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Abstract
Congestive heart failure (CHF) is one of the most 
common reasons for hospitalization in the United States. 
Despite multiple different beneficial medications for 
the treatment of chronic CHF, there are no therapies 
with a demonstrated mortality benefit in the treatment 
of acute decompensated heart failure. In fact, studies 
of inotropes used in this setting have demonstrated 
more harm than good. Arginine vasopressin has 
been shown to be up regulated in CHF. When bound 
to the V1a and/or V2 receptors, vasopressin causes 
vasoconstriction, left ventricular remodeling and free 
water reabsorption. Recently, two drugs have been 
approved for use that antagonize these receptors. Studies 
thus far have indicated that these medications, while 
effective at aquaresis (free water removal), are safe and 
not associated with increased morbidity such as renal 
failure and arrhythmias. Both conivaptan and tolvaptan 
have been approved for the treatment of euvolemic and 
hypervolemic hyponatremia. We review the results of 
these studies in patients with heart failure.
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Core tip: Beneficial therapies in the setting of acute 
decompensated heart failure are limited. When bound 
to the V1a and/or V2 receptors, vasopressin, which is 
upregulated in heart failure, causes vasoconstriction, 
left ventricular remodeling and free water reabsorption. 
Over recent years, vasopressin antagonists such as 
conivaptan and tolvaptan have been investigated and 
approved for use in the appropriate setting. We review 
the evidence and implications behind use of vaptans in 
the setting of heart failure.

Gilotra NA, Russell SD. Arginine vasopressin as a target in 
the treatment of acute heart failure. World J Cardiol 2014; 
6(12): 1252-1261  Available from: URL: http://www.wjgnet.
com/1949-8462/full/v6/i12/1252.htm  DOI: http://dx.doi.
org/10.4330/wjc.v6.i12.1252

INTRODUCTION
Congestive heart failure (CHF) is a growing problem, with 
high mortality, frequent hospitalizations and poor quality 
of  life. CHF afflicts about 5 million people in the United 
States, with over half  a million new diagnoses and 200000 
deaths each year[1,2]. Despite advances in therapy such as the 
use of  angiotensin converting enzyme (ACE) inhibitors and 
beta blockers, heart failure hospitalizations are on the rise, 
with over a million a year, partly due to patients living longer 
and surviving acute myocardial infarctions. One of  the 
principle goals of  therapy during a heart failure admission 
is to relieve excess volume in order to improve symptoms. 
This is primarily accomplished with the use of  diuretics and 
vasodilators. Although these agents improve symptoms, 
they may be associated with an increase in mortality 
chronically[1,3,4]. Additionally, they are often associated with 
hyponatremia[5]. In an attempt to further advance heart 
failure treatment, several new medications have been studied 
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including natriuretic peptides, adenosine antagonists and 
vasopressin antagonists. The purpose of  this paper is to 
review the role of  vasopressin antagonists for the therapy of  
acute heart failure exacerbations. 

NEUROHORMONAL ACTIVATION IN 
ACUTE HEART FAILURE
Acute heart failure is associated with activation of  several 
components of  the neurohormonal system. In response to 
ventricular dysfunction and decreased perfusion, baroreceptors 
in the aorta, carotid body, and the kidney are activated. The 

immediate response is an increase in sympathetic nervous 
system outflow. Norepinephrine release results in tachycardia, 
arterial vasoconstriction, venoconstriction, and increased 
contractility. The renin-angiotensin-aldosterone system, which 
promotes the retention of  sodium and subsequently water, 
is also activated. Additionally, arginine vasopressin (AVP), 
endothelin, atrial natriuretic peptide (ANP), brain natriuretic 
peptide (BNP), adenosine, and tumor necrosis factor are all 
released. These hormones have a variety of  individual effects 
as outlined in Figure 1. 

Although the acute effects of  these neurohormones 
are helpful to sustain life, chronically elevated levels may be 
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Figure 1  Summary of neurohormonal activation in heart failure. With injury to the left ventricle and subsequent decrease in left ventricular function, there is a 
decrease in cardiac output, subsequent decrease in perfusion of vital organs, and activation of the various neurohormonal systems. ANP: Atrial natriuretic peptide; AT Ⅱ: 
Angiotensin Ⅱ; AVP: Arginine vasopressin; BNP: Brain natriuretic peptide; IL-6: Interleukin 6; LVEF: Left ventricular ejection fraction; NE: Norepinephrine. From Russell et al[28] 
with permission from Springer.



