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Abstract
Background: Several randomized controlled trials (RCTs) have been investigated the benefits of soluble guanylate cyclase (sGC)
stimulators in the treatment of heart failure, but a comprehensive evaluation is lacking. We performed a meta-analysis to evaluate the
efficacy and safety of oral sGC stimulators (vericiguat and riociguat) in patients with heart failure.

Methods: Studies were searched and screened in PubMed, Embase, and Cochrane Library. Eligible RCTs were included that
reported mortality, the change of EuroQol Group 5-Dmensional Self-report Questionnaire (EQ-5D) US index, N-terminal pro-B-type
natriuretic peptide (NT-proBNP), or serious adverse events (SAEs). Relative risk or weight mean difference (WMD) was estimated
using fixed effect model or random effect model. Analysis of sensitivity and publication bias was conducted.

Results: Five trials with a total of 1200 patients were included. sGC stimulators had no impact on the mortality (1.25; 95%
confidence interval 0.50–3.11) and significantly improved EQ-5D US index (0.04; 95% confidence interval 0.020–0.05). Furthermore,
in comparison with control group, NT-proBNP was statistically decreased in riociguat group (�0.78; 95% confidence interval�1.01
to �0.47), but not in vericiguat group (0.04, 95% confidence interval �0.18 to 0.25). There were not obverse differences in SAEs
between sGC stimulators and control groups (0.90; 95% confidence interval 0.72–1.12).

Conclusion: Our meta-analysis suggests that sGC stimulators could improve the quality of life in patients with heart failure with
good tolerance and safety, but their long-term benefits need to be observed in the future. sGC stimulators are likely to be promising
add-on strategies for the treatment of heart failure.

Abbreviations: ACEI = angiotensin-converting-enzyme inhibitors, ARB = angiotensin II receptor blockers, C = control group,
CCB= calcium channel blocker, cGMP= cyclic guanosinemonophosphate, CI= confidence interval, DILATE= acute hemodynamic
effects of riociguat in patients with pulmonary hypertension associated with diastolic heart failure, DM = diabetic mellitus, eGFR =
estimated glomerular filtration rate, EQ-5D= EuroQol Group 5-Dmensional Self-report Questionnaire, HF= heart failure, HFpEF=HF
with preserved ejection fraction, HFrEF = HF with reduced ejection fraction, LVEF = left ventricular ejection fraction, MRA =
mineralocorticoid receptor antagonist, NA= not available, NO= nitric oxide, NT-proBNP=N-terminal pro-B-type natriuretic peptide,
NYHA = New York Heart Association, PAH-CHD = The patients with persistent/recurrent pulmonary arterial hypertension after
correction of congenital heart disease, PRISMA = preferred reporting items for systematic reviews and meta-analyses, RCTs =
randomized controlled trials, RR = relative risk, SAEs = serious adverse events, SD = standard deviation, sGC = soluble guanylate
cyclase, SOCRATES-PRESERVED = soluble guanylate cyclase stimulator in heart failure patients with preserved ejection fraction,
SOCRATES-REDUCED = soluble guanylate cyclase stimulator in heart failure patients with reduced ejection fraction, T = treatment
group, WMD = weight mean difference.
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1. Introduction

Heart failure (HF) is a severe syndrome that increases the rate of
mortality and hospital readmission.[1] Although traditional
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pharmacologic interventions are applied to postpone the phase
and improve clinical symptoms of HF, some patients still have
poor quality of life as well as even worse prognosis. Novel
pharmacologic therapies are particularly important in the setting
of worsening chronic heart failure. The nitric oxide (NO)-soluble
guanylate cyclase (sGC)-cyclic guanosine monophosphate
(cGMP) signaling pathway plays an important role in cardiovas-
cular diseases, including vessels constriction, tissue fibrosis,
oxidative stress, and inflammation.[2–4] Thus, targeting this
signaling pathway can be a favorable approach for the treatment
of HF.
The novel sGC stimulators have potential benefits for normal

