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Abstract

Despite advances in guideline-directed medical therapy (GDMT), heart failure with reduced ejection fraction (HFrEF) remains a progres-
sive condition with high morbidity and mortality. Vericiguat, a soluble guanylate cyclase (sGC) stimulator, represents a novel therapeutic
class that augments the nitric oxide–sGC–cyclic guanosine monophosphate (cGMP) pathway, which is impaired in HFrEF. The VICTO-
RIA trial demonstrated that vericiguat significantly reduced the composite endpoint of cardiovascular death or heart failure hospitalization
(HFH) in high-risk patients following a worsening event. Recent data from the VICTOR trial and subsequent pooled analyses suggest
broader applicability, indicating that vericiguat may signal a potential mortality benefit in selected stable, ambulatory HFrEF patients
with elevated natriuretic peptides but without recent hospitalization. The safety profile is favorable, with hypotension being the most
common adverse event. Overall, vericiguat offers a valuable therapeutic option for a wide spectrum of HFrEF patients. Moreover, the
ability of vericiguat to improve outcomes in both post-worsening and selected high-risk stable populations suggests this sGC stimulator
may serve as a critical fifth component of GDMT, offering a new avenue for a personalized approach to HFrEF treatment. This review
synthesizes key clinical evidence to elucidate the role of vericiguat in modern HFrEF management.
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1. Introduction
Heart failure (HF) is a clinical syndrome defined

by symptoms such as fatigue, dyspnea, and peripheral
swelling, and by signs including elevated jugular venous
pressure, pulmonary crackles, and peripheral oedema. It
results from structural or functional cardiac abnormalities
that lead to inadequate cardiac output and elevated intrac-
ardiac pressures [1].

The incidence of HF has declined in industrialized
countries over recent decades, largely due to advances in
cardiovascular prevention strategies. The estimated preva-
lence is between 1% and 2% in the general adult population,
rising to more than 10% in individuals over 70 years of age
[1–3].

The primary initiating factor in chronic HF is ventric-
ular remodeling, which induces structural changes (dilata-
tion, hypertrophy, fibrosis) and functional abnormalities
(systolic and/or diastolic dysfunction) of the myocardium
[4]. This results in an impaired ability of the myocardium
to generate sufficient contractile force to maintain an ad-
equate cardiac output, thereby failing to deliver the nec-
essary blood and oxygen required to meet the metabolic
demands of the body that result in hemodynamic instabil-
ity, elevated filling pressures, renal dysfunction, and fre-
quent decompensation. In advanced stages, HF is charac-

terized by a progressive deterioration of myocardial struc-
ture and function, driven by maladaptive neurohormonal
activation (renin–angiotensin–aldosterone system and sym-
pathetic nervous system), endothelial dysfunction, oxida-
tive stress, impaired nitric oxide (NO) signaling and re-
duced vasodilatory reserve which synergistically contribute
to the worsening of the clinical syndrome and to adverse
cardiovascular outcomes [5].

Over the last three decades, the management of heart
failure with reduced ejection fraction (HFrEF) has under-
gone a paradigm shift. Several drug classes have proven ca-
pable of not only relieving symptoms but also reducing all-
cause mortality and hospitalizations by modulating renin-
angiotensin-aldosterone (RAAS) and sympathetic nervous
systems. The current cornerstone therapy for HFrEF in-
cludes an angiotensin receptor–neprilysin inhibitor (ARNI)
as first-line renin–angiotensin system blockade, or alterna-
tively an angiotensin-converting enzyme inhibitor (ACEi)
or angiotensin receptor blocker (ARB), in combination
with a beta-blocker, a mineralocorticoid receptor antagonist
(MRA), and a sodium–glucose cotransporter-2 (SGLT2) in-
hibitor [6–15]. This “quadruple” therapy is recommended
for patients with HFrEF featuring recommendation class I
and evidence level A according to the current guidelines of
the American College of Cardiology (ACC) and European
Society of Cardiology (ESC).
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Fig. 1. Mechanism of action, target population, safety profile, and clinical effects of vericiguat in heart failure with reduced
ejection fraction. sGC, soluble guanylate cyclase; cGMP, cyclic guanosine monophosphate; NO, nitric oxide; HFH, heart failure hos-
pitalization; GTP, Guanosine TriPhosphate; CV, cardiovascular. Figure created with BioRender.

Despite major therapeutic advances, HF remains a
significant cause of morbidity, mortality, and healthcare
utilization worldwide and quality of life is markedly re-
duced. Patients with HFrEF continue to experience wors-
ening heart failure (WHF), leading to higher mortality risk
and more frequent HFH [16]. This high-risk subgroup pro-
vided the rationale for exploring novel pharmacologic path-
ways beyond neurohormonal blockade and metabolic mod-
ulation.

These unmet needs underscore the necessity of novel
therapeutic strategies targeting additional pathophysiolog-
ical pathways beyond neurohormonal blockade. Among
them, the nitric oxide (NO)–soluble guanylate cyclase
(sGC)–cyclic guanosine monophosphate (cGMP) pathway
has gained growing attention, providing the pharmacolog-
ical rationale for vericiguat, a soluble guanylate cyclase
stimulator. The NO–sGC–cGMP axis represents a funda-
mental regulatory pathway for cardiovascular and myocar-
dial homeostasis and is profoundly disrupted in heart fail-
ure [17]. Decreased nitric oxide availability, together with
oxidative impairment of sGC activity, results in reduced

cGMP production, promoting vasoconstriction, patholog-
ical remodeling, and increased myocardial rigidity.

