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Abstract
Over the past decade, several trials have questioned the efficacy of vasodilator therapy in acute heart failure
(AHF) in the absence of uncontrolled hypertension. In this article, we provide a unique review of the most
valuable four trials that present the role of vasodilator therapy in the management of patients with AHF.

These four trials have evaluated the efficacy of different types of vasodilators such as nesiritide, ulatritide,
and serelaxin in the setting of AHF. Also, we compared comprehensive vasodilator therapy versus standard
therapy to see if there is any effect on mortality and re-hospitalization.
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Introduction And Background
Heart failure has a major impact on the morbidity and mortality of patients in the United States and across
the world. Around 6.5 million adults in the United States have heart failure [1]. Heart failure was a
contributing cause of one in eight deaths in 2017 according to the Centers for Disease Control and
Prevention, National Center for Health Statistics [2]. The 2019 American Heart Association (AHA) report
demonstrated that heart failure cost the nation an estimated $30.7 billion in 2012 [2]. This total includes the
cost of health care services, medication, and lost productivity. The World Bank estimated the global
economic loss at $108 billion per year [3]. This number may underestimate the true scale of disease as there
is a considerable population with asymptomatic left ventricular (LV) systolic dysfunction.

Acute decompensated heart failure is defined as acute onset of shortness of breath caused by the
accumulation of fluid within pulmonary interstitial and alveolar spaces [4]. Heart failure with preserved
ejection fraction (HFpEF) is consistently a significant feature in the clinical trials of acute heart failure
(AHF). Those patients presenting with AHF in the context of preserved LV systolic function tend to be older
women who are more likely to have hypertension [5]. No study to date presents any convincing impact of
vasodilator therapy on mortality rates in patients admitted with AHF. Hospitalization for AHF is associated
with high rates of re-hospitalization and mortality. In a study, all-cause readmission or death was reported
in 26% and 38% within 30 days and 60 days of discharge, respectively [6]. High mortality and readmission
rates may be linked to end-organ damage during the period of severe pulmonary congestion, such as an
injury to kidneys and myocardium [7].

For normotensive patients, urgent initial intravenous loop diuretic therapy is a mainstay of management for
AHF. Even in the setting of acute kidney injury, diuretic therapy is still warranted [8]. In AHF resulting from
uncontrolled hypertension, pulmonary edema is caused by fluid redistribution resulting from LV
dysfunction, increased cardiac work, and vasoconstriction. In this scenario, vasodilator therapy may be
required to reduce LV afterload rapidly [9]. However, in normotensive patients, the most common etiology of
AHF is intravascular volume overload; therefore, the role of vasodilator therapy is unclear. Nevertheless,
researchers have suggested that if pulmonary congestion persists despite adequate diuresis, vasodilator
therapy can be used temporarily [10]. We will provide an overview of the most recent high-impact studies on
the efficacy of vasodilator therapy in the treatment of AHF in normotensive patients (Table 1).
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Trials Design Drug used MOA of the drug Primary endpoint/outcome

ASCEND-
HF

Randomized, double-blind,
placebo-controlled, multicenter,
multinational

Nesiritide 
Recombinant B-type
natriuretic peptide

No significant difference in the reduction of
dyspnea, rate of hospitalization, or death at 30
days when compared to placebo [11]

TRUE-
AHF 

Randomized, double-blind,
parallel-group, placebo-controlled,
event-driven 

Ularitide
A synthetic analog of
the endogenous
vasodilator urodilatin

No significant influence on an initial 48-hour
clinical course or long-term endpoint when
compared to placebo [12]

RELAX-
AHF-2

Randomized, double-blind,
placebo-controlled, event-driven,
multicenter 

Serelaxin
The recombinant form
of human relaxin 2 

No significant effect on the worsening of heart
failure at five days or death due to cardiovascular
causes at 180 days [13]

GALACTIC
Investigator-initiated, randomized,
open-label blinded-endpoint,
multinational, multicenter

SL/TD nitrates,
PO hydralazine,
ACE-I/ARBs

Variable
No significant difference between the two groups
for all-cause mortality or re-hospitalization in acute
heart failure at 180 days [14]