cardiac and vascular function through binding to the heme-
containing sGC and triggering cGMP production, enhancing the
affinity of sGC at even very low levels of NO.[5,6] It has been
proved that sGC stimulators can be used in the treatment of
pulmonary arterial hypertension by decreasing pulmonary
pressures and improving hemodynamics.[7,8] Some theoretical
evidences also support the usage of sGC stimulators, improved
ventricular function, and cardiac index were observed in patients
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with HF. Thereinto, 2 mainly types of oral selective sGC
simulators, vericiguat and riociguat, are being explored their
effects on HF. They can stimulate sGC directly that are
independent from NO, and enhance the effect of NO in low-
endogenous NO, and low-NO environments to increase cGMP
synthesis.[11,12] The elevation of cGMP has been associated with
vasodilatation, anti-fibrotic, and anti-inflammatory effects. In
previous clinical studies, riociguat was used for the treatment of
HF and pulmonary arterial hypertension, vericiguat was mainly
applied to HF therapy due to structural and pharmacologic
distinction. However, reported results are controversial because
of sample heterogeneity or limitation, a comprehensive overview
of sGC stimulators is necessary to evaluate their function. Hence
that the purpose of this meta-analysis is to evaluate the effects of
sGC stimulators on the change of mortality, quality of life, N-
terminal pro-B-type natriuretic peptide (NT-proBNP), and
serious adverse events (SAEs) in patients with HF.
2. Methods

We collected randomized controlled studies (RCTs) of oral sGC
stimulators (vericiguat and riociguat) in patients with HF, and
performed a meta-analysis in accordance with the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) statement.[13]
2.1. Data sources

Data were obtained through searching PubMed, Embase, and
Cochrane library until February 28, 2018 by 2 trained authors.
Research strategy consisted of the following MeSH headings or
keywords “soluble guanlate stimulators,” “riociguat,” “verici-
guat,” and “heart failure” with publication types restricted to
RCT. Searches are based on English language only.
2.2. Study selection

Titles and abstracts were independently assessed, and obviously
irrelevant studies were excluded by 2 reviewers. The remaining
studies were further evaluated through full-text achievement.
Inclusion criteria were: RCTs; adult patients (years >18) with
HF; oral sGC stimulators (riociguat or vericiguat); placebo; the
primary outcomes contained mortality and quality of life,
the secondary outcomes contained SAEs and NT-proBNP. We
excluded studies which did not meet the aforementioned criteria
from analysis. Ethical approval was not necessary because this
was a systematic review and meta-analysis.
2.3. Data extraction and quality assessment

Data were extracted from the included trials by 2 authors
independently: basic characteristics of studies (authors, published
year, journal, and study design), characteristics of study subjects
(average age, sex, comorbidities), intervention and control
treatments, New York Heart Association class, left ventricular
ejection fraction, follow-up time, severe adverse events, mortali-
ty, and clinical outcomes after intervention. To avoid repetitive
studies, we would carefully identify when studies had the same
first author. If articles derived from the same study, we chose the
most complete data to analyze. Disputes between 2 authors were
resolved by discussion. Quality assessment of all RCTs
contained: allocation concealment, random sequence generation,
blinding (defined as single-blind or double-blind, the method of
2

blinding, blinding of participants and outcomes), missing data,
the risk of reporting bias, and other biases.[14]
2.4. Statistical analysis

All the data analyses were performed in ReviewManager version
5 (The Nordic Cochran Centre, Copenhagen, Denmark) and
STATA version 14.0 (Stata Corp, College Station, TX). Chi-
squared test and I2 test were used to examine the heterogeneity of
included studies (P� .10 and I2>50% indicating significant
heterogeneity, respectively). The outcome of SAEs and mortality
were calculated by the relative risk (RR) and 95% confidence
interval (CI) in a fixed effect model, and the mean change of the
quality of life and NT-proBNP from baseline were calculated by
the WMD with 95% CI using a random effect model due to high
heterogeneity. Potential publication bias was analyzed in Egger
test. In addition, sensitivity analyses were performed to assess the
stability of results, and a 2-tailed P-value< .05 was considered
significant.
3. Results

A total of 613 studies were obtained from database search. After
excluding duplicates, 5 RCTs fulfilled our inclusion criteria
finally, which were published from 2013 to 2017.[15–19] Full text
publications and supplemental materials were obtained online.
The process of literature search and reasons for exclusion are
described in Figure 1. On the whole, the RCTs in our meta-
analysis had relatively high quality.