Vericiguat is the first oral sGC stimulator to be ap-
proved to treat adults with symptomatic, chronic HFrEF and
a recent history of worsening [1]. Vericiguat acts through
a dual mechanism by directly activating native sGC in a
NO-independent manner while simultaneously enhancing
the enzyme’s sensitivity to residual endogenous nitric oxide
[18]. This mechanism restores cGMP levels, activates pro-
tein kinase G, and promotes vasodilation, antifibrotic, and
antihypertrophic effects—counteracting central pathophys-
iological processes of HF (Fig. 1). Recently, randomized
trials have demonstrated that vericiguat reduces cardiovas-
cular events and WHF in HFrEF [19].

The present narrative review aims to summarize cur-
rent available evidence on vericiguat in patients with
HFrEF, integrating mechanistic insights, clinical trial, and
real-world data.
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2. The Heart of the Matter: Physiopathology
and Mechanism of Action

The normal vascular endothelium regulates vascular
tone by balancing the production of vasodilators and vaso-
constrictors, which regulate smooth muscle relaxation and
contraction. Furthermore, the endothelium produces an-
tiproliferative and anti-inflammatory cytokines that con-
tribute to the maintenance of normal vascular function. NO
is the predominant mediator of vasodilatation in the en-
dothelium.

NO is synthesized through the conversion of L-
arginine to L-citrulline catalyzed by endothelial nitric oxide
synthase (eNOS). Owing to its gaseous nature, NO read-
ily diffuses across cellular membranes, where it binds to
the prosthetic heme group of sGC. This interaction induces
the conversion of guanosine-5′-triphosphate to cGMP [20].
The latter represents a key second messenger that interacts
with three types of intracellular proteins: cGMP-dependent
protein kinases which mediate phosphorylation of down-
stream targets, cGMP-regulated ion channels which in-
fluence Ca2+ handling and contractility, and phosphodi-
esterases which regulate cGMP degradation and maintain
signaling compartmentalization [21].

Through these effectors, the NO–sGC–cGMP path-
way mediates multiple biological functions. In vascular
smooth muscle, it promotes vasodilation by reducing cy-
tosolic calcium concentrations and desensitizing myofil-
aments to calcium. In platelets, it inhibits aggregation,
thereby exerting an antithrombotic effect. Within the my-
ocardium, cGMP signaling contributes to both systolic and
diastolic function by modulating calcium fluxes, improving
relaxation (lusitropy), and enhancing compliance. More-
over, it regulates fibroblast activity, producing antifibrotic
and antihypertrophic effects that limit pathological remod-
eling [22–24].

The release of NO is tightly regulated by shear stress,
which arises from laminar blood flow [25].

Within the myocardium, NO regulates both contrac-
tion and relaxation by modulating calcium handling via
S-nitrosylation of L-type calcium channels [26,27]. The
consequent decrease diminishes myofilament sensitivity to
calcium, prolongs relaxation, enhances myocardial compli-
ance, delays the onset of hypertrophy, induces vasodilation,
and decreases vascular tension [28].

In the context of heart failure, this signaling cascade
undergoes severe functional disruption. In patients with
HFrEF, left ventricular pump dysfunction results in inad-
equate cardiac output and tissue hypoperfusion, which per-
petuate systemic inflammation, oxidative stress, and neu-
rohormonal activation. Collectively, these mechanisms
act synergistically to markedly limit nitric oxide bioavail-
ability [29,30]. Reduced sGC activity is associated with
coronary microvascular dysfunction, cardiomyocyte stiff-
ness and interstitial fibrosis, elements that lead to the pro-
gression of myocardial dysfunction [22]. In advanced

stages of HFrEF, sGC downregulation translates into di-
minished endothelium-dependent vasodilation, impaired
coronary flow reserve, and progressive worsening of ven-
tricular function [31].

Vericiguat belongs to a class of drugs known as sGC
stimulators. It is approved for the treatment of patients with
HFrEF and it acts via stimulation of sGC in the NO-sGC-
cGMP pathway. Guided by extensive structure–activity
relationship studies, vericiguat was developed as a next-
generation derivative with enhanced pharmacokinetic prop-
erties, including greater metabolic stability and a prolonged
half-life [29].

Vericiguat exerts a dual mechanism of action aimed at
correcting the relative deficiency of cGMP observed in ad-
vanced stages of HF. First, it sensitizes sGC to endogenous
NO by stabilizing the NO–sGC interaction. In addition, it
directly stimulates sGC at a distinct binding site, indepen-
dently of NO availability [32]. This selectivity in cyclic
GMP generation does not occur with nitrates or phosphodi-
esterase inhibitors.