quite detrimental. In both the Studies of  Left Ventricular 
Dysfunction (SOLVD) Trial and the Vasodilator - Heart 
Failure Trial Ⅱ (V-HeFT Ⅱ), investigators demonstrated 
that plasma levels of  norepinephrine, renin, ANP, and AVP 
are elevated in patients with left ventricular dysfunction 
when compared with healthy controls[6,7]. Furthermore, 
as New York Heart Association (NYHA) functional 
class worsens, the levels of  these neurohormones are 
increased. Many of  the beneficial effects of  ACE inhibitors 
and beta blockers may be due to the blockade of  these 
neurohormones. However, evidence for the use of  these 
agents in reducing mortality is primarily in the chronic heart 
failure setting, and less is known about appropriate optimal 
management of  acute heart failure.

Many studies have examined the effects of  chronic 
diuretics on mortality in patients with heart failure. Cooper 
et al[3] performed a retrospective analysis of  the SOLVD 
Trial and found that those using a diuretic at baseline were 
more likely to have an arrhythmic death than those not 
on a diuretic. Even after controlling for disease severity, 
comorbidities, and concomitant medications, the use of  
diuretics was associated with an increased risk of  arrhythmic 
death. Similar results were found in a retrospective analysis 
of  1153 patients from the Prospective Randomized 
Amlodipine Survival Evaluation Trial, which examined the 
use of  amlodipine in patients with NYHA functional class 
Ⅲb/Ⅳ heart failure[1]. High chronic doses of  diuretics 
were associated with increased mortality, sudden death, and 
pump failure death. Although it is not surprising that higher 
diuretic doses are used in patients that have more advanced 
heart failure, a multivariate analysis controlling for disease 
severity revealed that high diuretic dose was still a predictor 
of  mortality. This could possibly be explained by diuretic 
resistance, neurohormonal activation, or electrolyte changes 
rather than the dose itself. In fact, in the acute setting, 
higher-dose diuretic therapy has been shown to result in 
improved fluid loss and relief  of  congestive symptoms, 
lower adverse events, and despite acutely worsening renal 
function no difference in 60 d clinical outcomes when 
compared with lower-dose diuretic therapy[8]. 

Intravenous inotropes have also not improved outcomes 
in patients admitted with heart failure. In one of  the first 
studies of  chronic heart failure patients admitted with acute 
volume overload, the Outcomes of  a Prospective Trial of  
Intravenous Milrinone for Exacerbations of  Chronic Heart 
Failure (OPTIME-CHF) investigators examined the use of  
the positive inotrope milrinone[9]. Nine hundred and fifty 
one patients admitted with chronic heart failure exacerbation 
were randomized to either milrinone or placebo. The 
primary endpoint of  cumulative days of  cardiovascular 
hospitalization in the first 60 d after randomization was 
similar between the two groups. Similarly, there was no 
difference in 60 d mortality, in-hospital mortality, or the 
composite of  death or readmission. The use of  milrinone 
was associated with more hypotension and new atrial 
arrhythmias. Perhaps more sobering, in this group of  
patients with NYHA functional class Ⅲ and Ⅳ symptoms 
and a mean ejection fraction of  23%, the mean days of  
hospitalization for any cause within the first 60 d after 

discharge was 13.5 in the placebo group and 13.4 in the 
milrinone group. Additionally, after discharge from their 
initial hospitalization, 35.3% of  the placebo group and 
35.0% of  the milrinone group were either readmitted to the 
hospital or dead within 60 d. Even after their admission and 
“optimization” of  medical therapy by heart failure experts, 
9.5% of  the patients enrolled in this trial were dead within 2 
mo of  discharge. 