3.1. Characteristics of included trials

A total of 1200 patients from 5 RCTs are summarized in Table 1.
The mean age of the patients ranged from 37 to 75 years and
mean follow-up duration of 30 days to 16 weeks and compared
with placebo. Included participants suffered from HF with
preserved ejection fraction (HFpEF, EF>40%) or reduced
ejection fraction (HFrEF, EF<40%). The dose ranged from
1.25 to 10mg/d for vericiguat, 0.5 to 2mg 3 times/d for riociguat.
Furthermore, the baseline demographic and medication charac-
teristics are summarized in Table 2. Part of patients had
complications, such as atrial fibrillation, diabetes mellitus, and
poor renal function. All patients received conventional anti-HF
therapies such as diuretics, angiotensin- converting-enzyme
inhibitors (ACEI), angiotensin II receptor blockers (ARB), b-
blockers, calcium channel blocker (CCB), and mineralocorticoid
receptor antagonist (MRA). The risk of bias of 5 included RCTs
was assessed with Cochrane risk of bias tool, most of items
indicated low risk (Fig. 2). However, there was insufficient
information about some items to permit a definite judgment.

3.2. Efficacy and safety outcomes

Included RCTs reported the effect of sGC stimulators in patients
with HF. There was no difference on mortality between sGC
stimulators and placebo groups (1.25, 95% CI=0.50–3.11,
P= .63) (Fig. 3), without significant heterogeneity (I2=0.0%,
P= .64). Health-related quality of life was assessed by using
EuroQol Group 5-Dmensional Self-report Questionnaire (EQ-
5D) US index scores in 3 studies. Therein, as a subgroup research,
1 study assessed the health status of patients who enrolled in the
SOCRATES-PRESERVED trial.[20] According to the pooled
results of trials that based on the fixed effect model, the sGC



Figure 1. Trial flow chart of search strategy and included criterion.

Table 1

Baseline characteristics of the studies included in meta-analysis.
References Study

design
Year Sample size

(n) (C/T)
Interventions (oral sGC
stimulators vs. placebo)

NYHA
class

LVEF (%) in T group
(mean ± SD)

Mean
follow-up

Endpoints of
meta-analysis

Pieske
(SOCRATES-PRESERVED)[13]

RCT 2017 93/384 Vericiguat 1.25, 2.5, 5,
or 10mg vs placebo

2–4 56.8±6.25 12 wk Mortality, SAE, EQ-5D Index
Score, NT-proBNP

Gheorghiade
(SOCRATES-REDUCED)[14]