By combining these complementary actions, veri-
ciguat increases intracellular cGMP levels within car-
diomyocytes as well as vascular smooth muscle cells. By
augmenting cGMP availability, vericiguat indirectly acti-
vates cGMP-dependent protein kinases that regulate path-
ways counteracting maladaptive processes such as cardiac
hypertrophy and fibrosis [29]. Experimental models have
shown that vericiguat attenuates oxidative stress triggered
by angiotensin II stimulation, suppresses ERK signaling,
downregulates fibrotic gene expression, and limits collagen
deposition [33]. These effects translate into improved ven-
tricular relaxation, increased myocardial compliance, and
a slowing of diastolic dysfunction progression. In addi-
tion to its antifibrotic effects, sGC stimulators also attenu-
ate excessive hypertrophy in response to pathologic stress.
Through activation of protein kinase G (PKG), vericiguat
interferes with upregulation of hypertrophic genes. PKG
phosphorylates and inhibits L-type channels and TRPC-
mediated entry, reducing cytosolic calcium and prevent-
ing calcineurin activation [34]. These effects are accom-
panied by improved systolic function, demonstrating that
NO–sGC–cGMP signaling inhibits pathologic hypertrophy
while maintaining compensatory adaptations. Furthermore,
vericiguat exerts anti-inflammatory and immunomodula-
tory effects. Activation of the NO–sGC–cGMP cascade
suppresses nuclear factor kappa-light-chain-enhancer of ac-
tivated B cells (NF-κB) signaling by stabilizing Inhibitor
of kappa B alpha (IκBα) and reduces Nucleotide-binding
Oligomerization Domain (NOD), Leucine-Rich Repeats
(LRR) and pyrin domain-containing protein 3 (NLRP3) in-
flammasome assembly, leading to a reduction in the release
of pro-inflammatory cytokines (interleukin-1 beta (IL-1β),
interleukin-18 (IL-18), tumor necrosis factor-alpha (TNF-
α)) [35]. These effects contribute to limiting the inflamma-
tory pathway that sustains adverse remodeling.
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Beyond these molecular mechanisms, vericiguat ex-
erts beneficial hemodynamic actions, most notably vasodi-
lation and vascular smooth muscle relaxation, which to-
gether contribute to its therapeutic profile in HFrEF; in fact,
agents with vasodilating properties are known to be benefi-
cial in different settings of HFrEF [36,37].

In addition to vasodilation and smooth muscle re-
laxation, vericiguat reduces systolic blood pressure (~1–2
mmHg) and HF biomarker N-terminal pro B-type natri-
uretic peptide (NT-proBNP) in a dose-dependent manner
[38,39].

3. A Winning Story: The Trials
First evidence regarding the use of vericiguat in pa-

tients with HF was provided by the SOCRATES (SOl-
uble guanylate Cyclase stimulaToR in heArT failurE
Study) program. This included two phase II, double-
blind, dose-finding, placebo-controlled randomized clin-
ical trials (RCTs), namely SOCRATES-REDUCED and
SOCRATES-PRESERVED, which were completed in June
and September 2015, respectively [38,40]. Their primary
objective was to evaluate the safety and tolerability of dif-
ferent daily dosages of vericiguat in patients with HF across
the spectrum of left ventricular ejection fraction (LVEF).
Both trials enrolled patients with chronic HF and recent
clinical worsening, following stabilization of their cardiac
condition.

The SOCRATES-REDUCED trial randomized 456
patients with LVEF<45% andNewYorkHeart Association
(NYHA) class II–IV who had received guideline-directed
medical therapy (GDMT) for at least one month [38]. Eli-
gible patients were those with recent WHF, defined by clin-
ical signs or symptoms of congestion, elevated natriuretic
peptides, or the need for hospitalization or intravenous di-
uretics, and subsequently achieved clinical stability with no
requirement for intravenous diuretics within 12 hours or in-
otropes within 24 hours, and stable vital parameters. Ran-
domization was performed either at hospital discharge or
within four weeks after hospital discharge. Patients were
assigned to receive placebo or one of four vericiguat dosing
regimens: 1.25 mg or 2.5 mg (fixed dose), or 5 mg or 10 mg
(titrated from a 2.5 mg starting dose). The primary endpoint
was the absolute change in NT-proBNP levels at 12 weeks.
Although the primary endpoint was not met, exploratory
analyses suggested a dose–response relationship between
vericiguat and NT-proBNP reduction, with the greatest ben-
efit observed at the 10 mg dose. Improvements in LVEF
were also noted at this dosage. No significant differences
were observed between treatment groups in cardiovascu-
lar mortality or HFH. Importantly, vericiguat was gener-
ally safe and well tolerated. Episodes of hypotension were
more common in patients receiving higher doses of veri-
ciguat, but these events were largely confined to the first
two weeks of therapy and rarely led to treatment discontin-
uation.

The SOCRATES-PRESERVED trial enrolled patients
with HF and LVEF >45% who had experienced a re-
cent worsening event (HFH or outpatient treatment with
intravenous diuretics) [40]. The primary endpoints were
changes in NT-proBNP levels and left atrial volume at 12
weeks. Although no significant differences were found be-
tween vericiguat and placebo for these endpoints, vericiguat
demonstrated a favorable safety profile with low discon-
tinuation rates and no significant effect on blood pressure,
even at the highest dosages. Moreover, an exploratory anal-
ysis revealed that vericiguat at the dose of 10 mg daily was
associated with improved quality of life, as assessed by the
Kansas City Cardiomyopathy Questionnaire (KCCQ) clin-
ical summary score. However, these results were not repli-
cated in the following VITALITY-HFpEF randomized con-
trolled trial [41]. This study enrolled 789 patients with simi-
lar features to those of the SOCRATES-PRESERVED trial:
HFwith LVEF>45%, elevated natriuretic peptides, NYHA
class II-III and recent decompensation. Patients were ran-
domized in a 1:1:1 ratio to receive either vericiguat (with
a starting dose of 2.5 mg, later titrated up to 15 mg or 10
mg daily) or placebo, and were followed for 24 weeks. The
study did not demonstrate any improvement in quality of
life for the vericiguat group; this was assessed using the
KCCQ physical limitation score and the six-minute walk
test distance, which served as the primary and secondary
endpoints, respectively.