Nesiritide is a B-type natriuretic peptide that has been 
associated with a decrease in pulmonary capillary wedge 
pressure via its vasodilation and natriuresis[10,11]. Despite 
only being demonstrated to be a vasodilator in clinical trials, 
many now, perhaps incorrectly, use nesiritide as a first line 
diuretic. Wang et al[12] demonstrated that this might not be 
the correct use for the drug. In a small trial of  15 patients 
hospitalized for heart failure with mild renal insufficiency 
(baseline creatinine of  1.8 mg/dL), they performed a 
double-blind, placebo-controlled, crossover study. Patients 
were randomized to receive either placebo or nesiritide for 
24 h on consecutive days. There were no differences in 
glomerular filtration rate, renal plasma flow, urine output, or 
sodium excretion for the patients between the two agents. 
Sackner-Bernstein et al[13] also conducted a meta-analysis of  
three randomized controlled trials that suggests nesiritide 
may be associated with a higher risk of  death compared 
to vasodilators and diuretics. Controversy still exists over 
nesiritide’s deleterious effects on renal function and short-
term mortality. More recent trials have demonstrated similar 
safety endpoints, but no clear benefit to nesiritide therapy. 
The Acute Study of  Clinical Effectiveness of  Nesiritide in 
Decompensated Heart Failure Trial evaluated the utility and 
safety of  nesiritide in a randomized controlled trial of  7141 
patients. Though there was no significant difference in rate 
of  all cause mortality or worsening renal function, there was 
also only a small, non-significant change in patient dyspnea 
and no effect on rehospitalization rate[14]. The recently 
published Renal Optimization Strategies Evaluation in Acute 
Heart Failure, which was also presented at the American 
Heart Association 2013 Annual Scientific Session Late 
Breaking Clinical Trials, also failed to show benefit of  low 
dose nesiritide. This multicenter randomized trial showed no 
difference in 72 h urine volume, cystatin C levels changes, 
symptom relief  or concomitant diuretic dose needs. Though 
there was no difference in renal function or death, there was 
increased incidence of  hypotension in the nesiritide group[15]. 

Clearly, the currently available agents for the treatment 
of  heart failure in the acute setting are not associated with 
satisfactory outcomes. The rest of  this paper will review a 
newer class of  agents, arginine vasopressin antagonists, for 
the therapy of  this deadly syndrome.

ARGININE VASOPRESSIN: 
PATHOPHYSIOLOGY
AVP is a neurohypophyseal peptide that serves the roles 
of  vasoconstrictor and body water regulator. Turner et al[16] 
were the first to isolate and synthesize vasopressin in 1951. 
Synthesized in the paraventricular and supraoptic nuclei 
of  the hypothalamus and stored in the posterior pituitary 
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isolated rat hearts undergoing the stress of  acute pressure 
overload or nitric oxide stimulation[24]. 

AVP leads to worsening heart failure by a variety 
of  mechanisms. Activation of  V1aR causes arteriolar 
vasoconstriction resulting in increased systemic vascular 
resistance and afterload. At higher physiologic AVP levels, 
V1aR also mediates coronary vasoconstriction, thus 
decreasing coronary blood flow and cardiac contractility[18,24]. 
Stimulation of  rat cardiac fibroblasts with AVP leads to 
cellular hypertrophy and proliferation via activation of  
the V1aR[25,26]. AVP-stimulated rat myocytes also express 
increased levels of  ANP, a marker of  hypertrophy[25]. 
The end result of  AVP binding to V1aR is left ventricular 
hypertrophy and remodeling via vasoconstriction, increase in 
afterload, and myocyte hypertrophy.

V2R stimulation primarily leads to free water retention, 
which in turn causes an increase in preload, pulmonary 
vascular congestion and left sided filling pressures. The 
low output state of  heart failure results in V2R activity, 
with nonosmotic stimulation of  vasopressin release 
predominating, despite hypotonicity. In experimental CHF 
induced in a rat model, Xu and colleagues found increased 
AVP levels and increased AQP2 channel expression in 
the apical membrane of  collecting ducts when compared 
with controls. When the CHF rats were treated with a V2R 
vasopressin antagonist, OPC 31260, they had increased 
aquaresis and plasma osmolality as well as decreased AQP2 
expression[27]. 

In addition to hemodynamic alteration, increased 
water permeability via AQP2 channels leads to edema and 
hyponatremia[22]. Hyponatremia is a marker for advanced 
disease and poor outcome in CHF. In a retrospective analysis 
of  OPTIME-CHF, patients with sodium levels in the lowest 
quartile had higher 60 d mortality and rehospitalization rates 
when compared to patients with higher sodium levels[28]. The 
presence of  hyponatremia also limits the use of  diuretics, 
as these agents only exacerbate loss of  sodium, and ACE 
inhibitors, since hyponatremia is an independent risk factor 
for decline in renal function during treatment with such 
agents[29]. Hyponatremia is treated primarily via difficult to 
adhere to free water restriction.

AVP ANTAGONISM IN ADHF
Recently, specific antagonists to vasopressin have been 
developed as potentially useful agents for patients with heart 
failure and hyponatremia. In theory, antagonism of  the 

gland, vasopressin is released in response to osmotic and 
non-osmotic forces. AVP’s release is sensitive to changes in 
osmolality. Osmoreceptors in the hypothalamus stimulate 
increased AVP secretion after sensing as little as a 1% increase in 
serum osmolality. A decrease in 5% to 10% of plasma volume 
is required for AVP release, stimulated via baroreceptors that 
sense a low volume state[17]. 