RCT 2015 92/364 Vericiguat 1.25, 2.5, 5,
or 10mg vs placebo

2–4 29.9±8.5 16 wk Mortality, SAE, NT-proBNP

Bonderman (phase IIb)[17] RCT 2014 11/25 Riociguat 0.5, 1,
or 2mg vs placebo

NA NA 6 h, 30 d Mortality, SAE

Bonderman (DILATE-1)[15] RCT 2013 69/132 Riociguat 0.5, 1, or
2mg vs placebo

2–4 28.2±1.0 16 wk Mortality, SAE, EQ-5D Index
Score, NT-proBNP

Rosenkranz (PAH-CHD)[16] RCT 2015 7/23 Riociguat 1.5 or
2.5mg vs placebo

2–4 NA 12 wk Mortality, SAE, EQ-5D Index
Score, NT-proBNP

C= control group, DILATE= acute hemodynamic effects of riociguat in patients with pulmonary hypertension associated with diastolic heart failure, EQ-5D=EuroQol Group 5-Dmensional Self-report
Questionnaire, LVEF= left ventricular ejection fraction, NA=not available, NYHA=New York Heart Association, PAH-CHD= the patients with persistent/recurrent pulmonary arterial hypertension after correction
of congenital heart disease, SAE= serious adverse events, SD= standard deviation, SOCRATES-PRESERVED= soluble guanylate cyclase stimulator in heart failure patients with preserved ejection fraction,
SOCRATES-REDUCED= soluble guanylate cyclase stimulator in heart failure patients with reduced ejection fraction, T= treatment group.

Table 2

Characteristics of patients in the included trials.
References Mean age

(y) (T/C)
Males

(n%) (T/C)
Atrial fibrillation

(n%) (T/C)
DM (n%)
(T/C)

eGFR
(mean ± SD) (T/C)

Diuretics
(n%) (T/C)

ACEI
(n%) (T/C)

ARB (n%)
(T/C)

b-Blocker
(n%) (T/C)

CCB (n%)
(T/C)

MRA
(n%) (T/C)

Pieske (SOCRATE-
PRESERVED)[13]

74±9.1/73±9.8 50.5/51.8 37.6/40.4 50.5/48.2 52.3±20.6/55.6±20.0 91.4/92.2 43.0/39.3 34.4/33.9 81.7/79.2 32.3/36.7 41.9/36.2

Gheorghiade (SOCRATES-
REDUCED)[14]

67±13/68±12 79.3/80.5 32.6/34.1 44.6/48.9 57.8±17.4/58.8±20.0 93.5/94.5 56.5/62.6 22.8/22.8 90.2/90.1 NA 54.3/64.3

Bonderman (Phase IIb)[17] 75±16/70±20 45/36 55/40 45/44 NA NA 27/56 45/32 91/76 55/40 NA
Bonderman (DILATE-1)[15] 59±40/58±35 88/84 15/11 49/40 68.7±2.4/70±4.7 NA 67/73 28/29 46/52 NA NA
Rosenkranz (PAH-CHD)[16] 40±16/37±15 17/17 NA NA NA NA NA NA NA NA NA

ACEI=angiotensin-converting-enzyme inhibitor, ARB= angiotensin receptor blocker, C=control group, CCB= calcium channel blocker, DM=diabetic mellitus, eGFR=estimated glomerular filtration rate (mL/
min/1.73 m2), MRA=mineralocorticoid receptor antagonist, NA=not available, T= treatment group.
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Figure 2. Quality assessment of included randomized controlled trials.
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stimulators significantly improved the quality of life in patients
with HF (0.04, 95%CI=0.02–0.05, P< .001) (Fig. 4). There was
not significant heterogeneity in the 3 studies (I2=11%, P= .33).
Four studies investigated the effect of sGC stimulators on the

change of NT-proBNP from baseline. Considered the values
transformation was really complexed and could affect accuracy,
4

so we analyzed this value in 2 studies separately. Log (NT-
proBNP) was used in vericiguat group, which supported that
vericiguat did not statistically reduce the values of log (NT-
proBNP) as compared with placebo (0.04, 95% CI=�0.18 to
0.25, P= .74) (Fig. 5), without significant heterogeneity (I2=
24.1%, P= .25). However, the totally reverse results were



Figure 3. Meta-analysis of the effect of soluble guanylate cyclase stimulators on the mortality in patients with heart failure. CI = confidence interval, SOCRATES-
PRESERVED = soluble guanylate cyclase stimulator in heart failure patients with preserved ejection fraction, SOCRATES-REDUCED = soluble guanylate cyclase
stimulator in heart failure patients with reduced ejection fraction.

Figure 4. Meta-analysis of the effect of soluble guanylate cyclase stimulators on the change of EuroQol Group 5-Dmensional Self-report Questionnaire US index in
patients with heart failure. CI= confidence interval, SOCRATES-PRESERVED= soluble guanylate cyclase stimulator in heart failure patients with preserved ejection
fraction, SOCRATES-REDUCED = soluble guanylate cyclase stimulator in heart failure patients with reduced ejection fraction.