TABLE 1: Summary of different trials in acute heart failure
ASCEND-HF, Acute Study of Clinical Effectiveness of Nesiritide in Decompensated Heart Failure; TRUE-AHF, Trial of Ularitide Efficacy and Safety in
Acute Heart Failure; RELAX-AHF-2, Relaxin in Acute Heart Failure-2 Trial; GALACTIC, Goal-Directed Afterload Reduction in Acute Congestive
Cardiac Decompensation; ACE-I, angiotensin-converting enzyme inhibitor; ARBs, angiotensin receptor blockers; MOA, mechanism of action; PO,
per oral; SL, sublingual; TD, transdermal

Review
ASCEND-HF trial
The ASCEND-HF (Acute Study of Clinical Effectiveness of Nesiritide in Decompensated Heart Failure) trial
studied the effect of nesiritide in patients with AHF [11]. Nesiritide is a recombinant B-type natriuretic
peptide with vasodilator properties [15] and was approved by the FDA in the USA in 2001 for use in patients
with AHF based on results from the VMAC (Vasodilation in the Management of Acute Congestive Heart
Failure) trial. The VMAC study included 498 patients and compared the effect of nesiritide (compared to
placebo) on dyspnea at three hours. The effect was similar to that of intravenous nitroglycerin, and no
significant difference in the groups was detected at 24 hours. The VMAC protocol encouraged the
withholding of additional therapy unless it was required to alleviate worsening symptoms [16]. In
subsequent pooled analyses, data from multiple small randomized trials suggest that, when compared with
placebo, nesiritide was associated with worsening renal function and increased rate of early death [17,18].
ASCEND-HF was a randomized, double-blind, placebo-controlled trial of nesiritide in addition to standard
care. The trial was conducted from 2007 to 2010 at 398 centers throughout the world. The authors randomly
assigned 7,141 patients hospitalized with AHF to receive nesiritide or placebo for 24 to 168 hours in addition
to standard care that included diuretics, morphine, and other vasoactive medications as determined by the
investigator based on guideline-directed medical therapy. The study groups were well balanced and similar
in all respects [11].

The study had two co-primary endpoints: the change in self-reported dyspnea at 6 hours and 24 hours after
study-drug initiation and the composite endpoint of re-hospitalization for heart failure and death from any
cause for up to 30 days after randomization. Dyspnea was measured with the self-reported 7-point
categorical Likert scale, ranging from "markedly better" to "markedly worse," as compared with the degree of
dyspnea present at the start time of study-drug administration. Patients assigned to the intervention group
(nesiritide) reported improved dyspnea at six hours (44.5% vs. 42.1%; p=0.03) and 24 hours (68.2% vs. 66.1%;
p=0.007), but did not met the significant criteria (p≤0.005 for both assessments or p≤0.0025 for either). There
was no significant difference in the rate of all-cause 30-day re-hospitalization. Death from any cause at
30days was 9.4% in the nesiritide group versus 10.1% in the placebo group (absolute difference of −0.7
percentage points; 95% confidence interval [CI]: −2.1 to 0.7; p=0.31). Additionally, there was no significant
difference in the rate of worsening renal function, as defined by more than 25% decrease in estimated
glomerular filtration rate (eGFR) (31.4% vs. 29.5%; odds ratio: 1.09; 95% CI: 0.98-1.21; p=0.11). However, an
updated systematic overview of 30-day mortality data in trials involving patients with acute decompensated
heart failure that compared nesiritide with placebo or other control agents showed no adverse effect of
nesiritide on survival [11].

ASCEND-HF had several limitations. The study population included a broad range of disease severity in
patients with AHF, the evaluation of dyspnea was rudimentary, and the clinical event rate was lower than
expected. The observed effect of nesiritide on dyspnea was small and could be attributed to other therapies
that improved pulmonary edema or congestion. While nesiritide had no impact on the rate of death, re-
hospitalization, or worsening of renal function, it was associated with an increase in the rate of
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hypotension [11].