Inspired by the promising results observed in the con-
text of HFrEF, the phase III VICTORIA trial was conducted
[42]. This double-blind, randomized trial enrolled 5050 pa-
tients with HFrEF (LVEF<45%), who were randomized to
receive either vericiguat with an initial dose of 2.5 mg/day
titrated up to 10 mg/day, or a placebo, both in addition to
GDMT. Eligible patients had recently experienced clinical
worsening, defined as HFH or treatment with intravenous
diuretics, and were randomized after achieving clinical sta-
bility. Patients were stratified according to the timing of
their worsening cardiac event: either HFH within the pre-
ceding 3 months, HFH between 3 and 6 months prior, or
outpatient intravenous diuretic use within the preceding 3
months. Additional inclusion criteria included elevated na-
triuretic peptide levels, specifically BNP ≥300 pg/mL or
NT-proBNP ≥1000 pg/mL in patients in sinus rhythm or
BNP≥500 pg/mL or NT-proBNP≥1600 pg/mL in patients
with atrial fibrillation. The primary endpoint was a compos-
ite of cardiovascular death or first HFH. The enrolled pa-
tients had a median age of 67 years, with 24% being female.
Approximately 40% of the patients were in NYHA func-
tional class III. The mean LVEF was 29%, and the median
NT-proBNP level was 2816 pg/mL. Notably, two-thirds of
patients were randomized within 3 months of hospitaliza-
tion. Background therapy included triple GDMT in 60%
of patients; notably, only 15% were receiving an ARNI
and SGLT2 inhibitors were not yet part of standard care at
the time of enrolment. After a median follow-up of 10.8
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months, over 90% of patients in the vericiguat group were
receiving the target dose of the medication. The incidence
of the primary composite endpoint was significantly lower
in the vericiguat group compared with placebo (hazard ra-
tio [HR] 0.90; 95% confidence interval [CI] 0.82 to 0.98; p-
value = 0.02), primarily driven by a reduction in HFH (HR
0.90; 95% CI 0.81 to 1.00). Subgroup analyses confirmed
consistent efficacy across most patient categories, except
for those over 75 years of age and those with NT-proBNP
levels greater than 5314 pg/mL. Vericiguat was well tol-
erated, with no significant differences in the incidence of
hypotension or syncope between the two groups.

Overall, the VICTORIA trial enrolled higher-risk pa-
tients than those enrolled in other clinical trials evaluating
renin-angiotensin-aldosterone system inhibition or SGLT-
2 inhibition in chronic HFrEF. This is demonstrated by
higher baseline NT-proBNP values and a higher prevalence
of NYHA class III-IV in the patients enrolled in the VIC-
TORIA trial than those enrolled in the PARADIGM-HF,
DAPA-HF and EMPEROR-reduced trials [9,15,43]. Veri-
ciguat has thus been primarily tested and adopted as an add-
on in post-worsening HFrEF, targeting patients with resid-
ual risk despite GDMT.

More recently, the efficacy of vericiguat was evalu-
ated in ambulatory patients without recent worsening events
in the Vericiguat Global Study in Participants with Chronic
Heart Failure (VICTOR) trial [44]. This phase III, random-
ized, double-blind trial enrolled 6105 patients with HFrEF
(LVEF<40%) who had not been hospitalized for HF in the
preceding 6 months nor treated with intravenous diuretics
in the 3 months prior to randomization. NT-proBNP lev-
els at screening were required to be between 600 and 6000
pg/mL for patients in sinus rhythm and between 900 and
6000 pg/mL for those with atrial fibrillation. Patients with
estimated glomerular filtration rate below 15 mL/min/1.73
m2 were excluded. Compared with those enrolled in the
VICTORIA trial, patients included in the VICTOR trial
were better treated: 56% were on ARNI, 58% on SGLT2-
inhibitors, and 14.8% had cardiac resynchronization ther-
apy. The median age of the study population was 68 years,
the median LVEF was 30%, and the median basal NT-
proBNP level was 1375 pg/mL; 79% of patients had NYHA
II functional class. Nearly half of participants had no his-
tory of prior HFH. The primary endpoint was time to first
occurrence of cardiovascular death or HFH, with cardiovas-
cular death alone being a key secondary endpoint. After a
median follow-up of 18.5 months, the target vericiguat dose
was achieved in 85% of patients. No significant difference
was observed in the primary endpoint between groups (HR
0.93; 95% CI 0.83 to 1.04; p-value = 0.22). The absence of
a significant reduction in HF hospitalizations in VICTOR
likely reflects the overall lower-risk profile of the enrolled
population, characterized by the absence of recent decom-
pensation events. Moreover, the broader uptake of SGLT2
inhibitors—agents that independently reduce HFH—may

have further attenuated the relative treatment effect of veri-
ciguat on this endpoint. Notably, in VICTOR the definition
of worsening HF was broadened to include episodes man-
aged with oral diuretic escalation, which did not confer a
higher event risk and may have diluted treatment effect es-
timates.

Although fewer cardiovascular and all-cause deaths
occurred in the vericiguat group (approximately 12% of
patients receiving vericiguat compared with 14% receiv-
ing placebo), these results should be interpreted cautiously,
since the primary study outcome was not met.