Three different vasopressin receptors have been isolated: 
V1a, V1b (also known as V3) and V2 receptors (Table 1). 
The V1b receptor is expressed in the anterior pituitary gland 
and pancreatic islet cells, and although it does not have a 
major role in CHF, it may mediate release of  aldosterone 
via modulation of  adrenocorticotropin hormone release[18]. 
The V1a receptor (V1aR) is present in blood vessels and 
the kidney, where stimulation is responsible for vascular 
constriction and possibly regulation of  water reabsorption, 
respectively. V1aR is a Gq-protein coupled receptor and, via 
phosphotidylinositol hydrolysis, stimulates mobilization of  
intracellular calcium. V1aR knockout mice have a blunted 
response to AVP-induced vasoconstriction and decreased 
sympathetic activity[19]. Additionally, they have lower levels 
of  aldosterone, renin and angiotensin Ⅱ as well as higher 
urine output. V2 receptors are present in the thick ascending 
limb of  the loop of  Henle and collecting ducts of  the 
renal tubular system. Via Gs-protein coupled receptor 
signaling and subsequent activation of  adenylate cyclase, 
cyclic adenosine monophosphate levels increase and cause 
translocation of  the water channel aquaporin-2 (AQP2), 
thereby increasing water permeability, reducing the rate of  
free water secretion and concentrating the urine[17,20]. This 
causes a decrease in urine production that has been found to 
be proportional to the concentration of  plasma vasopressin. 

AVP IN HEART FAILURE AND 
HYPONATREMIA
AVP levels are elevated in congestive heart failure patients[21,22]. 
Investigators in the SOLVD trial found that AVP was 
significantly elevated in asymptomatic patients with left 
ventricular dysfunction (ejection fraction less than 35%) 
when compared to controls, and even more so elevated in 
symptomatic patients with left ventricular dysfunction[6]. 
When plasma osmolality increases in both control and CHF 
patients, there is a significant exaggerated AVP response in 
CHF patients[23]. Although known to primarily be produced 
in the hypothalamus, vasopressin has also been found in 
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  Receptor subtype Location Action Cardiovascular end effects

  V1A Liver, vascular smooth muscle, platelets, adrenal 
cortex, kidney, spleen, adipocytes, reproductive 

organs, brain, lung

Vasoconstriction Left ventricular hypertrophy and remodeling, 
increase in afterload, myocyte hypertrophy

  V1B Corticotroph cells, pancreas, adrenal medulla, 
possibly kidney

Release of adrenocorticotropic 
hormone

May mediate release of aldosterone

  V2 Renal collecting ducts Antidiuresis via increased water 
permeability

Hyponatremia, edema, increase in preload, 
pulmonary vascular congestion and left sided 

filling pressures

Table 1  Location and effect of vasopressin receptors[13,17,21,23-25] 
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hyponatremic patients (six of  which had CHF) receiving 
VPA-985. Higher doses (250 mg) caused dehydration and 
increases in vasopressin levels. 

Abraham and colleagues further studied the role of  
lixivaptan in three phase Ⅲ clinical trials. The LIBRA 
and HARMONY trials demonstrated safety of  initiation 
and efficacy of  lixivaptan in patients with euvolemic 
hyponatremia in the inpatient and outpatient settings, 
respectively[33,34].  The BALANCE (Treatment of  
Hyponatremia BAsed on LixivAptan in NYHA Class 
Ⅲ/Ⅳ Cardiac Patient Evaluation) Trial was specific 
to hospitalized heart failure patients. The BALANCE 
trial was a large, international, multicenter, randomized, 
placebo-controlled, double blind study of  650 hospitalized 
CHF patients with serum sodium < 135 mEq/L. The 
primary endpoint was correction of  hyponatremia, with 
additional endpoints including dyspnea, cognitive function 

V1aR, V2R or both may be beneficial in patients with heart 
failure. There are many different vasopressin antagonists, 
and some have been evaluated in patients with heart failure 
as outlined in Table 2. 