Figure 5. Meta-analysis of the effect of soluble guanylate cyclase stimulators on the change of log (NT-proBNP) and NT-proBNP in patients with heart failure. CI =
confidence interval, SOCRATES-PRESERVED = soluble guanylate cyclase stimulator in heart failure patients with preserved ejection fraction, SOCRATES-
REDUCED = soluble guanylate cyclase stimulator in heart failure patients with reduced ejection fraction.

Zheng et al. Medicine (2018) 97:41 www.md-journal.com
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Figure 6. Meta-analysis of the effect of soluble guanylate cyclase stimulators on the serious adverse events (SAEs) in patients with heart failure. CI = confidence
interval, SOCRATES-PRESERVED = soluble guanylate cyclase stimulator in heart failure patients with preserved ejection fraction, SOCRATES-REDUCED =
soluble guanylate cyclase stimulator in heart failure patients with reduced ejection fraction.
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achieved in the riociguat therapy with drastically reduced values
of NT-proBNP (�0.78; 95% CI=�1.01 to �0.47; P< .01)
(Fig. 5). No heterogeneity was found (I2=0.0%, P= .38).
Drug-related SAEs were reported after sGC stimulators

therapy in all the studies, which mainly contained ventricular
tachycardia, syncope, hypotension, and pulmonary hemorrhage.
The pooled data did not show a difference in SAEs between sGC
stimulators and placebo group (0.90, 95% CI=0.72� 1.12,
P= .34) (Fig. 6), and no significant heterogeneity (I2=0.0%,
P= .953). Based on the fixed effect model, 2 studies dealt with
patients using vericiguate showed RR of 0.88 (95% CI=0.70–
1.11, P= .27) without evidence of heterogeneity (I2=0.0%,
P= .64). While other 3 studies analyzed the effects of riociguat
that suggested a RR of 1.04 (95% CI=0.51–2.12, P= .92)
without obvious heterogeneity (I2=0.0%, P= .87).

3.3. Publication bias and sensitivity analysis

Funnel plots and Egger test were implemented to evaluate the
potential publication bias of mortality and SAE (Fig. 7A and B).
Figure 7. The funnel plot for publication bias about
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We did not observe publication bias in the assessment (P= .250
and P= .171). Meanwhile, the publication bias for the change of
EQ-5D US index score and NT-proBNP were not tested because
of the insufficient studies. Sensitivity analyses were also used to
test the stability of our estimates (Fig. 8A and B), there were no
significant modification after excluding each study one by one.

4. Discussion

We achieved some important findings in this meta-analysis. First,
sGC stimulators had no beneficial or detrimental effects on
mortality. Second, sGC stimulators would improve quality of life
in the patients with HF. Third, 2 kinds of sGC stimulators have
different effects on the level of plasma NT-proBNP. There was
remarkably reduction of NT-proBNP in the treatment of
riociguat but not in vericiguat group. Fourth, sGC stimulators
appeared well tolerant without an excess in drug-related SAEs as
compared with placebo.
Cytosolic sGC-derived cGMP production regulates vascular

rhythm and myocardium contractility in vascular smooth muscle
the mortality (A) and serious adverse events (B).
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Figure 8. The sensitivity analyses for the mortality (A) and serious adverse event (B).
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cells and cardiac myocytes. The NO-sGC-cGMP signaling
pathway represents a therapeutic target in HF.[24] In our meta-
analysis, both sGC stimulators had no significant impact on the
mortality in HF patients, which were well tolerated and did not
worsen the prognosis of HF. Meanwhile, higher EQ-5D US index
scores were achieved after using of vericigaut and riociguat, which
reflected the improved health of patientswithHF.[25,26]Moreover,
SOCRATES-PRESERVEDtrial reportedhigherdoses of vericigaut
(5 and 10mg) mainly played the import role in increasing scores.
But dose-dependent effects are not observed in the treatment of
riociguat. Because we merged all different doses of vericiguat and
riociguat to analyze,which avoided the effects of different doses on
some degree. On the whole, sGC stimulators should be favorable
for improving overall health status of patients.
It has been demonstrated that the mean level of plasma NT-