A pooled patient-level analysis of the VICTORIA and
VICTOR trials evaluated the effect of vericiguat in pa-
tients with HFrEF across a broad spectrum of disease sever-
ity [45]. The VICTORIA trial enrolled high-risk patients
with a recent worsening event, while the VICTOR trial in-
cluded ambulatory, lower-risk patients without recent HFH.
By combining these two largely non-overlapping popula-
tions, the analysis provided a comprehensive assessment of
vericiguat’s efficacy. Treatment with vericiguat was asso-
ciated with a significant reduction in the composite end-
point of cardiovascular death or HFH (HR 0.91, 95% CI
0.85 to 0.98; p-value = 0.0088). Significant effects were
also observed on the individual components of the compos-
ite endpoint and on all-cause mortality, with no evidence
of inter-trial heterogeneity. The therapeutic effect of veri-
ciguat remained consistent across endpoints, independent
of background treatment with ARNI or SGLT2 inhibitors.
The therapeutic benefit appeared to be greater in patients
with NT-proBNP levels below 6000 pg/mL. As previously
reported, the VICTORIA trial enrolled a particularly high-
risk population, in which HFH occurred three times more
frequently than cardiovascular deaths, leading to an early
accrual of events and trial completion. By contrast, the
VICTOR trial enrolled ambulatory patients, many of whom
were receiving quadruple guideline-directed therapy; in this
lower-risk cohort, event rates were substantially lower, par-
ticularly among those without prior HFHs. Pooling the two
trial populations therefore enables evaluation of vericiguat
across the full clinical spectrum of HFrEF, suggesting a
potential benefit when added to contemporary standard-of-
care therapy.

To potentially simplify vericiguat titration and im-
prove adherence compared to the multi-step approach used
in prior studies, the Phase IIb, single-arm, open-label VE-
LOCITY trial was designed to evaluate the safety and tol-
erability of a higher, single-step starting dose of vericiguat
in patients with HFrEF [46]. The trial, which enrolled 106
patients, investigated whether initiating vericiguat at a 5 mg
daily dose—bypassing the traditional 2.5 mg starting dose
used in the VICTORIA trial—would be well-tolerated and
safe. The primary endpoint, defined as completing a two-
week period with no more than a one-day interruption and
without moderate-to-severe symptomatic hypotension, was
met by 93.4% of patients. This finding was consistent re-
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Table 1. Main characteristics of the trials on vericiguat.
Study Sample size Mean age Female (%) Mean LVEF NT-proBNP thresholds Median FU Main findings

SOCRATES-REDUCED, 2015 [38] 456 68 19.7 29.6 ≥1000 pg/mL 12 weeks No significant change in NT-proBNP levels from basal to
12 weeks between vericiguat and placebo group.
Exploratory analyses suggested a dose–response relation-
ship between vericiguat and NT-proBNP reduction.

SOCRATES-PRESERVED, 2017 [40] 477 73 48 57 ≥300 pg/mL (SR)
≥900 pg/mL (AF)

12 weeks No significant change in NT-proBNP levels and LAV from
basal to 12 weeks between vericiguat and placebo group.
Pre-specified exploratory analysis showed a significant
change in KCCQ-CCS from basal to 12 weeks in the veri-
ciguat (10 mg) group compared to placebo.

VITALITY-HFpEF, 2020 [41] 789 73 48.7 56 ≥300 pg/mL (SR)
≥900 pg/mL (AF)

24 weeks No significant change in KCCQ-PLS from basal to 24
weeks between vericiguat and placebo group.

VELOCITY, 2025 [46] 106 67 28 / No predefined cut-offs 2 weeks Feasibility and good tolerability of vericiguat 5 mg starting
dose, regardless of a recent history of WHF (93.4% of pa-
tients met the primary endpoint - completing a two-week
period with no more than a one-day interruption and with-
out moderate-to-severe symptomatic hypotension).

VICTORIA, 2021 [47] 5050 67 24 29 ≥1000 pg/mL (SR)
≥1600 pg/mL (AF)

10.8 months Significant reduction of the primary composite endpoint
(CVd or first HFH) in the vericiguat group compared with
placebo (HR 0.90; 95% CI 0.82–0.98; p-value = 0.02), pri-
marily driven by a reduction in HFH. Subgroup analyses
confirmed consistency across most categories, except for
patients >75 years of age and those with NT-proBNP lev-
els greater than 5314 pg/mL.

VICTOR, 2025 [48] 6105 68 23.6 30 ≥600 pg/mL (SR)
≥900 pg/mL (AF)

18.5 months No significant difference in the primary endpoint (time to
first occurrence of CVd or HFH) between vericiguat and
placebo group (HR 0.93; 95% CI 0.83–1.04; p-value =
0.22). Fewer CV and all-cause deaths occurred in the veri-
ciguat group.

CI, confidence interval; CVd, cardiovascular death; FU, follow-up; HFH, hospitalization for heart failure; HR, hazard ratio; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire Clinical Summary
Score; KCCQ-PLS, Kansas City Cardiomyopathy Questionnaire Physical Limitation Score; LAV, left atrial volume; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro B-type natriuretic
peptide; WHF, worsening heart failure; HFpEF, Heart Failure with Preserved Ejection Fraction; SR, sinus rhythm; AF, atrial fibrillation.
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gardless of a recent history of WHF. By demonstrating
the feasibility and tolerability of a 5 mg starting dose, the
VELOCITY study supports an update in clinical practice
to a simplified, one-step titration pathway for vericiguat,
which could help overcome clinical inertia and facilitate
more rapid achievement of the 10 mg target dose. In light
of vericiguat’s favorable safety and tolerability profile, its
once-daily dosing, and the lack of need for routine labo-
ratory monitoring, the drug represents a feasible therapeu-
tic option for patients with HFrEF in addition to current
guideline-directed therapies. Nonetheless, these findings
should warrant confirmation in future studies. The main
characteristics of the trials on vericiguat are summarized in
Table 1 (Ref. [38,40,41,46–48]).

