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Abstract

Purpose of Review Vasodilators are commonly recommended to treat acute heart failure (AHF), yet they are infrequently used.
This review aims to evaluate the clinical utility of traditional, historical, and novel vasodilators in the treatment of AHF.
Recent Findings No traditional vasodilator (i.e., nitroglycerin) therapy definitely improves short- or long-term outcomes. Despite
repeated efforts to develop new pharmacologic treatments, no novel therapy outperforms traditional management. At the present
time, we continue to recommend traditional vasodilators, such as nitroglycerin.

Summary The use of select vasodilators in the treatment of AHF improves hemodynamics and provides short-term relief;

however, data regarding long-term benefits is lacking.

Keywords Acute heart failure - Vasodilator(s)

Introduction

Heart failure (HF) continues to increase in prevalence. It is
estimated that 6.5 million Americans have HF [1]. By 2030,
> 8 million American adults will have HF [2]. While overall
mortality from HF has improved, rates remain high, with 30-
day, 1-year, and 5-year post-hospitalization fatality rates of
10.4%, 22%, and 42.3% [3]. As the prevalence of HF in-
creases, presentations for AHF may also increase. AHF rep-
resents an even worse prognosis than chronic HF. Annually, >
900,000 American patients with acute heart failure (AHF) will
be evaluated in emergency departments (ED). Of these, 80%
will be admitted to the hospital [4].

As most patients initially present to the ER, prompt diag-
nosis and management are imperative. Historically, diuretics
have been a mainstay in AHF therapy. Nearly 80% of cases
receive IV loop diuretics, according to The Acute
Decompensated Heart Failure National Registry
(ADHERE). In contrast, only 19% of these patients receive
IV vasodilators [5]. This data, although from 2003, is in line
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with the American College of Cardiology/American Heart
Association (ACC/AHA) and European Society of
Cardiology guidelines which emphasize escalating doses of
diuretics for the treatment of AHF [6, 7]. As diuretics are
covered elsewhere in the Journal, we will focus on
vasodilators.

The use of vasodilators has a class IIb level of evidence A
recommendation from the ACC/AHA (Table 1). This level of
evidence largely stems from studies of nesiritide, the only new
FDA-approved AHF therapy in the last 2 decades. Multiple
smaller studies and previous reviews demonstrate
nitrovasodilators in the emergency setting as safe and do pro-
vide acute symptomatic relief [9]. In fact, the use of
nitrovasodilators in the treatment of AHF, particularly hyper-
tensive AHF, is recommended in guidelines and supported by
emergency medicine literature [10].

As persistently elevated left ventricular (LV) filling
pressures predict mortality, the expectation then is that
the physiologic mechanisms of vasodilators, such as ni-
trates, might improve mortality in AHF [I1].
Unfortunately, definitive studies focusing on the effects
of vasodilators on long-term outcomes and mortality
rates have been lacking. Furthermore, with the excep-
tion of nesiritide, there is limited data on the longer
term safety and efficacy of non-nitrate vasodilators in
AHF management [9]. Being knowledgeable about ad-
vances in AHF therapies is imperative for the emergen-
cy physician, given the increasing prevalence of AHF,
along with its high morbidity and mortality. The
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Table 1 Recommendations for
use of vasodilators in treatment of ~ Name of ACC/AHA ESC guideline ACERP clinical policy
acute heart failure vasodilator guideline recommendation [7] recommendation [§]
recommendation [6]

Nitroglycerin Class IIb/LOE A Class 1Ia/LOE B LOE B

Nesiritide Class IIb/LOE A Class 1la/LOE B LOE C*

IV ACEI or SL ACEI Not mentioned Not mentioned LOE C

*Should not be first-line therapy

following is a brief, focused review of the use of vaso-
dilators in AHF, with a focus on studies from the past
5 years, in addition to classic vasodilator therapies.

Nitrates

The use of nitrovasodilators (nitroglycerin, isosorbide
dinitrate, isosorbide mononitrate) in the treatment of AHF
has become widely accepted. At high doses, nitrates lower left
ventricular filling pressures as well as reduced systemic resis-
tance through venous and arterial dilation. In principle, these
physiologic affects target known derangements in AHF,
which might improve outcomes. However, there are no defin-
itive, sufficiently powered randomized controlled trials that
have tested the safety and efficacy of nitrovasodilators on
outcomes.

A 2013 Cochrane review [12] identified four randomized
controlled trials [13—16] comparing nitrovasodilators with
other AHF therapies. The inclusion criteria of these studies
(634 total patients) varied, with two studies focusing on
AHF following myocardial infarction (MI) [13, 14], one ex-
cluding patients with MI [15] and one studying AHF regard-
less of acute coronary syndrome [16]. Two of the studies uti-
lized isosorbide dinitrate [13, 14] and the others nitroglycerin
[15, 16]. This review found no significant difference between
nitrovasodilators and other therapies in the treatment of AHF.