TRUE-AHF trial
The TRUE-AHF (Trial of Ularitide Efficacy and Safety in Acute Heart Failure) trial studied prompt
administration of ularitide, a synthetic analog of the naturally occurring vasodilator, urodilatin. The stated
objectives were to achieve favorable physiological effects in 48-hour periods and to evaluate death from
cardiovascular causes up to 15 months. TRUE-AHF was a randomized, double-blind, parallel-group, placebo-
controlled, event-driven trial. In this trial, 2,157 patients with AHF were assigned to receive a continuous
intravenous infusion of either ularitide or matching placebo for 48 hours, in addition to standard therapy.
Treatment was initiated at a median of six hours after the initial clinical evaluation. The co-primary
outcomes were to evaluate the long-term effect of this medication on death from cardiovascular causes
during a median follow-up of 15 months and a hierarchical composite short-term endpoint that evaluated
the initial 48-hour clinical course [12].

A global patient assessment was used to quantify changes in symptoms of heart failure at 6, 24, and 48
hours after the initiation of the ularitide infusion by evaluation of levels of N-terminal pro-B-type
natriuretic peptide (NT-proBNP) and high-sensitivity troponin-T before the start of the infusion and after 48
hours. Patients were monitored for persistent or worsening heart failure signs and symptoms for the first
120 hours. They were also allowed to receive any oral or intravenous medications for heart failure deemed
clinically appropriate. Patients were followed for re-hospitalization in six months and death for the entire
duration of the trial. When the trial started, investigators focused on the short-term clinical course of
patients, and the clinical composite was the sole primary endpoint. When researchers from the RELAX-AHF
(Relaxin in Acute Heart Failure-2 Trial) trial reported a potential mortality reduction [19], the TRUE-AHF
investigators added cardiovascular mortality as a co-primary endpoint [12].

In the assessment of the co-primary outcome of death from cardiovascular causes, there was no significant
difference (236 patients in the ularitide group versus 225 patients in the placebo group (21.7% vs. 21.0%;
hazard ratio: 1.03; 95% confidence interval [CI]: 0.85-1.25; p=0.75). The original co-primary outcome,
hierarchical clinical composite, did not differ significantly consistently across prespecified groups as well as
in subgroups that were defined according to baseline levels of NT-proBNP and troponin-T. There was no
benefit of ularitide for any of the clinical secondary outcome measures. Even though they were exploratory,
the tests for two co-primary outcomes were not significant [12].

Regarding safety assessment, patients in the ularitide group were more likely to have hypotension (not
unexpected given ularitide’s vasodilator effect) and more likely to discontinue treatment compared to the
placebo group. At 48 hours, the ularitide group had significantly higher hematocrit values (p<0.001), higher
serum creatinine levels (p=0.005), and lower hepatic transaminase values (p<0.001) than those in the
placebo group. The increase in the serum creatinine level persisted at 72 hours but not after 30 days.
Ularitide likely reduced cardiac wall stress more than placebo, as indicated by a more rapid reduction in NT-
proBNP levels; however, there was no reduction in the rate of myocardial injury (as indicated by cardiac
troponin-T levels), no significant impact on the clinical composite endpoint, and no apparent influence on
cardiovascular mortality [12].

Findings of the TRUE-AHF trial are different from those of the RELAX-AHF trial, where treatment with the
serelaxin led to decreases in NT-proBNP levels as well as decreased rates of in-hospital worsening of heart
failure followed by reductions in cardiovascular mortality [19]. However, the survival benefits reported in
the RELAX-AHF trial may have been due to chance, as investigators did not adjudicate in-hospital heart
failure events. Additionally, RELAX-AHF was not designed to evaluate the risk of cardiovascular death. In
RELAX-AHF, cardiac troponin levels were noted to have a small transient decrease (<10%) in the patients
who received serelaxin. However, the decline in troponin-T was not observed in TRUE-AHF or in trials of
other vasodilators [19]. The significance of this finding is questionable since serelaxin did not reduce
mortality in the recently completed RELAX-AHF-2 trial [13].

RELAX-AHF-2 trial
RELAX-AHF-2 is a multicenter, randomized, double-blind, placebo-controlled, event-driven trial of
serelaxin in addition to standard care in patients with AHF. A total of 6,545 patients were randomly assigned
to receive either a 48-hour intravenous infusion of serelaxin (a recombinant form of human relaxin-2, a
vasodilator hormone that contributes to cardiovascular and renal adaptations during pregnancy) or placebo,
in addition to standard care. The two primary endpoints were death from cardiovascular causes at 180 days
and worsening heart failure at five days. At day 180, adjudicated death from cardiovascular causes had
occurred in 285 (8.7%) patients in the serelaxin group and in 290 (8.9%) patients in the placebo group
(hazard ratio: 0.98; 95% CI: 0.83-1.15; p=0.77). At day 5, worsening heart failure had occurred in 227 (6.9%)
patients in the serelaxin group and 252 (7.7%) patients in the placebo group (hazard ratio: 0.89; 95% CI:
0.75-1.07; p=0.19) [13].

