receptor antagonist; SGLT2: sodium–glucose 
cotransporter 2; BP: blood pressure; HR: heart rate; SBP: systolic blood pressure; AV: atrioventricular.
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failure characterized by persistent symptoms, recurrent de-
compensation, and progressive end-organ dysfunction. Early 
identification of patients at risk for clinical deterioration is es-
sential to facilitate timely referral to specialized heart failure 
centers.

Referral red flags

Clinical features that should prompt consideration of refer-
ral for advanced heart failure evaluation include: 1) ≥ 2 heart 
failure hospitalizations within 12 months; 2) progressive renal 
dysfunction despite optimized therapy; 3) escalating diuretic 
requirements to maintain euvolemia; 4) symptomatic hypoten-
sion limiting further GDMT optimization; and 5) persistent 
NYHA class III–IV symptoms despite comprehensive therapy.

In addition to these clinical indicators, INTERMACS 
(Interagency Registry for Mechanically Assisted Circulatory 
Support) profiling provides a structured framework to strat-
ify severity and trajectory of advanced disease [17]. Patients 
classified within INTERMACS profiles 4–7 often represent a 
critical window for referral before irreversible end-organ dys-
function develops. Profiles 1–3 reflect more advanced hemo-
dynamic compromise and may necessitate urgent mechanical 
circulatory support.

Recognition of a declining clinical trajectory—rather than 
waiting for refractory cardiogenic shock—supports proactive 
referral strategies and may expand eligibility for durable me-
chanical circulatory support or heart transplantation. Delayed 
referral until end-stage disease may limit therapeutic options 

and adversely affect outcomes [7]. Comprehensive manage-
ment of advanced HFrEF also includes structured non-phar-
macologic interventions aimed at improving functional capac-
ity and long-term stability.

Role of Cardiac Rehabilitation in HFrEF

Comprehensive management of HFrEF extends beyond phar-
macologic and device-based therapies. Structured cardiac re-
habilitation, incorporating supervised exercise training, patient 
education, lifestyle modification, and psychosocial support, 
represents an essential but frequently underutilized component 
of contemporary heart failure care.

Randomized clinical trials and meta-analyses have dem-
onstrated that exercise-based cardiac rehabilitation improves 
peak oxygen uptake, functional capacity, and health-related 
quality of life in patients with HFrEF. In addition, participa-
tion in structured rehabilitation programs has been associated 
with reductions in heart failure–related hospitalization, al-
though mortality effects have been more variable across stud-
ies. Contemporary guidelines therefore recommend exercise 
training as a class I intervention in clinically stable patients 
with HFrEF [6, 7].

Beyond physiologic benefits, cardiac rehabilitation en-
hances self-management skills, medication adherence, dietary 
optimization, and early recognition of decompensation—fac-
tors that are central to successful implementation of GDMT. 
Importantly, referral rates to rehabilitation programs remain 
suboptimal, particularly among elderly patients, women, and 

Figure 2. Stepwise treatment algorithm for patients with symptomatic heart failure with reduced ejection fraction (HFrEF). ACEi: 
angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; ARNI: angiotensin receptor–neprilysin inhibitor; 
CRT: cardiac resynchronization therapy; HR: heart rate; ICD: implantable cardioverter-defibrillator; LVAD: left ventricular assist 
device; LVEF: left ventricular ejection fraction.
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socioeconomically disadvantaged populations.
Integration of cardiac rehabilitation into a multidiscipli-

nary heart failure care pathway may improve long-term out-
comes by complementing neurohormonal modulation with 
improvements in functional reserve, endothelial function, 
autonomic balance, and skeletal muscle metabolism. As with 
pharmacologic therapy, early referral following stabilization 
or hospitalization may maximize benefit. Thus, cardiac reha-
bilitation should be viewed not as an adjunctive afterthought, 
but as a foundational component of comprehensive HFrEF 
management.

Follow-Up and Prognosis

Regular follow-up is a critical component of successful HFrEF 
management and is essential for ensuring sustained adherence, 
safe up-titration of therapy, and early identification of clinical 
deterioration. Patients undergoing initiation or escalation of 
GDMT require close monitoring of blood pressure, heart rate, 
renal function, and serum electrolytes, particularly during the 
first weeks of treatment [6, 10].

Long-term prognosis in HFrEF has improved substan-
tially with contemporary GDMT; however, residual morbid-
ity and mortality remain significant. Observational studies and 
clinical trials consistently demonstrate that patients receiving 
comprehensive, optimized GDMT experience lower rates of 
hospitalization and improved survival compared with those re-
ceiving partial therapy [8].

Importantly, evidence suggests that achievement of dis-
ease-modifying therapy, even at submaximal doses, confers 
meaningful prognostic benefit. This underscores the impor-
tance of early initiation, continued follow-up, and systematic 
optimization of therapy throughout the disease course [10].

Contemporary Controversies and Evolving 
Perspectives in HFrEF Management

Despite the remarkable therapeutic advances achieved with 
contemporary GDMT, several areas of ongoing debate and un-
certainty persist in the management of HFrEF. These contro-
versies reflect the heterogeneity of the HFrEF population, lim-
itations in trial representation, and the evolving understanding 
of ventricular remodeling biology.