Lixivaptan
The first agent studied was lixivaptan (or VPA-985, Cardiokine 
Inc, Philadelphia, PA), an oral, V2R selective, vasopressin 
antagonist. Martin and colleagues reported administering this 
agent at four different doses to 21 chronic NYHA functional 
class Ⅱ and Ⅲ patients and found decreased urinary AQP2 
secretion (a marker of  AVP action), increased solute-free water 
clearance and urine output, and decreased urine osmolality[30]. 
These results were confirmed in a single-ascending-dose 42 
patient study of  safety, efficacy, and tolerability of  lixivaptan 
by the same authors[31]. Wong et al[32] also found a dose-
dependent increase in sodium concentrations amongst 44 
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  Vasopressin antagonist Study Design Endpoint Results

  Lixivaptan (VPA985)
  

Martin et al[30], 1999  21 NYHA Ⅱ and Ⅲ patients randomized to 
placebo vs one of four doses (30, 75, 150, 250 

mg)

Urinary AQP-2 
excretion

Decrease in urinary AQP-2 
excretion, increased solute-free 

water clearance and urine output, 
decreased urinary osmolality

Wong et al[32], 2003  44 hyponatremic patients randomized to 
placebo vs one of three doses (25, 125, or 250 

mg bid) over a 7-d inpatient stay

Correction of 
hyponatremia

Increased free water clearance and 
serum sodium

Abraham et al[31], 2006 42 patients with mild to moderate CHF 
randomized to placebo vs ascending single-

dose drug (10-400 mg)

24 h urine volume and 
serum sodium

Increased urine volume at 4 h and 
24 h, increased serum sodium at 

higher doses

BALANCE[35] 650 CHF patients randomized to placebo vs 
lixivaptan

Correction of 
hyponatremia

Increased serum sodium levels

  Conivaptan 
  
  

Udelson et al[41], 2001 142 NYHA Ⅲ and Ⅳ patients randomized 
to placebo vs single Ⅳ-dose (10, 20, 40 mg)

Effect on hemodynamic 
parameters

Reduced PCWP, RAP
Increased urine output

Goldsmith et al[42], 
2008 

Dose-ranging pilot study of Ⅳ conivaptan 
in 170 randomized patients with worsening 

CHF

Assessment of global 
and respiratory status
Effect on urine output

No change in status
Increased urine output

Russell et al[43], 2003 143 patients randomized to placebo vs one 
of three po doses

Change in time to 
reach 70% of peak O2 

consumption

No change in exercise endpoint

Zeltser et al[45], 2007 84 euvolemic or hypervolemic hyponatremic 
patients randomized to placebo vs Ⅳ 

conivaptan for 4 d (40 or 80 mg/d)

Change in serum 
sodium, measured by 

area under the sodium-
time curve

Increased serum sodium

Annane et al[46], 2009 
(The Conivaptan 

Study Group)

83 euvolemic or hypervolemic hyponatremic 
patients randomized to placebo vs po 

conivaptan for 5 d (40 or 80 mg/d)

Change in serum 
sodium, measured by 

area under the sodium-
time curve

Increased serum sodium

  Tolvaptan (OPC-41061) Gheorghiade et al[47], 
2003

254 patients randomized to placebo vs 30, 45 
or 60 mg/d for 25 d

Change in body weight Decreased body weight, increased 
urine output, increased serum 

sodium, decreased edema
Gheorghiade et al[48], 
2004 (ACTIV CHF)

Phase Ⅱ study in 319 patients randomized 
to placebo vs 30, 60, or 90 mg/d for 60 d

Change in body weight 
at 24 h 

Heart failure outcomes

Significant decrease in body weight
No change in worsening heart 

failure at 60 d
Gheorghiade et al[42,50], 

2007 (EVEREST)
Large 4133 patient multi-center randomized 

study of short and long term effects of 
tolvaptan in ADHF

CHF symptoms
Mortality and heart 

failure related morbidity

Improvement in some CHF 
symptoms

No difference in long-term 
mortality or morbidity

Udelson et al[54], 2007 
(METEOR)

240 patients, NYHA II or Ⅲ, randomized to 
placebo vs tolvaptan

LVEDV No change in LVEDV at one year

Udelson et al[55], 2008 181 patients, NYHA Ⅲ and Ⅳ, randomized Hemodynamic effects Decreased PCWP, RAP, PAP

Table 2  Summary of key studies of vasopressin antagonists

IV: Intravenous; PO: Oral; PCWP: Pulmonary capillary wedge pressure; RAP: Right atrial pressure; O2: Oxygen; CHF: Congestive heart failure; ADHF: 
Acute decompensated heart failure; LVEDV: Left ventricular end diastolic volume; PAP: Pulmonary artery pressure.
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primary endpoint of  the study was a change in the time to 
reach 70% of  peak oxygen consumption[44]. However, there 
were no differences in any exercise endpoints between the 
placebo arm and the three groups of  patients on different 
doses of  conivaptan. 