4. The Real World Application: A
Practitioner Textbook

Over the past decade quadruple therapy with ARNI,
beta-blockers, MRA and SGLT2 inhibitors has become the
standard of care in patients with HFrEF. In a network meta-
analysis that compared different treatment strategies in the
setting of HFrEF, the combination of these four drugs was
found to be the most effective in reducing overall mortal-
ity [49]. Other treatment options involving the addition of
agents such as vericiguat and ivabradine show benefit in
specific patient populations, particularly in high-risk indi-
viduals who cannot tolerate quadruple therapy, most com-
monly due to worsening renal function and hypotension
[50].

Currently, vericiguat is approved for the treatment of
symptomatic HFrEF in several countries. The 2021 ESC
HF guidelines recommend that vericiguat may be consid-
ered in symptomatic HFrEF patients with a recent worsen-
ing HF despite treatment with an ACEi (or ARNI), a beta-
blocker and anMRA in order to reduce cardiovascular mor-
tality and HFH (Class IIb, level of evidence B) [1]. Simi-
larly, the 2022 AHA/ACC/HFSA guidelines for the man-
agement of HF suggest that vericiguat may be used in high-
risk patients with HFrEF on top of optimal medical ther-
apy after an episode of decompensated HF (Class IIb, level
of evidence B) [51]. These recommendations are mainly
based on the results of VICTORIA trial [42].

Secondary analyses of the VICTORIA trial suggest
that the relative benefit of vericiguat is maintained regard-
less of the time elapsed since the WHF event [47]. How-
ever, the absolute benefit is greater when the index event
is recent, thus supporting the early initiation of vericiguat
in the post-discharge phase when patient vulnerability is at
its peak. Nevertheless, prior to initiating vericiguat treat-
ment, patients should first be stabilized following a WHF
event by optimizing hemodynamics and volume status with
appropriate diuretic therapy [52]. This approach minimizes
risks of symptomatic hypotension and ensures tolerability
of background therapy.

The evidence of the significant benefit of vericiguat
from early trials has generated growing interest in the anal-
ysis of real-world data, which provides insights into patient
characteristics, prescribing patterns, adherence, tolerabil-
ity, and clinical impact outside the controlled environments
of clinical trials.

An analysis of the PINNACLE Registry showed that
approximately one-quarter of patients with HFrEF are eli-
gible for vericiguat according to the VICTORIA trial crite-
ria; also, the VICTORIA population was similar to PINNA-
CLE patients with a recent WHF event regarding baseline
characteristics and outcomes, thus suggesting that the pa-
tient population enrolled in the VICTORIA trial is likely
generalizable to patients with WHF events encountered in
clinical practice [53]. Similar data emerge from a Korean
real-world study, where 58% of patients hospitalized for HF
were found to be eligible for vericiguat therapy [54]. Data
from the Swedish Heart Failure Registry show that one-
fifth of patients are eligible for vericiguat according to the
VICTORIA trial criteria, and approximately 47% based on
guidelines and labelling. Thus, nearly half of the patients
would be eligible if broader criteria were applied, suggest-
ing that vericiguat could have a more extensive role in clin-
ical practice [55].

Real-world studies indicate that patients treated with
vericiguat are generally older, with more comorbidities,
worse renal function, and more frequently on optimized
quadruple therapy with ARNI, beta-blockers, MRA and
SGLT2-inhibitors compared to the VICTORIA trial popu-
lation [56–58]. In fact, the use of SGLT2 inhibitors was not
recommended in the treatment of HF at the time of conduc-
tion of the VICTORIA trial, and only 15% of the enrolled
patients were on ARNI therapy.

Based on the results of the VICTORIA trial, since
2021 the primary indication for vericiguat has been HFrEF
with recent WHF event, in addition to GDMT. By 2025, the
integration of vericiguat into clinical practice has matured,
guided not only by the pivotal VICTORIA trial, but also by
confirmatory data from the VICTOR trial, pooled analyses,
and real-world experiences [45,48]. These results repre-
sent emerging data that are not yet incorporated into current
ESC 2021 or AHA/ACC/HFSA 2022 guideline recommen-
dations and should therefore be interpreted as hypothesis-
generating. A Japanese observational study has shown that
in certain clinical contexts, vericiguat is used in high-risk
patients even in the absence of a true worsening event [59].
The recently published VICTOR trial did not demonstrate
a significant benefit in reducing the composite endpoint of
cardiovascular mortality and HFHs in ambulatory patients
with HFrEF who had not experienced a recent HFH, albeit
showing a controversial benefit of vericiguat on cardiovas-
cular mortality [48]. Likewise, the findings of pooled anal-
yses of the VICTORIA and VICTOR trials, demonstrating
the benefit of vericiguat across the broader HFrEF popula-
tion regardless of recent HFH status, suggest that vericiguat
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may offer incremental benefits in reducing HFHs and car-
diovascular mortality when added to standard GDMT in a
broad HFrEF population [45].

A recent real-world analysis on a Japanese cohort of
46 patients suggests a potential role for vericiguat even
in the absence of a recent decompensation episode, par-
ticularly in high-risk symptomatic patients who are not
yet end-stage [60]. Patients with fewer than two prior
HFHs showed greater improvements in biomarkers such as
BNP and LVEF, along with a lower risk of adverse events.
Conversely, patients with recurrent hospitalizations derived
limited benefit, underscoring the importance of early inter-
vention before irreversible disease progression occurs.

