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1. Introduction

Practical questions concerning the sequence, timing, initial 
doses, and subsequent titration strategies of foundational 
drugs constituting comprehensive disease-modifying ther-
apy (CDMT) in patients with heart failure and reduced ejec-
tion fraction (HFrEF) remain unclear. Such therapy is also 
known as “quadruple” or “four pillars” therapy, and it con-
sists of an angiotensin-converting enzyme inhibitor (ACE-I) 
or angiotensin receptor-neprilysin inhibitor (ARNi), beta- 
blocker, mineralocorticoid receptor antagonist (MRA), and 
sodium-glucose co-transporter 2 (SGLT2) inhibitor. This 
pharmacologic armamentarium nowadays should represent 
a standard of care for HFrEF syndrome as these agents 
significantly curbed mortality and HF-related hospitaliza-
tions in randomized clinical trials. Similar to patients with 
acute myocardial infarction (AMI), patients with decompen-
sated chronic or de novo HFrEF are at increased risk of 
sudden cardiac death (SCD) and readmission in the early 
post-discharge period – also known as the “vulnerable 
phase” [1]. For this reason, avoidance of unnecessary delays 
and rapid initiation of life-saving therapies are of paramount 
importance to mitigate syndrome progression and improve 
prognosis. In fact, according to the conceptual framework 
provided by Abdin and colleagues “time-to-treatment initia-
tion” should be acknowledged as an important modifiable 
risk factor in HFrEF, and once this timeframe is narrowed, 
optimization of initiated treatments (meaning up-titration to 
target doses reached in pivotal trials or maximally tolerated 
doses) is crucial to gain most of clinical benefits [1]. 
Therefore, each HF hospitalization episode should be per-
ceived as a teachable moment and opportunity to initiate, 
optimize, and/or switch life-saving therapies to improve 
post-discharge outcomes of patients with HFrEF [2].

2. An argument for comprehensive vs. conventional 
disease-modifying therapy in HFrEF

There is solid evidence derived from real-world data and 
randomized studies reinforcing the concept that initiation 

and maintenance/optimization of CDMT provides substantial 
mortality and morbidity benefits in the HFrEF population. 
Equally so, accumulating data shows that early in-hospital 
initiation of these drugs can be a feasible and safe manage-
ment strategy that should be employed on an individual 
patient basis and strongly considered at least before patient 
discharge from the hospital [2]. Of note, a seminal analysis by 
Vaduganathan et al. recently examined the impact of CDMT 
consisting of ARNI, beta-blocker, MRA, and SGLT2 inhibitor 
versus conventional standard of care consisting of ACE-I or 
angiotensin-receptor blocker (ARB) plus beta-blocker on 
event-free and overall survival among patients with HFrEF 
[3]. The results clearly demonstrated the robust gain in survival 
as HFrEF patients treated with CDMT compared to those 
treated conventionally gained 2.7–8.3 additional years free 
from cardiovascular death or first HF-related hospitalization, 
while their overall survival was prolonged by 1.4–6.3 years.

3. An argument for persistent up-titration and 
optimization of CDMT in HFrEF

The aim to uptitrate and optimize HF therapies in a sequential 
fashion is a well-substantiated and proven concept estab-
lished from before; however, data show that it is often not 
reached in contemporary clinical practice. For example, a US- 
based study showed that only 13% of discharged HFrEF 
patients were treated with triple guideline-directed medical 
therapy, while 41% of patients were prescribed two drugs, 
thus implicating that nearly 1 in 2 of patients with HFrEF 
were discharged with monotherapy or no therapy [4]. 
Similarly, nearly half (46%) of those patients who received 
post-discharge CDMT did not have any dose escalation, 
while at the same time, the consistent trend of reduction in 
death or rehospitalizations was observed as the number of 
CDMT agents increased during the follow-up period. Data 
from the same registry also showed that most eligible HFrEF 
patients did not receive target doses of life-saving therapies at 
any point during follow-up, while less than 1% of all patients 
were simultaneously treated with a target dose of ACE-I/ARB/ 
ARNI, beta-blocker, and MRA [5]. Poor patterns of dose 
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titration and high drug discontinuation rates were also con-
firmed in a large multinational observational analysis that 
examined data from health care databases in Sweden, the 
UK, and the US, thus showing that the traditional approach 
of the sequential and prolonged introduction of CDMT in 
HFrEF is largely inadequate and exposes patients to excess 
risk of death and clinical worsening [6]. Taken together, cover-
age of all foundational therapies and persistent up-titration 
and optimization of CDMT post-discharge is a crucial step and 
urgently needed in HFrEF as it is strongly associated with 
improved clinical outcomes.