Concerning safety, a similar percentage of patients in serelaxin versus placebo had at least one adverse
event in the first five days (53.1% and 52.1%, respectively) and re-hospitalization for heart failure or renal
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failure was comparable (24.3% and 24.9%). There were no significant differences between the groups in the
incidence of death from any cause at 180 days, the incidence of death from cardiovascular causes, re-
hospitalization for heart failure or renal failure at 180 days, or the length of hospital stay [13]. The incidence
of adverse events was similar in both groups.

GALACTIC trial
The most recently published trial, GALACTIC (Goal-Directed Afterload Reduction in Acute Congestive
Cardiac Decompensation), explored the effect of a strategy of comprehensive vasodilation versus usual care
on mortality and heart failure re-hospitalization among patients with AHF. GALACTIC was an investigator-
initiated, randomized, open-label, blinded endpoint, multinational, multicenter trial in which 788 patients
were randomized 1:1 to a strategy of early intensive and sustained vasodilation throughout hospitalization
or usual care. Treatment was initiated with sublingual nitrates or nitro-spray followed by high and
maximally tolerated blood pressure adjusted doses of transdermal nitrates along with rapid up-titration of
angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), or sacubitril-
valsartan. On day 3, the transdermal nitrate dose was gradually decreased, while up-titration of ACE
inhibitors, ARBs, or sacubitril-valsartan was continued until hospital discharge. The combination of a more
rapid lowering of intracardiac filling pressures by high-dose nitrates combined with hydralazine and higher
doses of disease-modifying drugs proven beneficial in heart failure with reduced ejection fraction (HFrEF)
throughout the study period was hypothesized to result in improved outcomes. The primary endpoint was a
composite of all-cause mortality or re-hospitalization for AHF at 180 days [14].

The strategy of comprehensive vasodilation versus usual care did not significantly improve a composite
outcome of all-cause mortality and AHF re-hospitalizations at 180 days (30.6% vs. 27.8%, respectively). The
most common clinically significant adverse events with early intensive and sustained vasodilation compared
to standard care were hypokalemia (23% vs. 25%), worsening renal function (21% vs. 20%), headache (26% vs.
10%), dizziness (15% vs. 10%), and hypotension (8% vs. 2%). GALACTIC was unique in the utilization of the
comprehensive strategy of early and sustained intensive vasodilation using individualized doses of well-
characterized, widely available, and inexpensive drugs, rather than a single novel and expensive drug at a
fixed dose. Nonetheless, GALACTIC had certain limitations: low statistical power and limited application to
patients with renal dysfunction and hypotension [14].

Discussion
The trials applying intravenous vasodilator therapy during hospitalization for AHF (such as ularitide in
TRUE-AHF, nesiritide in ASCEND-HF, serelaxin in RELAX-AHF-2) and comprehensive vasodilator regimen
in the GALACTIC trial have failed to show a benefit for long-term cardiovascular mortality. The main
rationale behind these trials was the assumption that early short-term interventions that attenuate cardiac
wall stress may reduce myocardial injury during a critical period and have favorable long-term effects by
decreasing fibrosis and remodeling. However, most of the patients included in these cohorts already had a
previous diagnosis of heart failure or myocardial infarction at the time of enrollment, with a significant
proportion previously admitted for AHF. Thus, what has been referred to as “early administration” of
vasodilator therapy might not have been early enough in the chronic disease course of such patients. This
makes the endpoints set in these trials unrealistic when they expect a brief course of vasodilator therapy to
show a long-term benefit on mortality when introduced in an already remodeled myocardium. An accurate
assessment of the role of early vasodilator therapy in AHF may be particularly challenging. Future trials
might need to recruit patients earlier in their disease course when they have a more salvageable
myocardium and set more practical endpoints in order to objectively assess the hypothesized protective
effects of vasodilators.