Conivaptan has also proven efficacy in treatment 
of  hyponatremia. Intravenous conivaptan administered 
to euvolemic and hypervolemic hyponatremic patients 
significantly increased serum sodium concentrations 9.4 ± 
0.8 mEq/L at a conivaptan dose of  80 mg/d after four days 
of  treatment[45]. Oral conivaptan showed similar results in a 
study of  84 hyponatremic patients (33% had CHF), with an 
increase in sodium of  9.1 ± 0.9 mEq/L at the end of  five 
days of  treatment with 80 mg/d of  oral conivaptan[46]. 

Intravenous conivaptan (Vaprisol, Astellas Pharma 
US, Inc.) was the first Federal Drug Administration 
(FDA) approved vaptan for the treatment of  euvolemic 
hyponatremia. It is currently approved for treatment of  
euvolemic and hypervolemic hyponatremia in hospitalized 
patients, including those with heart failure. Administration 
involves an additional loading dose of  20 mg Ⅳ over 30 
min followed by a 20 mg continuous infusion over 24 h. 
Metabolism is via cytochrome P450 3A4. Conivaptan is not 
directly approved for the treatment of  acute heart failure 
without hyponatremia. There are no planned future trials 
studying oral conivaptan.

Tolvaptan
Tolvaptan (OPC-41061), a V2 selective vasopressin receptor 
antagonist, has been the most studied drug of  its class in 
patients with heart failure. Gheorghiade et al[47] reported the 
results of  a study of  254 patients who were randomized 
to either placebo or three different doses of  tolvaptan for 
25 d. The primary endpoint was change in body weight. 
Additional endpoints included urine sodium excretion, urine 
volume, urine osmolality, and ankle edema measurements. A 
decrease in body weight of  about 1 kg was found after the 
first day that was maintained throughout the study. There 
was also an increase in urine volume and a normalization of  
serum sodium with tolvaptan. 

A second dose ranging phase Ⅱ study, ACTIV in CHF 
(Acute and Chronic Therapeutic Effect of  a Vasopressin 
Antagonist in Congestive Heart Failure), was performed 
with a primary endpoint of  change in body weight at 24 
h[48]. Additionally, heart failure outcomes including death, 
hospitalization, or unscheduled visits for heart failure at 
60 d were collected. Body weight at 24 h after tolvaptan 
administration decreased by 1.8 kg, 2.1 kg, and 2.05 kg in the 
30, 60, and 90 mg per day arms compared to a decrease of  
0.6 kg in the placebo arm. This decrease occurred without 
a change in renal function or hypokalemia. There was no 
difference in the secondary outcome of  worsening heart 
failure at 60 d. Additionally, there was an increase in serum 
sodium in the tolvaptan arms. Although the study was 
not powered for mortality, a post-hoc analysis of  patients 
with high blood urea nitrogen levels or severe congestive 
symptoms demonstrated a statistically higher mortality rate 
in placebo vs tolvaptan treatment groups.

Study of  Ascending Levels of  Tolvaptan in Hyponatremia 

and days of  hospital-free survival[35]. Patients were treated 
with 50-100 mg of  lixivaptan a day, twice daily, for 60 
d. Though results have not been published, they were 
presented at an Federal Drug Administration (FDA) 
advisory committee meeting in 2013[36]. At seven days, there 
was a significant increase in serum sodium in the lixivaptan 
versus placebo group (2.5 mEq/L vs 1.3 mEq/L, P = 
0.001). There was a nonsignificant early increase in mortality 
in the lixivaptan group however overall death rates and 
hospitalization rates were no different from the placebo 
group. In an extension study, long-term safety of  lixivaptan 
was studied in a 28-wk open label study, results of  which 
have not been published[37,38]. Lixivaptan is not yet FDA 
approved.

Conivaptan
Binding of  V1aR by vasopressin plays an important role 
in cardiac contractility and remodeling. Therefore, a dual 
receptor (V1a and V2) antagonist, conivaptan (YM087), 
has also been evaluated in heart failure. Early experimental 
studies in animals showed the utility of  intravenous 
conivaptan. In a canine model of  AVP-induced CHF, 
infusion of  intravenous conivaptan corrected poor cardiac 
hemodynamics[39]. In rats with post myocardial infarction 
CHF, intravenous conivaptan not only significantly improved 
right ventricular systolic pressure, left ventricular end-
diastolic pressure, lung/body weight and right atrial pressure, 
but also, when compared to a V2 selective antagonist, 
increased the first derivative of  left ventricular pressure, a 
measure of  cardiac contractility[40]. 