A broader 2014 systematic review included nine studies
utilizing nitrovasodilators (6 nitroglycerin, 2 isosorbide
dinitrate, 1 isosorbide mononitrate) in the management of
AHF [9]. These studies included a range of 24 to 489 patients
and included observational, retrospective, and prospective
studies. The authors of this study concluded that
nitrovasodilators are safe in the treatment of AHF and may
provide a short-term clinical benefit, namely symptom relief.
In particular, a 1998 prospective trial randomized 104 patients
with AHF to receive either high-dose isosorbide dinitrate
(ISDN) with low-dose furosemide versus low-dose ISDN
with high-dose furosemide. Patients receiving high-dose
ISDN less frequently required intubation and had lower rates
of myocardial infarction [17]. Another 2007 non-randomized
single-arm study of 29 patients, comparing high-dose bolus
nitroglycerin to low-dose nitroglycerin infusion showed

improvements in rates of intubation, non-invasive ventilation,
intensive care unit admission and hospital length of stay [18].
No inference regarding long-term benefits or mortality reduc-
tion was able to be made.

An older nitrovasodilator, sodium nitroprusside, is used in
< 1% of cases of AHF [19]. It provides both preload and
afterload reduction, as well as dilation of pulmonary vascula-
ture. Due to its risks of producing hypotension and thiocya-
nate toxicity, its use is typically relegated to the critical care
setting [6]. Similar to nitroglycerin, the evidence to support
SNP is largely based on smaller studies or retrospective
analyses.

With the physiologic mechanism of nitrovasodilators, they
are uniquely positioned as first-line agents in the treatment of
AHF. While studies do seem to support the use of nitrates in
the short-term treatment of AHF, there is no indication at this
time of long-term benefits.

Angiotensin-Converting Enzyme Inhibitors

By disturbing the renin-angiotensin system, ACE inhibitors
lead to reductions in preload and afterload. Due to these phys-
iologic benefits and proven mortality benefits, ACE inhibitors
are widely used in the treatment of chronic HF with reduced
ejection fraction. The use of ACE inhibitors in the treatment of
AHF has been less widely observed. In fact, the American
College of Emergency Physicians provide only a level C rec-
ommendation for the use of ACE inhibitors in the treatment of
AHEF and it is not mentioned in the ACC/AHA guidelines [20,
21]. While ACEI have appealing theoretical benefits, there are
also risks, such as hypotension, kidney injury, and electrolyte
disturbances.

Importantly, extrapolating benefits of ACEI from chronic
HF to AHF is dubious at best [22, 23]. Furthermore, the ben-
efits of ACEI in chronic HF are relegated only to those with
reduced ejection fraction. These studies do not reflect treat-
ment of AHF in the emergency setting, with only 1.2% of
patients receiving enalapril in the hospital setting in one study
and allowance of up to 14 days before administering enalapril
in the other.

A randomized, double-blind, placebo-controlled trial tested
the effect of enalaprilat in acute pulmonary edema [24]. In this
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study, enalaprilat was administered to 11 patients (20 total
patients) with acute pulmonary edema 1218 h after the acute
episode. Many physiologic benefits were observed in patients
in the treatment arm, including decreased pulmonary capillary
wedge pressures and systemic blood pressures, with an in-
crease in renal blood flow. While mechanistically appealing,
larger studies are needed.

Nesiritide

Nesiritide is a recombinant human B-type natriuretic peptide
(BNP), a known, beneficial, counter-regulatory hormone.
Nesiritide has been used in the treatment of AHF due to its
vasodilatory and natriuretic effects. The use of nesiritide in the
treatment of AHF has been widely studied and its hemody-
namic benefits have been demonstrated repeatedly. Nesiritide
has been assigned a class IIb level of recommendation from
the ACC/AHA. However, it should be used with caution, sim-
ilar to other vasodilators, due to risks of symptomatic hypo-
tension with limited demonstrable clinical benefit [6, 25].

Early studies such as the randomized controlled vasodila-
tion in the Management of Acute CHF (VMAC) trial demon-
strated significant improvement in dyspnea in patients treated
with nesiritide. The VMAC trial included 489 patients and
compared those receiving nesiritide to nitroglycerin or place-
bo [16]. In this study, patients treated with nesiritide had a
statistically significant improvement in dyspnea at 3 h.
These results were used in the approval of nesiritide by the
US Food and Drug Administration [9].

