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Introduction
It has been nearly 40 years since the first reports 
appeared using accurate radioimmunoassay of 
increased arginine vasopressin (AVP) levels in 
patients with heart failure (HF).1,2 From the 
standpoint of cardiovascular pathophysiology, 
excessive AVP signaling via the V1a and the V2 
receptors could have multiple adverse effects 
including vasoconstriction, direct myocardial 
stimulation leading to inappropriate ventricular 
remodeling, fluid retention, increased diastolic 
wall stress and hyponatremia. The case for 

blocking these receptors in HF has been made 
repeatedly over the years.3,4 There was an early 
report of the effects of a single dose of a V1a 
antagonist in stable HF patients.5 However most 
of what we have learned about AVP antagonism 
in HF has come from clinical trials with the selec-
tive V2-antagonist tolvaptan.6–16 It has been dif-
ficult to develop orally effective and safe 
antagonists to the V1a receptor, but we do have 
one hemodynamic study in patients with chronic 
HF and one trial in those with acute HF using the 
balanced V1a/V2 antagonist conivaptan.17,18
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There is a new compound now in phase II clinical 
trials, which is an orally effective and apparently 
well-tolerated balanced V1a and V2 antago-
nist.19,20 In this trial the new drug is being studied 
both as adjunctive and alternative therapy to loop 
diuretics in acute and subacute HF. Interpreting 
the results of this trial will depend on both the 
results per se and how they compare with similar 
experience with tolvaptan and to a lesser extent 
with conivaptan, as it is not likely there would be 
a comparison of the new agent with tolvaptan or 
conivaptan any time soon.

The purpose of this brief review is therefore to 
summarize concisely what we have learned from 
the present body of information gained from the 
major hemodynamic and clinical trials in patients 
with HF using the selective V2 antagonist tolvap-
tan and the combined V1a/V2 antagonist conivap-
tan and to place this information in the context of 
directions for future work with AVP antagonism 
in HF.

Hemodynamic and renal studies with 
tolvaptan and conivaptan
As discussed above, it is known that plasma AVP 
concentrations are elevated in patients with HF 
with reduced ejection fraction (HFrEF), and the 
rationale for studying antagonists to AVP was 
based on the possibility that increased AVP levels 
could play a role in the fluid retention and hemo-
dynamic abnormalities seen in patients with HF.3–5 
The hemodynamic and renal effects of vasopressin 
antagonists in stable chronic HF patients have 
been investigated in studies with the selective V2 
antagonist tolvaptan as well as with the dual antag-
onist conivaptan (Table 1).

ECLIPSE: The Effect of Tolvaptan on Hemo
dynamic Parameters in Subjects with Heart 
Failure (ECLIPSE) study was designed to evalu-
ate the hemodynamic effects of tolvaptan, a vaso-
pressin V2 receptor antagonist in 181 patients 
with advanced New York Heart Association 
(NYHA) II–IV HF with left ventricular ejection 
fraction (LVEF) <40%. Using pulmonary artery 
(PA) catheters to assess baseline hemodynamics, 
patients were randomized to receive tolvaptan 
(15, 30, or 60 mg) or placebo (randomized in a 
1:1:1:1 fashion) if they were found to be con-
gested [pulmonary capillary wedge pressure 
(PCWP) was >18 on two consecutive readings]. 
There was a significant increase in urine output 

along with reductions in PCWP and right atrial 
(RA) pressures with all tolvaptan doses when 
compared with placebo, without changes in heart 
rate (HR), arterial pressure, cardiac output (CO) 
or systemic vascular resistance (SVR).6

Costello-Boerringter 2006: Studies have shown that 
V2 receptor antagonism causes aquaresis without 
alteration in renal hemodynamics.7 In this single-
center, open-label, randomized, placebo-controlled 
trial, 14 patients with NYHA II–III HF with 
LVEF < 40% and normal renal function were rand-
omized to receive either tolvaptan 30 mg orally or 
furosemide 80 mg orally on day 1 (or placebo) and 
were crossed over to the other study medication on 
day 3. On day 5, all patients received furosemide 
80 mg orally. Days 2 and 4 were washout periods 
and all background medications were washed out 
for 3 days prior to the start of the trial period. Both 
tolvaptan and furosemide increased urine volume, 
but tolvaptan was shown to maintain renal blood 
flow (whereas it was decreased with furosemide) 
without effect on urine or serum sodium concentra-
tions. There was no change in neurohormone con-
centrations in the tolvaptan group while furosemide 
increased renin and norepinephrine levels.