4. An argument for in-hospital or earliest possible 
initiation of CMDT in HFrEF

Expert initiatives proposing a faster and simpler strategy of 
CDMT introduction for HFrEF have emerged recently with 
blueprints for rapid sequence or simultaneous initiation of life- 
saving drugs with subsequent optimization. This concept is 
not yet largely embraced in clinical practice due to the inter-
play of complex factors such as clinical inertia and clinician’s 
fear of adverse events, heterogeneous, and ambiguous per-
ceptions of hemodynamic stability, but also patient character-
istics such as intolerance or allergies to certain drugs, 
increased risk of drug interactions, presence of renal dysfunc-
tion, hyperkalemia, symptomatic hypotension, and/or socio-
demographic paramedical factors (e.g. reimbursement issues, 
insurance coverage for novel therapies, etc). Nevertheless, as 
responsible clinicians, we should strive to offer our HFrEF 
patients the best possible protection from future adverse 

events by covering them with foundational therapies, when-
ever and as earliest as possible. For example, Khan et al. 
proposed simultaneous initiation of all four foundational 
drugs in low doses for treating HFrEF with an algorithm that 
allows for dose up-titration and optimization to be reached in 
as fast as 6 weeks versus a conventional sequential approach 
that usually takes 28–56 weeks before the CDMT is fully opti-
mized [7]. Similarly, Packer and McMurray provided a rapid 
sequencing algorithm that allows for patients with HFrEF to 
receive quadruple foundational therapy within 4 weeks in 
three flexible steps followed by the dose optimization [8]. 
A similar or combined approach of initiation, optimization, 
and reassessment of CDMT in patients with HFrEF has been 
distilled and is proposed in Figure 1.

Available randomized data from PIONEER-HF and 
TRANSITION trials showed that initiation of sacubitril/valsartan 
following hemodynamic stabilization in HFrEF patients hospi-
talized for acute decompensation event was safe and feasible 
and could be started in-hospital or shortly after discharge 
[9,10]. Convincing results from the PIONEER-HF trial taught 
us that the initiation of treatment with sacubitril-valsartan at 
the median of 68 hours after initial presentation to hospital for 
acute decompensated HF was associated with a significantly 
greater reduction in circulating natriuretic peptides, compared 
to enalapril treatment [9]. Such dynamics were also accompa-
nied by a reduction in levels of high-sensitivity cardiac tropo-
nin T, which is an established biomarker of myocardial injury 
associated with poor prognosis in patients with HF. Likewise, 
rates of rehospitalizations for HF following 8 weeks post- 
discharge were lower in the sacubitril-valsartan group 