The pathophysiology of AHF is a complex process, usually including hemodynamic and neurohormonal
dysregulation. Hemodynamic dysregulation occurs because of volume or pressure overload or reduced
cardiac output, causing increased filling pressure and, consequently, pulmonary edema. Neurohormonal
dysregulation results from acutely reduced cardiac output, which leads to baroreceptor-mediated
sympathetic activation, causing increased heart rate, blood pressure, and vasoconstriction. This response
acutely compensates for reduced cardiac output. Eventually, it leads to myocardial beta-receptor
downregulation and a decrease of myocardial inotropic response to normal stimuli, with the result being
over-activation of the renin-angiotensin-aldosterone system [20]. Standard goal-directed therapy and
neurohormonal drugs, which mainly target the renin-angiotensin system, have only shown long-term
benefits in HFrEF patients. Still, no single treatment has been proven to improve prognosis in HFpEF [21].
Many clinical trials that studied the effect of different therapeutic strategies on outcomes in HFrEF mainly
included patients with left ventricular ejection fraction (LVEF) lower than 35-40%. This resulted in a “grey
area” of heart failure patients with an LVEF of 40-49%, where the role of the standard goal-directed therapy
is unclear. This category of heart failure is referred to as heart failure with mid-range ejection fraction
(HFmrEF) [22]. It is important to note that the aforementioned vasodilator trials did not distinguish between
HFrEF or HFpEF, which are different disease processes in terms of pathophysiology and treatment. A
significant proportion of the patients studied in these trials had an LVEF of more than or equal to 40%.

Further stratification of patients based on LVEF could have shed some light on the possible differential role
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of vasodilator therapy in these various categories. Besides, it is important to keep in mind that the agents
studied in these trials vary in their pharmacological targets despite having the same concept. This makes
head-to-head comparison difficult when implementing them clinically. 

Another rationale for the utilization of vasodilator therapy is to reduce pulmonary congestion without
experiencing the adverse effects of loop diuretics. In patients with AHF who have dyspnea and elevated
blood pressure at presentation, vasodilators have proven effective, which makes physiological sense as they
reduce the afterload to balance impedance against forward cardiac flow [23,24]. However, in normotensive
patients with AHF, the role of aggressive vasodilator therapy remains controversial and has not proven its
efficacy.

Conclusions
In conclusion, the use of vasodilator agents in patients with AHF remains controversial despite its
pathophysiological sense. Clinical trials to this time have not been able to show a long-term survival benefit,
potentially due to the reasons mentioned earlier. However, they have been at least able to show an
improvement in dyspnea and some short-term outcomes. Further studies are needed to explore the long-
term outcomes of these agents before we make conclusions about their implementation in standard
practice.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
Aisha Batool and Negar Salehi have equal contribution and both will share the first authorship.

References
1. Benjamin EJ, Muntner P, Alonso A, et al.: Heart disease and stroke statistics-2019 update: a report from the

American Heart Association. Circulation. 2019, 139:e56-e528. 10.1161/CIR.0000000000000659
2. Underlying Cause of Death 1999-2019. (2019). Accessed: January 7, 2019:

https://wonder.cdc.gov/wonder/help/ucd.html.
3. Mosterd A, Hoes AW: Clinical epidemiology of heart failure. Heart. 2007, 93:1137-46.

10.1136/hrt.2003.025270
4. Ponikowski P, Voors AA, Anker SD, et al.: 2016 ESC Guidelines for the diagnosis and treatment of acute and

chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of
the European Society of Cardiology (ESC)Developed with the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur Heart J. 2016, 37:2129-200. 10.1093/eurheartj/ehw128

5. Yancy CW, Lopatin M, Stevenson LW, De Marco T, Fonarow GC: Clinical presentation, management, and in-
hospital outcomes of patients admitted with acute decompensated heart failure with preserved systolic
function: a report from the Acute Decompensated Heart Failure National Registry (ADHERE) Database. J Am
Coll Cardiol. 2006, 47:76-84. 10.1016/j.jacc.2005.09.022

6. Vader JM, LaRue SJ, Stevens SR, et al.: Timing and causes of readmission after acute heart failure
hospitalization-insights from the Heart Failure Network Trials. J Card Fail. 2016, 22:875-83.
10.1016/j.cardfail.2016.04.014