proBNP is a major biomarker, which will be higher in patients
with HF.[27,28] Moreover, higher level of NT-proBNP is a critical
marker of deteriorative HF that may be associated with poor
prognosis.[29,30] The pooled data of veriguat treatment showed
no significant different in NT-proBNP reduction compared with
placebo in SOCRATES-PRESERVED study.[20] However, a
reduction has been observed with high dose of vericiguat in
SOCRATES-REDUCED.[16] Although gathered data suggested
that vericiguat did not have significant effect on the change of
NT-proBNP level, the influence about different types of patients
with HF should be considered. Dose-response relationship and
insufficient treatment duration could be considered. Further-
more, the fact that NT-proBNP decreased dramatically in the
treatment of riociguat at the similar treatment duration. We
analyzed NT-porBNP in 2 sGC stimulators therapy separately to
avoid complicated value transformation, the difference between
vericiguat and riociguat may be explained by different protocol
and the characteristics of patients at baseline. Additionally, more
studies are needed to explore the potential mechanism of 2 kinds
of sGC stimulators in patients with HF.
It is important to recognize that several drug-related SAEs were

reported in the included studies, no significant statistical
differences between sGC stimulators group and placebo group.
However, the number of SAEs in the treatment of vericiguat
seemed to be more than riociguat group and placebo group. This
is a meaningful finding that should be explored in larger sample
size, and longer follow-up as well as additional prognostic
endpoints would be implemented to understand the exact
mechanisms.
7

This study has many strengths. All included studies are high-
quality, randomized, and controlled trials,whichbydesign prevent
the influence of both known and unknown confounding factors.
The results detect the difference and disclose the positive function
of sGC stimulators, providing reliable references for subsequent
researchers. However, some limitations of this meta-analysis
should not be neglected. The dose–response relationship within 2
subtypes of sGC stimulators were not analyzed due to insufficient
sample size and short treatment duration, whichmay cause bias to
some degree. Meanwhile, the subtypes of patients with HF were
also not distinguished completely, limited data cannot be gathered
because of unpublished ongoing studies.[31,32] Outcome data were
incomplete for most trials, such as blood pressure, cardiac index,
and ejection fraction. Additionally, the lack of effective method to
implement value transformation may lead to overestimation or
underestimation of the effect size. Finally, inherent limitations due
to the pooling data from different control groups, follow-up time,
and dosage of medicines, which might influence accuracy of the
results. Consequently, more relative data and long-term benefits
should be observed in the future.
5. Conclusion

In conclusion, these findings from our study suggest that oral sGC
stimulators vericiguat and riociguat elicit benefits on health-
related quality of life in patients with HF, with good tolerance
and safety. But they may not bring long-term benefits. As novel
anti-HF medicines, sGC stimulators can be add-on therapies for
the management of patients with HF.
Acknowledgment

The authors sincerely thank the editor for helping us edit our
manuscript professionally.
Author contributions

Conceptualization: Xiaoyu Zheng, Jing Huang.
Data curation: Weijin Zheng, Bo Xiong.
Formal analysis: Xiaoyu Zheng, Bo Xiong.
Investigation: Bo Xiong.
Methodology: Xiaoyu Zheng, Weijin Zheng, Bo Xiong.
Project administration: Xiaoyu Zheng.
Software: Weijin Zheng.

http://www.md-journal.com


worsening chronic heart failure and reduced ejection fraction: The

Zheng et al. Medicine (2018) 97:41 Medicine
Supervision: Jing Huang.
Validation: Weijin Zheng.
Writing – original draft: Xiaoyu Zheng.
Writing – review & editing: Jing Huang.
References

[1] Foebel AD, Heckman GA, Ji K, et al. Heart failure-related mortality and
hospitalization in the year following admission to a long-term care
facility: the geriatric outcomes and longitudinal decline in heart failure
(GOLD-HF) study. J Card Fail 2013;19:468–77.