One hundred, forty-two patients were randomized to 
either placebo or an intravenous dose of  conivaptan at one 
of  3 different doses[41]. These patients had NYHA Ⅲ or 
Ⅳ functional symptoms, but were stable outpatients that 
were admitted for placement of  a right heart catheter and 
infusion of  study drug. The investigators found a significant 
reduction in pulmonary capillary wedge and right atrial 
pressure. Additionally, urine output increased by 176 ± 18 
mL/h in the high dose conivaptan group, without affecting 
systemic blood pressure, heart rate or serum electrolytes, 
including serum sodium. The beneficial hemodynamic 
effects of  conivaptan therefore may be generalizable to CHF 
patients, and not just those with hyponatremia. Goldsmith 
and colleagues studied the use of  intravenous conivaptan 
in a pilot study of  170 hospitalized patients with acute 
decompensated heart failure[42]. Their randomized placebo-
controlled multi-center trial administered conivaptan for 
48 h (as opposed to 12 h in the former study) alongside 
loop diuretics and found an average 1.0 to 1.5 L/d increase 
in urine output. They did not measure hemodynamics, 
however they found no significant change in systemic blood 
pressure. 

The oral formulation of  conivaptan has also been 
investigated[43]. In a 12-wk study in patients with NYHA 
class Ⅱ-Ⅳ symptoms, 343 patients were randomized to 
either placebo or one of  three doses of  oral conivaptan. 
Using the hypothesis that a dual vasopressin receptor blocker 
would cause pulmonary vasodilatation and aquaresis and 
a subsequent improvement in submaximal exercise, the 
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Tolvaptan (Otsuka, Inc.) is the only oral vasopressin 
antagonist that is FDA approved[56]. Tolvaptan is approved 
specifically for treatment of  euvolemic or hypervolemic 
hyponatremia (per FDA label, “serum sodium < 125 
mEq/L or less marked hyponatremia that is symptomatic 
and has resisted correction with fluid restriction”). Starting 
dosage is typically 15 mg/d and can be increased to 30 
mg/d at the second dose but should not exceed 60 mg/d. 
Initially approved for longer term treatment, due to liver 
failure observed in a study of  patients with underlying 
cirrhosis, the FDA revised its label in April 2013 and limits 
treatment duration to 30 d[57]. It should be noted that in the 
SALTWATER Trial, an open-label extension of  the SALT-1 
and SALT-2 Trials, in which patients with hyponatremia 
were treated with tolvaptan for a mean duration of  701 
d, six patients experienced drug-related adverse effects, all 
related to sodium levels[58]. Tolvaptan should be initiated or 
re-initiated only in hospitalized patients where serum sodium 
levels can be closely monitored. Serum sodium should not 
be too rapidly corrected (faster than 12 mEq/24 h) as this 
can lead to neurologic effects such as dysarthria, mutism, 
dysphagia, lethargy, affective changes, spastic quadriparesis, 
seizures, coma and death. Tolvaptan is primarily metabolized 
by cytochrome P450 3A4, and therefore attention should be 
paid to potential drug interactions. As with other vaptans, 
side effects include thirst, dry mouth and frequent urination. 

CLINICAL IMPLICATIONS
Vasopressin antagonists are a new group of  drugs that 
provide effective aquaresis without effecting morbidity or 
mortality. Thus far, the vaptans are approved only for use in 
treatment of  hyponatremia (with or without hypervolemia). 
Additionally, most studies with CHF patients have included 
patients only with reduced, and not preserved, systolic 
function. Although not yet fully studied, these drugs may 
prove to be beneficial for the treatment of  heart failure as 
a replacement for or in conjunction with diuretics. They do 
not cause hypokalemia and do not appear to be associated 
with upregulation of  the neurohormonal system. Although 
these agents have not been shown to reduce mortality in 
the long term, perhaps their use will allow one to administer 
lower diuretic doses resulting in less electrolyte disturbance 
and improved patient safety. Currently, use of  a vaptan 
may be considered in volume overloaded patients who 
either have or are developing hyponatremia. Routine use of  
vasopressin antagonists has currently not been shown to be 
beneficial. 

When considering the initiation of  a vaptan, it is 
important to think about duration of  therapy, route of  
administration and whether these medications should be 
used in the inpatient or outpatient setting. Most studies 
have only used these medications for short durations and 
there is limited data to support long-term use of  vaptans. 
Therefore, although the effective increase in serum sodium 
concentration has been shown to last through treatment 
duration, it must be emphasized that these medications 
have only short term effect in their current role, and do not 
by any means aim to cure the underlying disease process. 