7. Harjola VP, Mullens W, Banaszewski M, et al.: Organ dysfunction, injury and failure in acute heart failure:
from pathophysiology to diagnosis and management. A review on behalf of the Acute Heart Failure
Committee of the Heart Failure Association (HFA) of the European Society of Cardiology (ESC). Eur J Heart
Fail. 2017, 19:821-36. 10.1002/ejhf.872

8. Ellison DH, Felker GM: Diuretic treatment in heart failure . N Engl J Med. 2017, 377:1964-75.
10.1056/NEJMra1703100

9. Viau DM, Sala-Mercado JA, Spranger MD, O'Leary DS, Levy PD: The pathophysiology of hypertensive acute
heart failure. Heart. 2015, 101:1861-7. 10.1136/heartjnl-2015-307461

10. Hollenberg SM, Warner Stevenson L, Ahmad T, et al.: 2019 ACC Expert Consensus Decision Pathway on risk
assessment, management, and clinical trajectory of patients hospitalized with heart failure: a report of the
American College of Cardiology Solution Set Oversight Committee. J Am Coll Cardiol. 2019, 74:1966-2011.
10.1016/j.jacc.2019.08.001

11. O'Connor CM, Starling RC, Hernandez AF, et al.: Effect of nesiritide in patients with acute decompensated
heart failure. N Engl J Med. 2011, 365:32-43. 10.1056/NEJMoa1100171

12. Packer M, O'Connor C, McMurray JJV, et al.: Effect of ularitide on cardiovascular mortality in acute heart
failure. N Engl J Med. 2017, 376:1956-64. 10.1056/NEJMoa1601895

13. Metra M, Teerlink JR, Cotter G, et al.: Effects of Serelaxin in patients with acute heart failure . N Engl J Med.
2019, 381:716-2. 10.1056/NEJMoa1801291

2021 Batool et al. Cureus 13(8): e17126. DOI 10.7759/cureus.17126 5 of 6

https://dx.doi.org/10.1161/CIR.0000000000000659
https://dx.doi.org/10.1161/CIR.0000000000000659
https://wonder.cdc.gov/wonder/help/ucd.html
https://wonder.cdc.gov/wonder/help/ucd.html
https://dx.doi.org/10.1136/hrt.2003.025270
https://dx.doi.org/10.1136/hrt.2003.025270
https://dx.doi.org/10.1093/eurheartj/ehw128
https://dx.doi.org/10.1093/eurheartj/ehw128
https://dx.doi.org/10.1016/j.jacc.2005.09.022
https://dx.doi.org/10.1016/j.jacc.2005.09.022
https://dx.doi.org/10.1016/j.cardfail.2016.04.014
https://dx.doi.org/10.1016/j.cardfail.2016.04.014
https://dx.doi.org/10.1002/ejhf.872
https://dx.doi.org/10.1002/ejhf.872
https://dx.doi.org/10.1056/NEJMra1703100
https://dx.doi.org/10.1056/NEJMra1703100
https://dx.doi.org/10.1136/heartjnl-2015-307461
https://dx.doi.org/10.1136/heartjnl-2015-307461
https://dx.doi.org/10.1016/j.jacc.2019.08.001
https://dx.doi.org/10.1016/j.jacc.2019.08.001
https://dx.doi.org/10.1056/NEJMoa1100171
https://dx.doi.org/10.1056/NEJMoa1100171
https://dx.doi.org/10.1056/NEJMoa1601895
https://dx.doi.org/10.1056/NEJMoa1601895
https://dx.doi.org/10.1056/NEJMoa1801291
https://dx.doi.org/10.1056/NEJMoa1801291


14. Kozhuharov N, Goudev A, Flores D, et al.: Effect of a strategy of comprehensive vasodilation vs usual care
on mortality and heart failure rehospitalization among patients with acute heart failure: the GALACTIC
randomized clinical trial. JAMA. 2019, 322:2292-302. 10.1001/jama.2019.18598

15. Colucci WS, Elkayam U, Horton DP, et al.: Intravenous nesiritide, a natriuretic peptide, in the treatment of
decompensated congestive heart failure. Nesiritide Study Group. N Engl J Med. 2000, 343:246-53.
10.1056/NEJM200007273430403