After approval, however, several meta-analyses raised con-
cerns about the safety of nesiritide [26]. As a result, a large
outcome trial was designed and reported in 2011. The Acute
Study of Clinical Effectiveness of Nesiritide in Heart Failure
(ASCEND-HF) included 7141 patients with AHF and showed
no statistically significant improvement in self-reported dys-
pnea or rehospitalization according to their pre-specified end-
points. This study, which randomized patients to either
nesiritide or placebo, both in addition to usual therapy, did
demonstrate a significant risk of both symptomatic and
asymptomatic hypotension in those treated with nesiritide,
though there were no differences in serious adverse events
[25]. Due to these results, the routine use of nesiritide in the
treatment of AHF is not recommended.

Clevidipine

Clevidipine is a short-acting intravenous dihydropyridine cal-
cium channel blocker. A 2014 prospective, randomized, open-
label trial of 104 ED patients compared clevidipine with stan-
dard vasodilator therapies. Patients with AHF and systolic
blood pressures > 160 were eligible. Those treated with
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clevidipine demonstrated a more rapid reduction in systolic
blood pressure and improvement in dyspnea. This improve-
ment in dyspnea remained significant for up to 3 h. No signif-
icant difference in serious adverse events or mortality was
observed in the study [27].

Despite these observed short-term improvements, it is un-
clear whether clevidipine has any sustained benefit.
Furthermore, the open-label nature of the study leads to risk
of bias.

BLAST-AHF—TRV027 [28-]

The biased ligand of the angiotensin II type I receptor in pa-
tients with acute heart failure (BLAST-AHF) was an interna-
tional multi-center, randomized, double-blinded, parallel-
grouped, placebo-controlled dose-finding trial. The trial eval-
uated the safety and efficacy of three different doses of
TRVO027 in the treatment of AHF. TRV027 is a “biased” li-
gand specific to the angiotensin II type 1 receptor (A1TR).
Unlike complete angiotensin receptor blockers, TRV027 “bi-
ased” mechanism mitigates the vasoconstrictive effects while
maintaining potential cardiac augmentation that would other-
wise be blunted by full receptor blockade. While the blockade
of angiotensin receptors in the treatment of chronic systolic
heart failure improves morbidity and mortality, the effects in
AHF were less clear [29].

BLAST-AHF included 621 patients presenting in AHF,
with systolic blood pressures between 120 and 200 mmHg.
These patients were randomized in parallel to receive placebo
versus three different doses of TRV027 (1.0, 5.0, 25.0 mg/h).
Pre-clinical and early human data for the ligand had been
promising and BLAST-AHF was designed to determine the
dose to carry forward into further studies. The primary out-
come was a composite (1) time to death through day 30, (2)
time to HF rehospitalization through day 30, (3) worsening
heart failure through day 5, (4) change in dyspnea, and (5)
length of stay.

Final analysis showed no significant difference in the com-
posite primary endpoint, regardless of the dose of TRV027
compared to placebo. No significant differences were seen
in adverse events between placebo and TRV027 doses.
Despite one purported mechanistic effect of vasodilation, no
significant decreases in systolic blood pressures were seen nor
differences in natriuretic peptides. A 180-day follow-up of
540 patients (86.9%) was undertaken to evaluate the safety
of the ligand. Rates of 180-day mortality between placebo
and each dose of TRV027 (1.0, 5.0, 25.0 mg/h) were not
significantly different (13.1, 11.0, 12.6, 13.6%). Despite
promising pre-clinical data, BLAST-AHF concluded the
TRVO027 ligand to have no benefit over placebo in the treat-
ment of AHF.



Curr Heart Fail Rep (2019) 16:32-37

35

TRUE-AHF—ULARITIDE [30-]

The Trial of Ularitide Efficacy and Safety in acute heart failure
(TRUE-AHF) was a randomized, double-blinded, parallel-
grouped, and placebo-controlled study of ularitide in treat-
ment of AHF. Ularitide is a chemical analogue of urodilatin,
a natural vasodilator which had previously shown benefits in
patients with decompensated heart failure [31,32]. In TRUE-
AHF, 2157 patients in AHF with systolic blood pressures
between 116 and 180 were randomized to receive either intra-
venous ularitide (15 ng/kg/min) or placebo for 48 h, if they
remained dyspneic after receiving intravenous furosemide.
The primary outcomes for TRUE-AHF were 1) cardiovascu-
lar death over the course of the study and 2) a hierarchical
clinical composite which utilized a patient global assessment
to determine if a patient’s course was “worse,” “improved,” or
“unchanged.”