GDMT in elderly and frail patients

Older adults constitute an expanding proportion of the HFrEF 
population and frequently present with multimorbidity, poly-
pharmacy, sarcopenia, cognitive impairment, and varying 
degrees of frailty [18]. Although landmark randomized tri-
als consistently demonstrate preserved relative risk reduction 
across age strata, elderly and frail individuals remain under-
represented in pivotal studies, creating uncertainty regarding 
tolerability and real-world applicability.

Clinical hesitation in this population often stems from 

concerns about hypotension, renal dysfunction, electrolyte im-
balance, falls, and drug–drug interactions. However, contem-
porary analyses suggest that while absolute rates of adverse ef-
fects may be higher, the proportional benefit of neurohormonal 
therapies remains substantial [9]. Frailty itself is an independ-
ent predictor of mortality and hospitalization, and therapeutic 
conservatism may inadvertently compound risk.

A nuanced strategy is therefore required—emphasiz-
ing low starting doses, slower titration, close laboratory sur-
veillance, deprescribing of non-prognostic medications, and 
shared decision-making. Chronological age alone should not 
be considered a contraindication to foundational GDMT. In-
stead, individualized risk–benefit assessment should guide im-
plementation.

HFimpEF

The recognition of HFimpEF has introduced important con-
ceptual and therapeutic questions. Increasing use of compre-
hensive GDMT has led to a growing subset of patients dem-
onstrating reverse remodeling and meaningful improvement 
in LVEF. Whether this represents true myocardial recovery or 
pharmacologically maintained remission remains debated.

The TRED-HF trial demonstrated that withdrawal of neu-
rohormonal therapy in patients with recovered dilated cardio-
myopathy was associated with a high rate of relapse of ven-
tricular dysfunction [19]. These findings suggest that apparent 
recovery frequently reflects disease control rather than cure. 
Consequently, discontinuation or down-titration of GDMT in 
HFimpEF may expose patients to renewed remodeling and 
clinical deterioration.

Current consensus therefore favors continuation of foun-
dational therapies in most patients with HFimpEF, barring in-
tolerance or contraindication. This phenotype highlights the 
dynamic and potentially reversible nature of ventricular re-
modeling, while simultaneously reinforcing the need for sus-
tained neurohormonal modulation.

Sex-based differences in HFrEF

Sex-related differences in heart failure epidemiology and 
therapeutic response remain incompletely characterized. Al-
though HFrEF is more prevalent in men, women often pre-
sent at older ages and with a greater burden of comorbidities. 
Importantly, women have historically been underrepresented 
in major heart failure trials, limiting the granularity of sex-
specific analyses [20].

Available data suggest that women derive comparable rel-
ative benefit from foundational GDMT; however, differences 
in pharmacokinetics, body composition, autonomic tone, and 
blood pressure profiles may influence tolerability and dosing 
patterns. Emerging evidence also suggests potential variation 
in ventricular remodeling trajectories and arrhythmic risk. 
Recognition of sex-based disparities is essential to ensure eq-
uitable GDMT implementation and to avoid systematic under-
treatment. Future prospective trials specifically powered for 
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sex-based comparisons are needed to refine individualized 
therapeutic strategies.

De-escalation strategies and residual risk despite quadru-
ple therapy

The advent of quadruple foundational therapy has dramatically 
improved survival in HFrEF, yet substantial residual mortal-
ity and morbidity persist. Even under optimal implementation 
scenarios, modeling studies demonstrate that long-term risk 
remains considerable, reflecting ongoing myocardial injury, 
arrhythmogenesis, comorbid burden, and incomplete mecha-
nistic targeting [21].

At the same time, increasing therapeutic complexity has 
prompted questions regarding de-escalation in clinically stable 
patients, particularly those with improved LVEF or borderline 
blood pressure. Current evidence does not support routine 
withdrawal of disease-modifying therapy in stable HFrEF, and 
premature de-escalation may reverse gains in ventricular re-
modeling. Rather than focusing on therapy reduction, contem-
porary management strategies emphasize sustained optimiza-
tion, aggressive implementation of all evidence-based classes, 
identification of residual risk markers, and timely considera-
tion of adjunctive pharmacologic, device-based, or advanced 
therapies.

Key Clinical Take-Home Messages

Prioritize early, comprehensive initiation of all four founda-
tional GDMT classes rather than prolonged stepwise sequenc-
ing. Adopt a practical “four drugs in four weeks” strategy, fol-
lowed by structured, protocol-driven up-titration with close 
early follow-up. SGLT2 inhibitors confer early clinical ben-
efit, reinforcing the importance of timely deployment during 
the vulnerable post-diagnosis phase. Most barriers to opti-
mization (hypotension, renal dysfunction, hyperkalemia) are 
manageable and should not routinely lead to discontinuation 
of life-saving therapy. Despite quadruple therapy, residual risk 
persists—sustained optimization, phenotype-guided prioritiza-
tion, and timely device or advanced HF referral are essential. 
Cardiac rehabilitation and multidisciplinary follow-up are in-
tegral components of comprehensive HFrEF management and 
support long-term implementation success.
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