16. Publication Committee for the VMAC Investigators (Vasodilatation in the Management of Acute CHF):
Intravenous nesiritide vs nitroglycerin for treatment of decompensated congestive heart failure: a
randomized controlled trial. JAMA. 2002, 287:1531-40. 10.1001/jama.287.12.1531

17. Sackner-Bernstein JD, Skopicki HA, Aaronson KD: Risk of worsening renal function with nesiritide in
patients with acutely decompensated heart failure. Circulation. 2005, 111:1487-91.
10.1161/01.CIR.0000159340.93220.E4

18. Sackner-Bernstein JD, Kowalski M, Fox M, Aaronson K: Short-term risk of death after treatment with
nesiritide for decompensated heart failure: a pooled analysis of randomized controlled trials. 2005,
293:1900-1905. 10.1001/jama.293.15.1900

19. Teerlink JR, Cotter G, Davison BA, et al.: Serelaxin, recombinant human relaxin-2, for treatment of acute
heart failure (RELAX-AHF): a randomised, placebo-controlled trial. Lancet. 2013, 381:29-39. 10.1016/S0140-
6736(12)61855-8

20. Johnson FL: Pathophysiology and etiology of heart failure . Cardiol Clin. 2014, 32:9-19, vii.
10.1016/j.ccl.2013.09.015

21. Gevaert AB, Boen JRA, Segers VF, Van Craenenbroeck EM: Heart failure with preserved ejection fraction: a
review of cardiac and noncardiac pathophysiology. Front Physiol. 2019, 10:638. 10.3389/fphys.2019.00638

22. Andronic AA, Mihaila S, Cinteza M: Heart failure with mid-range ejection fraction - a new category of heart
failure or still a gray zone. Maedica (Bucur). 2016, 11:320-4.

23. Cotter G, Metzkor E, Kaluski E, et al.: Randomised trial of high-dose isosorbide dinitrate plus low-dose
furosemide versus high-dose furosemide plus low-dose isosorbide dinitrate in severe pulmonary oedema.
Lancet. 1998, 7:389-93. 10.1016/S0140-6736(97)08417-1

24. Levy P, Compton S, Welch R, et al.: Treatment of severe decompensated heart failure with high-dose
intravenous nitroglycerin: a feasibility and outcome analysis. Ann Emerg Med. 2007, 50:144-52.
10.1016/j.annemergmed.2007.02.022

2021 Batool et al. Cureus 13(8): e17126. DOI 10.7759/cureus.17126 6 of 6

https://dx.doi.org/10.1001/jama.2019.18598
https://dx.doi.org/10.1001/jama.2019.18598
https://dx.doi.org/10.1056/NEJM200007273430403
https://dx.doi.org/10.1056/NEJM200007273430403
https://dx.doi.org/10.1001/jama.287.12.1531
https://dx.doi.org/10.1001/jama.287.12.1531
https://dx.doi.org/10.1161/01.CIR.0000159340.93220.E4
https://dx.doi.org/10.1161/01.CIR.0000159340.93220.E4
https://dx.doi.org/10.1001/jama.293.15.1900
https://dx.doi.org/10.1001/jama.293.15.1900
https://dx.doi.org/10.1016/S0140-6736(12)61855-8
https://dx.doi.org/10.1016/S0140-6736(12)61855-8
https://dx.doi.org/10.1016/j.ccl.2013.09.015
https://dx.doi.org/10.1016/j.ccl.2013.09.015
https://dx.doi.org/10.3389/fphys.2019.00638
https://dx.doi.org/10.3389/fphys.2019.00638
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5543525
https://dx.doi.org/10.1016/S0140-6736(97)08417-1
https://dx.doi.org/10.1016/S0140-6736(97)08417-1
https://dx.doi.org/10.1016/j.annemergmed.2007.02.022
https://dx.doi.org/10.1016/j.annemergmed.2007.02.022

	Role of Vasodilator Therapy in Acute Heart Failure
	Abstract
	Introduction And Background
	TABLE 1: Summary of different trials in acute heart failure

	Review
	ASCEND-HF trial
	TRUE-AHF trial
	RELAX-AHF-2 trial
	GALACTIC trial
	Discussion

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