Udelson 2001: The short-term hemodynamic 
effects of conivaptan (V1a/V2 receptor antago-
nist) were studied versus placebo in 142 patients 
with symptomatic HF (NYHA III–IV). As in the 
ECLIPSE study, all patients were studied using 
PA catheter-derived data. At baseline, patients 
had elevated PCWP but normal CO and SVR. 
Baseline AVP levels were also essentially normal. 
Patients received a single intravenous (IV) dose of 
conivaptan (10, 20, or 40 mg) or placebo, and 
there was a dose-dependent increase in urine out-
put with conivaptan, with significant reductions 
in PCWP and RA pressures over the course of 
3–6 h when compared to placebo. There was no 
change in cardiac index, systemic or pulmonary 
vascular resistance, blood pressure (BP), or HR.17

Goldsmith 2011: The renal effects of conivaptan, 
furosemide and the combination of conivaptan 
with furosemide was studied in eight patients 
with chronic, stable HF on standard medical 
treatments.21 Patients were randomized to receive 
either IV furosemide (dose equivalent to outpa-
tient oral dose), conivaptan 20 mg IV bolus with 
1.2 mg/h as continuous infusion, or the combina-
tion of the two medications. The main goal of  
this study was to look for differences in HR, BP, 
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noninvasively measured hemodynamics, glomer-
ular filtration rate (GFR), and renal blood flow 
between conivaptan and furosemide and the 
combination. Sodium excretion was also assessed. 
There were no differences among the groups in 
HR, BP, or other noninvasively measured hemo-
dynamic indices, nor were there changes in GFR, 
renal blood flow, or plasma neurohormones with 
either medication or the combination. However, 
sodium excretion in the group receiving both 
furosemide and conivaptan was greater than in 
the group receiving furosemide alone, although as 
expected conivaptan had no independent effect 
on urine sodium. This result suggests a possible 
effect of intrarenal V1a antagonism, a topic which 
has received considerable experimental study, 
with the suggestion that V1a activation may influ-
ence renal medullary blood flow.22–24

Clinical trials with tolvaptan
The following clinical trials all examined the 
effects of tolvaptan as adjunctive therapy to loop 
diuretics in patients with acute HF.

ACTIV in CHF: The Acute and Chronic Therapeutic 
Impact of a Vasopressin Antagonist in Congestive 
Heart Failure was a placebo-controlled trial that 
included 319 patients with NYHA III–IV acute 
decompensated HF with an LVEF <40%.8 These 
patients were randomized to oral tolvaptan in addi-
tion to standard therapy, including loop diuretics. 
Patients who received tolvaptan had a significantly 
greater weight reduction 24 h after initial dose 
when compared to the placebo group, along with a 
greater urine volume. The enhanced diuretic effect 
was maintained throughout the hospitalization, 
and patients in the tolvaptan group reported less 
dyspnea at the time of discharge when compared 
to the placebo group. At the end of the 60-day 
follow-up period, there was no difference in wors-
ening HF between the two groups, though the 
tolvaptan group used less furosemide and had no 
difference in HR, BP, or renal function. While the 
study was not powered to evaluate for mortality, a 
post hoc analysis of the study data suggested that 
patients with hyponatremia, “severe” congestion 
and/or a blood urea nitrogen (BUN) of >29 mg/dl 
that were treated with tolvaptan may have a reduc-
tion in mortality.25

METEOR: The effect of vasopressin receptor 
antagonism with tolvaptan on left ventricular 
remodeling was studied in the Multicenter 

Evaluation of Tolvaptan Effect on Remodeling 
(METEOR) trial.9 In this trial, 240 patients were 
randomized to tolvaptan or placebo as adjunctive 
therapy to standard HF background medications 
and followed for 1 year of therapy. The primary 
endpoint was change in left ventricular (LV) vol-
umes. At the end of the study period, there was no 
significant difference in LV volumes between 
groups. The study was not powered for mortality 
but no differences in survival were seen between 
the two groups.