One of themost distinctive aspects of vericiguat’s clin-
ical use is the emerging role of NT-proBNP as a stratifi-
cation tool. In both VICTORIA and pooled analyses with
VICTOR, treatment benefit appeared most pronounced in
patients with NT-proBNP levels below 8000 pg/mL and
even greater in patients with NT-proBNP levels below 4000
pg/mL. This finding suggests that physicians may consider
prioritizing vericiguat for HF patients who, despite opti-
mization of their medical therapy, have persistently ele-
vated but not extremely high NT-proBNP levels, within a
range where relative benefit is expected; this may repre-
sent a key patient subset in whom the drug’s efficacy is
maximized. These observations suggest that vericiguat is
a suitable treatment option for carefully selected high-risk
patients who are not yet in the end-stage of heart failure
[61].

The recommended starting dose of vericiguat is 5 mg
orally once daily; if blood pressure is marginally low in the
four weeks preceding treatment initiation, the starting dose
should be 2.5 mg once daily. The dose should be doubled
every two weeks to reach the target dose of 10 mg, if toler-
ated. Treatment should not be initiated in patients with sys-
tolic blood pressure below 100 mmHg. Discontinuation or
dose reduction is advised in case of symptomatic hypoten-
sion or if systolic blood pressure falls below 90 mmHg.
As food enhances the absorption of vericiguat, it is recom-
mended that the drug is taken with meals; for patients who
are unable to swallow, the tablet may be crushed and mixed
with water immediately before administration [39,52].

Since the VELOCITY study demonstrated the toler-
ability of an initial vericiguat dose of 5 mg/day, the stan-
dard starting dose of 2.5 mg may be bypassed in selected
patients. Also, over 90% of patients safely tolerated veri-
ciguat initiation at the dose of 5mg/day, regardless of recent
WHF events [46]. Accordingly, clinical guidelines now al-
low for a 5 mg starting dose in selected individuals, po-
tentially simplifying the titration process, and facilitating
the achievement of the target 10 mg dose in routine clinical
practice.

Given its favorable safety and tolerability profile, veri-
ciguat may be particularly useful in patients for whom titra-
tion of quadruple therapy is limited due to hypotension,

bradycardia, renal impairment, or hyperkalemia. Its unique
mechanism, acting via the NO–sGC-cGMP pathway, may
aid in hemodynamic stabilization and facilitate the opti-
mization of background therapy. Notably, a German obser-
vational study reported that the proportion of patients on full
GDMT increased from 29% to 44% following vericiguat
initiation [62]. Preliminary data also suggest a potential
synergistic effect between ARNI and vericiguat, given their
complementary actions on neurohormonal and vasodilatory
pathways [63].

No dose adjustment is required in elderly patients or
in those with mild to moderate hepatic or renal impairment.
However, the effects of vericiguat have not been stud-
ied in patients with severe renal dysfunction (eGFR <15
mL/min/1.73 m2), severe hepatic impairment (e.g., Child-
Pugh class C), or in those undergoing dialysis. Therefore,
the initiation of vericiguat is not recommended in these pop-
ulations [52].

Vericiguat has demonstrated a favorable safety pro-
file in both randomized trials and observational studies.
The most commonly reported adverse events were hy-
potension and anemia, which rarely required discontinu-
ation of the drug [42,48,56,62]. Co-administration with
phosphodiesterase-5 inhibitors has not been studied in pa-
tients with HF, so it is not recommended due to the in-
creased risk of symptomatic hypotension. The concomitant
use of sGC stimulators such as riociguat is contraindicated
[52]. There are no human studies on the use of vericiguat
during pregnancy. Animal studies have shown potential fe-
tal toxicity; therefore, vericiguat should not be used during
pregnancy or in women of childbearing potential who are
not using effective contraception.

Contemporary evidence, particularly from 2025 data,
supports a paradigm shift in the use of vericiguat. This
agent may be most effectively utilized earlier in the disease
trajectory, including in carefully selected high-risk ambula-
tory patients who have not recently been hospitalized. This
strategy aims to maximize therapeutic benefit before the pa-
tient progresses to an advanced or end-stage HF phenotype.

5. The Next Chapter: A Look Ahead
The landscape of HFrEF management continues to

evolve toward a comprehensive, multimodal approach that
targets not only neurohormonal activation but also endothe-
lial dysfunction, oxidative stress, and myocardial remod-
eling. Within this paradigm, vericiguat has emerged as a
promising therapeutic advance, expanding the armamen-
tarium of disease-modifying drugs for HFrEF. The next
decade will likely focus on refining its clinical positioning,
identifying the optimal timing of initiation, and exploring
new potential indications beyond current guideline recom-
mendations.

From a clinical research perspective, several areas
warrant further exploration. While the VICTORIA and
VICTOR trials, together with their pooled analysis, estab-
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lished vericiguat as an effective and well-tolerated option
across a broad spectrum of HFrEF severity [42,44,45], fu-
ture studies should evaluate its role in patients with mildly
reduced or preserved ejection fraction, where NO–sGC–
cGMP signaling is also impaired [17]. Early-phase trials
such as SOCRATES-PRESERVED [40] and VITALITY-
HFpEF [41] failed to demonstrate significant improvements
in clinical outcomes, yet preclinical data suggest that spe-
cific subgroups, particularly those with endothelial dys-
function or elevated natriuretic peptides, may still derive
benefit. Precision phenotyping of these populations could
redefine vericiguat’s therapeutic boundaries.