Ularitide was found to significantly decrease systolic blood
pressure compared to placebo (6.8 mmHg at 6 h, 3.9 mmHg at
48 h, p <0.001), and to lower NT-proBNP levels (p <0.001)
over 48 h. A post-hoc analysis also showed a decrease in in-
hospital “heart failure events” in patients treated with ularitide
(p =0.005). However, no difference was identified between
ularitide and placebo with respect to cardiovascular death
(21.7% versus 21.0%, p =0.75) or to the clinical composite
outcome (p = 0.82). More patients receiving ularitide required
either dose discontinuation or decrease due to hypotension
(p <0.001). TRUE-AHF concluded that the decrease in NT-
proBNP levels in the ularitide arm indicate a reduction in
cardiac wall stress. Unfortunately, ularitide did not exhibit
any benefits in clinical progression or cardiac mortality.

RELAX-AHF—SERELAXIN [33¢]

RELAXin in acute heart failure (RELAX-AHF) was a pro-
spective, randomized, double-blinded, placebo-controlled tri-
al. Serelaxin is recombinant human relaxin-2, which itselfis a
natural occurring peptide. Human relaxin-2 is responsible for
many hemodynamic changes in pregnancy [34], including
increases to cardiac output, vasodilation and renal blood flow
[35]. Such benefits were hypothesized to benefit patients with
AHF. Pre-RELAX-AHF, a phase 2, dose-finding study of 234
patients, showed improvements in dyspnea as well as signals
for clinical outcomes including: hospital stay, cardiovascular
death/rehospitalization risk, and all-cause death/
rehospitalization [36].

Utilizing dose data from this study, RELAX-AHF random-
ized 1161 patients to receive either placebo or serelaxin
30ug/kg/day for up to 48 h. To be eligible, patients had mild
to moderate renal dysfunction, systolic blood pressures greater
than 125 mmHg, received intravenous furosemide, and en-
rolled within 16 h of presentation. Primary outcomes for this

trial centered on improvement in dyspnea over 5 days, mea-
sured utilizing a visual analogue scale (VAS) and improve-
ments in dyspnea during the first 24 h of treatment, measured
by Likert scale.

Serelaxin was found to significantly improve dyspnea
compared to placebo, as measured by the area under the curve
(AUC) of the visual analog scale (p <0.007). No significant
improvement in dyspnea was measured utilizing the Likert
scale (p =0.70). Although dose adjustments for patients re-
ceiving serelaxin compared to placebo were more frequent
due to hypotension, the number of adverse events related to
hypotension were not significant (placebo = 4%, serelaxin =
5%, p =0.78). Patients receiving placebo were found to have
more events related to renal impairment (placebo =9%,
serelaxin = 6%, p = 0.03). Outside of this, no significant safety
concerns were identified.

A number of secondary outcomes were analyzed in
RELAX-AHF. Many of these clinical outcomes favored
serelaxin, including decreased hospital stay (0.9 days, p =
0.04), reduction in cardiovascular death at 180 days (placebo
=55 deaths, serelaxin = 35 deaths, HR = 0.63, p =0.028), and
reduction in all-cause mortality at 180 days (placebo = 65
deaths, serelaxin =42 deaths, HR =0.63, p =0.02). Greater
end organ injury was observed in the placebo group,
supporting the hypothesis that less organ injury might lead
to improved longer term outcomes. However, the study was
not adequately powered to formally assess mortality. RELAX-
AHF-2 was undertaken to validate these findings. Although
yet to be published, top line data did not replicate the mortality
findings from RELAX-AHF [37].

Conclusions

Traditionally, nitrates are the most common vasodilator used
in the treatment of AHF [38]. Nitrates improve hemodynam-
ics, provide symptom relief, have a long track record of use,
and are safe to use. The use of ACE inhibitors in the treatment
of AHF is intriguing given their demonstrable benefits in the
treatment of chronic HF with reduced ejection fraction.
Unfortunately, study findings to date should not be extrapo-
lated to the emergency setting in the treatment of AHF.

In the past 5 years, three randomized controlled trials have
studied the effects of three different vasodilators in the treat-
ment of AHF. The use of each drug, TRV027, ularitide, and
serelaxin, had appealing mechanisms of action. TRV027 in
phase II and ularitide in phase III did not demonstrate any
significant benefits with regard to improved long-term out-
comes for patients with AHF. In the case of serelaxin, there
appeared to be some benefit in mortality at 180 days.
However, the larger RELAX-AHF-2 trial failed to confirm
the initial trial results [37, 39].

@ Springer



36

Curr Heart Fail Rep (2019) 16:32-37

At the present time, we continue to recommend
nitrovasodilators as first line for patients with AHF in need
of vasodilation. Similar to all drugs in this category, the risk of
hypotension is real. Both careful monitoring and avoidance of
hypotension are key-management pearls when using
vasodilators.
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