[2] Duffy SJ, Castle SF, Harper RW, et al. Contribution of vasodilator
prostanoids and nitric oxide to resting flow, metabolic vasodilation, and
flow-mediated dilation in human coronary circulation. Circulation
1999;100:1951–7.

[3] Sandner P, Stasch JP. Anti-fibrotic effects of soluble guanylate cyclase
stimulators and activators: a review of the preclinical evidence. Respir
Med 2017;122:S1–9.

[4] Rapôso C, Luna RL, Nunes AK, et al. Role of iNOS-NO-cGMP signaling
inmodulation of inflammatory andmyelination processes. Brain Res Bull
2014;104:60–73.

[5] Torfgard KE, Torfgård Ahlner J. Mechanisms of action of nitrates.
Cardiovasc Drugs Ther 1994;8:701–17.

[6] Ignarro LJ, Byrns RE, Wood KS. Endothelium-dependent modulation of
cGMP levels and intrinsic smooth muscletone in isolated bovine
intrapulmonary artery and vein. Circ Res 1987;60:82–92.

[7] Schermuly RT, Stasch JP, Pullamsetti SS, et al. Expression and function of
soluble guanylate cyclase in pulmonary arterial hypertension. Eur Respir
J 2008;32:881–91.

[8] Wardle AJ, SeagerMJ, Wardle R, et al. Guanylate cyclase stimulators for
pulmonary hypertension. Cochrane Database Syst Rev 2016;
CD011205.

[9] Breitenstein S, Roessig L, Sandner P, et al. Novel sGC stimulators and
sGC activators for the treatment of heart failure. Handb Exp Pharmacol
2017;243:225–47.

[10] Mitrovic V, Jovanovic A, Lehinant S. Soluble guanylate cyclase
modulators in heart failure. Curr Heart Fail Rep 2011;8:38–44.

[11] Stasch JP, Becker EM, Alonso-Alija C, et al. NO-independent regulatory
site on soluble guanylate cyclase. Nature 2001;410:212–5.

[12] Dasgupta A, Bowman L, D’Arsigny CL, et al. Soluble guanylate cyclase: a
new therapeutic target for pulmonary arterial hypertension and chronic
thromboembolic pulmonary hypertension. Clin Pharmacol Ther
2015;97:88–102.

[13] Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann
Intern Med 2009;151:264–9.

[14] Ghimire S, Kyung E, Kang W, et al. Assessment of adherence to the
CONSORT statement for quality of reports on randomized controlled
trial abstracts from four high-impact general medical journals. Trials
2012;13:77.

[15] Pieske B, Maggioni AP, Lam CSP, et al. Vericiguat in patients with
worsening chronic heart failure and preserved ejection fraction: results of
the SOluble guanylate Cyclase stimulatoR in heArT failurE patientS with
PRESERVED EF (SOCRATES-PRESE RVED) study. Eur Heart J
2017;38:1119–27.

[16] Gheorghiade M, Greene SJ, Butler J, et al. SOCRATES-REDUCED
Investigators and Coordinators Effect of Vericiguat, a soluble guanylate
cyclase stimulator, on natriuretic peptide levels in patients with
8

SOCRATES-REDUCED Randomized Trial. JAMA 2015;314:2251–62.
[17] Bonderman D, Pretsch I, Steringer-Mascherbauer R, et al. Acute

hemodynamic effects of rociguat in patients with pulmonary hypertension
associated with diastolic heart failure (DILATE-1): a randomized, double-
blind, placebo-controlled, single-dose study. Chest 2014;146:1274–85.

[18] Rosenkranz S, Ghofrani HA, Beghetti M, et al. Riociguat for pulmonary
arterial hypertension associated with congenital heart disease. Heart
2015;101:1792–9.