It should be noted that none of the available trials eval-
uated the potential synergistic effects of structured exercise
training and a Mediterranean diet (MEDI) in combination
with vericiguat therapy. Regular exercise training and ad-
herence to a MEDI have been shown to improve endothe-
lial function and NO bioavailability, thereby modulating
the NO–sGC–cGMP signaling pathway and contributing to
cardiovascular benefits [64,65]; however, their potential in-
teraction with pharmacological cGMP modulation has not
been systematically evaluated in heart failure clinical trials.

Experimental studies have shown that vericiguat ex-
erts antifibrotic, antihypertrophic, and anti-inflammatory
effects by attenuating angiotensin II–induced oxidative
stress [33], inhibiting the calcineurin–NFAT signaling path-
way [34], reducing activation of NF-κB and NLRP3 in-
flammasome [35]. These findings support its potential as a
disease-modifying agent capable of counteracting adverse
myocardial remodeling.

In this context, additional data are needed to further
investigate the hemodynamic and echodynamic impact of
vericiguat, both in the short and long term. Prospective
studies incorporating non-invasive hemodynamic monitor-
ing, advanced echocardiographic indices (such as global
longitudinal strain, E/e′ ratio, LVOT VTI), and right heart
function assessment could shed light on themechanisms un-
derlying clinical benefits [66]. Such evidence would allow
for a better understanding of vericiguat’s capacity to mod-
ulate ventricular-arterial coupling, reverse remodeling, and
improve filling pressures—ultimately bridging the gap be-
tween symptom relief and structural recovery.

Clinically, vericiguat may be increasingly positioned
for earlier initiation in high-risk ambulatory patients before
the onset of advanced disease stages. Real-world data in-
dicate that patients treated with vericiguat are often older,
more comorbid, and already on full GDMT [56,58]. How-
ever, the observed improvements in biomarkers, tolerabil-
ity, and therapy optimization suggest that its early incor-
poration could yield incremental benefits. Owing to its
favorable safety and tolerability characteristics, vericiguat
emerges as an attractive therapeutic option. for patients in
whom the optimization of quadruple GDMT is constrained
by adverse hemodynamic or metabolic conditions—such
as hypotension, bradycardia, renal dysfunction, or hyper-

kalemia. In such scenarios, vericiguat’s distinct mechanism
of action through the NO–sGC–cGMP pathway may of-
fer incremental benefits by stabilizing hemodynamics and
facilitating the maintenance of background therapy. This
approach aligns with a potential “penta-therapy” model—
comprising ARNI, beta-blockers, MRA, SGLT2 inhibitors,
and vericiguat—tailored to patient-specific clinical and
hemodynamic profiles [50].

Despite the progress achieved, important questions re-
main. The long-term mortality benefit, cost-effectiveness
in different healthcare systems, and safety in patients with
severe renal impairment or advanced device therapy are
still under investigation. The addition of another oral agent
(vericiguat) to the treatment regimenmay negatively impact
patient adherence due to the already substantial pill burden
common in the HFrEF population, who commonly require
more than 5 daily medications; this increasing complexity
may lead to treatment discontinuation. Moreover, future
trials should clarify whether simultaneous versus sequen-
tial initiation with other GDMT components enhances out-
comes and tolerability.

Ultimately, vericiguat represents more than a phar-
macologic innovation—it symbolizes a conceptual shift to-
ward restoring vascular homeostasis and myocardial re-
silience through the modulation of the NO–sGC–cGMP
pathway [28]. As precision medicine advances, identifying
the right patient at the right time for vericiguat initiationwill
be the key to unlocking its full therapeutic potential. By
bridging the gap between hemodynamic stabilization and
diseasemodification, vericiguat may help redefine the treat-
ment paradigm of heart failure, guiding clinicians toward
a more anticipatory, individualized, and pathophysiology-
based management of this complex syndrome.

Within this evolving paradigm, attention has also been
drawn to the potential role of circadian rhythms in cardio-
vascular regulation. Disruption of circadian rhythms has
been associated with adverse cardiovascular outcomes, and
experimental evidence suggests that restoration of circadian
homeostasis may improve heart failure phenotypes. Al-
though direct clinical data on chronotherapy targeting the
NO–sGC–cGMP pathway are currently lacking, preclini-
cal studies indicate that cGMP-dependent signaling is in-
fluenced by circadian mechanisms, providing a rationale
for future investigations into time-dependent optimization
of cGMP-modulating therapies [67].

6. Conclusions
Vericiguat represents a significant advancement in the

contemporary treatment of HFrEF, addressing a residual
pathophysiological domain not targeted by neurohormonal
inhibition or metabolic modulation. By restoring cGMP
bioavailability through direct and NO–dependent stimula-
tion of sGC, vericiguat counteracts endothelial dysfunction,
maladaptive remodeling, and progressive myocardial stiff-
ening. Evidence from randomized controlled trials and real-
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world studies consistently supports the efficacy and safety
of vericiguat, particularly in patients with recent worsening
heart failure despite GDMT. The recent VICTOR trial and
subsequent pooled analyses have expanded its potential role
to stable ambulatory patients, suggesting a broader applica-
bility across the HFrEF spectrum, while mortality benefits
remain suggestive and primarily derived from pooled anal-
yses.

Given its favorable safety profile, once-daily dosing,
and mechanistic complementarity with existing pharmaco-
logic agents, vericiguat may serve as a cornerstone of fu-
ture HF management—an adjunctive “fifth pillar” that rep-
resents a therapeutic continuum from hemodynamic stabi-
lization to disease modification. Its integration into clinical
practice marks a transition toward a more individualized,
pathophysiology-driven approach, reflecting the continuing
evolution of HF therapy from symptom control to long-term
preservation of myocardial integrity and patient survival.
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