Figure 1. A proposed scheme depicting common barriers to in-hospital initiation of comprehensive disease-modifying pharmacotherapies for heart failure with 
reduced ejection fraction (HFrEF) and a pathway showing the possibility of in-hospital initiation of all four foundational classes of drugs in the lowest and/or most- 
tolerable doses for the individual patient. The proposed management plan consists of three steps: 1) in-hospital initiation, 2) post-discharge optimization, and 3) 
assessment of treatment (potential escalation/de-escalation, introduction of additional therapies if needed).
Abbreviations: ACE-I-angiotensin-converting enzyme inhibitor; ARNi-angiotensin receptor-neprilysin inhibitor; MRA-mineralocorticoid antagonist; SGLT2-sodium glucose co-transporter 
2*for patients in whom starting the quadruple foundational therapy is not possible, the concomitant initiation of SGLT2 inhibitor and beta-blocker at minimum should be considered prior 
to hospital discharge (red lines)**ARNi should be initiated in the lowest dose prior to hospital discharge but could be also introduced de novo or to preferably replace ACE-I within 2– 
4 weeks post-discharge, depending on blood pressure (blue line)***MRA could be introduced as a last of four drugs in the initial dose of 25 mg once-daily within 2–4 weeks post-discharge 
depending on blood pressure, renal function, and serum potassium levels (purple line). 
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compared to the group randomized to enalapril with no dif-
ference in safety outcomes between examined groups. Similar 
findings were observed in the real-life non-selected HFrEF 
population in whom sacubitril/valsartan was initiated during 
hospitalization [11]. The early initiation of SGLT2 inhibitor 
sotagliflozin before or within 3 days following discharge was 
tested in the population of patients with recent worsening of 
HF and diabetes mellitus (SOLOIST-WHF trial), thus showing 
that such use of SGLT2 inhibitor was safe and associated with 
significant mortality and morbidity benefits [12]. This multi-
center, double-blind randomized trial showed that administra-
tion of the first dose of sotagliflozin before hospital discharge 
or at the median of 2 days after discharge was associated with 
a 33% relative risk reduction in the rate of primary endpoint 
consisting of death from cardiovascular causes and hospitali-
zations or urgent visits for HF, compared to placebo treat-
ment. It is important to highlight that beneficial sotagliflozin- 
mediated effects were observed early and were achieved irre-
spective of baseline ejection fraction and on top of high 
coverage with other established life-saving therapies for HF. 
Promising data also comes from the EMPA-RESPONSE-AHF 
trial conducted in the acute HF (AHF) setting, in which initia-
tion of 10 mg empagliflozin on top of standard-of-care treat-
ment was started within 24 hours of hospitalization [13]. Of 
note, more than half of patients in this trial experienced an 
acute exacerbation of chronic HF. This trial demonstrated that 
early empagliflozin initiation was safe and associated with 
increased urinary output and reduced combined endpoint of 
worsening HF, rehospitalization for HF, or death at 60 days. 
Furthermore, a propensity score-matched analysis showed 
that in-hospital initiation of MRAs among heterogeneous 
patients with AHF event (of which ≈40% were those with 
chronic HF) was safe and associated with significantly reduced 
in-hospital mortality, while this effect was independent of 
known prognostic factors and co-administered intravenous 
and oral HF therapies [14]. Similarly, a recent analysis from 
the Kyoto Congestive Heart Failure registry demonstrated that 
early heart rate (HR) modulation in hemodynamically stabi-
lized patients with acute decompensated HF with beta- 
blockers was associated with significant in-hospital mortality 
reduction, while no safety concerns were raised [15]. Finally, 
additional therapies that could further improve morbidity and 
mortality outcomes and increase quality of life, beyond foun-
dational pharmacotherapy, should also be strongly considered 
for selected patients with HFrEF. These treatments include 
intravenous ferric carboxymaltose, vericiguat, omecamtiv 
mecarbil, ivabradine, and cardiac resynchronization therapy 
(CRT); however, these are out of the scope of this article.

5. Conclusions

Accumulating data show that it is critically important to miti-
gate substantial risks of death and rehospitalizations in the 
HFrEF population as soon as possible, and this can only be 
achieved by prompt initiation and persistent up-titration of all 
foundational life-saving therapies in all eligible patients, pre-
ferably during hospitalization or at least before discharge. 
Such treatment strategy calls for the shift of the paradigm 
from slow and sequential to rapid and efficacious targeting of 

key pathophysiological culprits in HFrEF to improve both 
quantity and the quality of life of these patients.

Expert opinion
Based on the accumulating evidence from both randomized and registry- 
derived data, in my opinion, the early implementation of disease-modify-
ing pharmacotherapy in heart failure with reduced ejection fraction 
(HFrEF) should be embraced in contemporary clinical practice. This treat-
ment approach should integrate foundational life-prolonging medications 
including beta-blockers, angiotensin receptor-neprilysin inhibitors or 
angiotensin-converting enzyme inhibitors, mineralocorticoid receptor 
antagonists, and sodium-glucose co-transporter 2 inhibitors. These medi-
cations should be initiated, whenever possible, in the lowest dose to 
simultaneously target several pathophysiological pathways that contri-
bute to HFrEF syndrome progression. Once successfully initiated, these 
medications should be up titrated to maximally tolerated doses in a rapid 
sequence rather than a conventional sequence approach.
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