[19] Bonderman D, Ghio S, Felix SB, et al. Left Ventricular Systolic
Dysfunction Associated With Pulmonary Hypertension Riociguat Trial
(LEPHT) Study Group Riociguat for patients with pulmonary
hypertension caused by systolic left ventricular dysfunction: a phase
IIb double-blind, randomized, placebo-controlled, dose-ranging hemo-
dynamic study. Circulation 2013;128:502–11.

[20] Filippatos G,Maggioni AP, LamCSP, et al. Patient-reported outcomes in
the SOluble guanylate Cyclase stimulatoR in heArT failurE patientS with
PRESERVED EF (SOCRATES-PRESERVED) study. Eur J Heart Fail
2017;19:782–91.

[21] Lim SL, Lam CS, Segers VF, et al. Cardiac endothelium-myocyte
interaction: clinical opportunities for new heart failure therapies
regardless of ejection fraction. Eur Heart J 2015;36:2050–60.

[22] Seddon M, Shah AM, Casadei B. Cardiomyocytes as effectors of nitric
oxide signaling. Cardiovasc Res 2007;75:315–26.

[23] Cawley SM, Kolodziej S, Ichinose F, et al. sGC{alpha}1 mediates the
negative inotropic effects of NO in cardiac myocytes independent of
changes in calcium handling. Am J Physiol Heart Circ Physiol 2011;301:
H157–63.

[24] Boerrigter G, Costello-Boerrigter LC, Cataliotti A, et al. Targeting heme-
oxidized soluble guanylate cyclase in experimental heart failure.
Hypertension 2007;49:1128–33.

[25] Eurich DT, Johnson JA, Reid KJ, et al. Assessing responsiveness of
generic and specific health related quality of life measures in heart failure.
Health Qual Life Outcomes 2006;4:89.

[26] Berg J, Lindgren P, Mejhert M, et al. Determinants of utility based on the
EuroQol ve-dimensional questionnaire in patients with chronic heart
failure and their change over time: results from the Swedish Heart Failure
Registry. Value Health 2015;18:439–48.

[27] Kubler P, Jankowska EA, Majda J, et al. Lack of decrease in plasma N-
terminal pro-brain natriuretic peptide identifies acute heart failure
patients with very poor outcome. Int J Cardiol 2008;129:373–8.

[28] Richards AM. N-terminal B-type natriuretic peptide in heart failure.
Heart Fail Clin 2018;14:27–39.

[29] Bettencourt P, Azevedo A, Pimenta J, et al. N-terminal-pro-brain
natriuretic peptide predicts outcome after hospital discharge in heart
failure patients. Circulation 2004;110:2168–74.

[30] Manzano-Fernández S, Januzzi JL, Boronat Garcia M, et al. Compara-
tive prognostic value of plasma and urinary N-terminal pro-B-type
natriuretic peptide in patients with acute destabilized heart failure. Rev
Esp Cardiol 2011;64:365–72.

[31] Armstrong PW, Roessig L, Patel MJ, et al. A multicenter, randomized,
double-blind, placebo-controlled trial of the efficacy and safety of the
oral soluble guanylate cyclase stimulator: the VICTORIA trial. JACC
Heart Fail 2018;6:96–104.

[32] Mascherbauer J, Grünig E, Halank M, et al. Evaluation of the
pharmacoDYNAMIC effects of riociguat in subjects with pulmonary
hypertension and heart failure with preserved ejection fraction: study
protocol for a randomized controlled trial. Wien Klin Wochenschr
2016;128:882–9.


	The efficacy and safety of soluble guanylate cyclase stimulators in patients with heart failure
	1 Introduction
	2 Methods
	2.1 Data sources
	2.2 Study selection
	2.3 Data extraction and quality assessment
	2.4 Statistical analysis

	3 Results
	3.1 Characteristics of included trials
	3.2 Efficacy and safety outcomes
	3.3 Publication bias and sensitivity analysis

	4 Discussion
	5 Conclusion
	Acknowledgment
	Author contributions
	References