1 and 2 (SALT-1 and SALT-2) were two simultaneous phase 
III trials published in 2006 by Schrier et al[49]. Patients with 
euvolemic and hypervolemic hyponatremia demonstrated an 
increase in serum sodium levels by day 4 and sustained at day 
30. Hyponatremia recurred when the drug was discontinued 
after the 30-d treatment period.

The Efficacy of  Vasopressin Antagonism in Heart 
Failure Outcome Study With Tolvaptan (EVEREST) Trial 
was a large event-driven, randomized, double-blind, placebo-
controlled study of  4133 patients hospitalized with acute 
heart failure. Patients were randomized to placebo or a 
minimum of  60 d of  tolvaptan at 30 mg/d. Short-term 
clinical effects were examined in two identical trials of  2048 
and 2085 patients[50]. There were statistically significant 
differences in endpoints for body weight and dyspnea in 
both trials’ tolvaptan arms when compared to placebo, 
significant decrease in edema in only one trial, and no change 
in global clinical status in either trial. There was also greater 
improvement in other physician-assessed CHF signs and 
symptoms such as dyspnea, edema, orthopnea and jugular 
venous distention (P < 0.05) as well as increased serum 
sodium levels in the tolvaptan group[51]. Patients receiving 
tolvaptan were discharged on lower doses of  furosemide. 
Although the short-term trials from the EVEREST group 
showed improvement in congestion without significant 
adverse effects, the long-term outcome trial did not show 
any benefit on all-cause mortality or heart failure-related 
morbidity[52]. In a post-hoc analysis of  the EVEREST 
trial studying the effect of  QRS duration on heart failure 
outcomes, a prolonged QRS interval was associated with 
poorer outcomes however use of  tolvaptan did not affect 
these endpoints[53]. 

Effects of  tolvaptan on hemodynamics and left 
ventricular physiology have also been assessed. The 
METEOR (Multicenter Evaluation of  Tolvaptan Effects 
on Left Ventricular Remodeling) Trial, which investigated 
tolvaptan versus placebo in 240 patients with NYHA class 
Ⅱor Ⅲ symptoms and left ventricular ejection fraction 
less than or equal to 30%, showed no difference in the 
primary end point of  left ventricular end diastolic volume 
at the end of  one year[54]. Although not powered for such 
outcomes, the study did show a decrease in morbidity and 
mortality in the tolvaptan-treated patients. In order to further 
substantiate the findings that tolvaptan improved congestion, 
Udelson and colleagues assessed the acute hemodynamic 
effects of  tolvaptan in 181 patients with symptomatic heart 
failure (NYHA class Ⅲ or Ⅳ)[55]. They found that tolvaptan 
effectively decreased pulmonary capillary wedge pressure, 
right atrial pressure and pulmonary arterial pressure.

Similar to other vasopressin antagonists, tolvaptan 
improves serum sodium concentrations in hyponatremic 
patients[49]. In a study of  448 patients with euvolemic or 
hypervolemic hyponatremia, tolvaptan significantly increased 
sodium levels at day 4 and day 30. Interestingly, though 
EVEREST was a study specifically of  patients with acutely 
decompensated heart failure, only about 8% of  patients had 
significant hyponatremia (< 134 mEq/L)[52]. In this subset 
of  patients however, there was a significant rise in serum 
sodium seen as early as day 1.
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Although vaptan use has been theorized to be beneficial 
in the short-term acute setting, many of  the studies were 
done using stable outpatients. It is unclear how useful these 
drugs will be in acutely decompensated heart failure. The 
most thoroughly studied of  these medications, tolvaptan, 
is an oral agent, and therefore absorption may be affected 
by gut edema. One possibility is for patients to acutely 
receive intravenous conivaptan as inpatients and then be 
transitioned over to oral tolvaptan, on which they may 
go home for a short duration such as 30 d. Lixivaptan 
is an additional promising oral agent that is not yet FDA 
approved. Vasopressin antagonists should only be initiated 
inpatient so that sodium levels can be closely monitored and 
rapid correction, which can be detrimental, can be avoided.

CONCLUSION
Further investigation of  vasopressin antagonists is needed in 
patients with both preserved and reduced ejection fractions. 
Acute heart failure has been a challenge to treat thus far. 
Results from ongoing studies of  vasopressin antagonists 
may change the treatment approach in both inpatient and 
outpatient heart failure patients. However, there is still work 
to be done to decrease long-term morbidity and mortality 
in this patient population, which the vaptans do not seem to 
promise.
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