EVEREST: The Efficacy of Vasopressin 
Antagonism in Heart Failure: Outcome Study 
with Tolvaptan (EVEREST) was a phase III clin-
ical trial designed to study the short-term and 
long-term effects of tolvaptan (published sepa-
rately as they were separate trials from a regula-
tory standpoint) in patients hospitalized with 
acute decompensated HF when added to stand-
ard therapy.10,11 A total of 4133 patients with 
NYHA III–IV HF with EF < 40% were rand-
omized within 48 h of hospital admission to 
receive either tolvaptan or placebo in addition to 
standard therapy for a minimum of 60 days. For 
the short-term or hospitalization phase, the pri-
mary endpoint was a composite of global clinical 
status and body weight at 7 days. Secondary end-
points included the individual components of the 
primary endpoint, as well as measures of dyspnea 
and peripheral edema. Tolvaptan showed greater 
reduction in body weight at day 1 and day 7 (or at 
time of discharge). The primary endpoint was 
met, due to the effects on weight loss, but there 
was no difference in the clinical wellbeing scores. 
Tolvaptan also improved dyspnea and peripheral 
edema. Adverse event frequencies did not differ 
between groups, and there was no excess of renal 
failure or hypotension in the tolvaptan group. 
The long-term outcomes phase of the study fea-
tured dual primary endpoints: (1) all-cause mor-
tality and (2) cardiovascular death or HF 
hospitalization. Secondary endpoints included 
signs and symptoms of vascular congestion, 
including dyspnea, body weight, and edema. 
Despite the apparent short-term clinical benefits, 
the long-term clinical outcomes did not show an 
effect on mortality or HF-related morbidity in 
patients whom were initiated on tolvaptan. A post 
hoc analysis of the hyponatremic patients in 
EVEREST; however, did show improved greater 
improvements in dyspnea early on with greater 
weight loss and improved survival in the patients 
with serum sodium <130 meq/l with tolvaptan.26
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TACTICS-HF: The Targeting Acute Congestion 
with Tolvaptan in Congestive Heart Failure Trial 
(TACTICS-HF) was designed to evaluate the 
use of tolvaptan versus placebo when added to 
standard diuretic therapy in patients admitted to 
the hospital with acute decompensated HF.12 A 
total of 257 patients with HF regardless of EF 
were randomized without distinction. There was 
no difference in the primary outcome, which was 
a measure of the percent of patients who showed 
moderate or marked clinical improvement with 
tolvaptan as predefined by the investigators (with-
out need for rescue therapy). There was more 
fluid loss at 24 h with tolvaptan, but no difference 
in dyspnea relief at the time of the primary end-
point, though differences emerged later. Renal 
function was assessed as a binary secondary end-
point, defined as a change in serum creatinine of 
>0.3 mg/dl within 72 h. While the tolvaptan 
group had significantly more patients that met 
this definition of worsening renal function at 72 h, 
this effect seems to be driven by a change in cre-
atinine within the first 24 h (there was no differ-
ence in serum creatinine at 48 or 72 h).

SECRET of CHF: Study of the Short-Term 
Clinical Effects of Tolvaptan in Patients 
Hospitalized for Worsening Heart Failure with 
Challenging Volume Management (Secret of 
CHF) randomized 250 patients regardless of EF 
who were hospitalized within the past 36 h for 
acute decompensated HF with dyspnea and either 
impaired renal function, diuretic resistance, or 
hyponatremia. As in the other studies patients 
received either tolvaptan or placebo in addition to 
standard diuretic therapy.13 The primary end-
point was a change in self-assessment of dyspnea 
measured at 8 h and 16 h after the initial dose of 
tolvaptan. While the primary endpoint was not 
met, there was ultimately a greater reduction in 
dyspnea in the tolvaptan group by day 3 of the 
study period. The tolvaptan group did show a 
greater weight reduction in this study, as seen in 
previous clinical trials.

AQUAMARINE: The clinical effectiveness of 
tolvaptan in patients with acute decompensated 
HF and renal failure was studied in the 
AQUAMARINE trial, which was a multicenter, 
randomized but not placebo-controlled clinical 
trial that enrolled 220 patients with acute decom-
pensated HF regardless of EF with GFR between 
15 and 60.14 Patients were randomized to receive 

either usual care with a loop diuretic or tolvaptan 
adjunctive therapy. This study showed significant 
incremental weight loss and improvement in 
dyspnea without worsening renal function in the 
tolvaptan group.

The following two studies looked at tolvaptan as 
alternative therapy to loop diuretics in chronic 
and acute HF.

Udelson 2011: Tolvaptan as monotherapy was 
compared to furosemide and the combination of 
tolvaptan and furosemide for up to 7 days in 83 
patients with NYHA II–III HF with EF < 40%.15 
In this study, 83 patients were randomized to 
either tolvaptan 30 mg, furosemide 80 mg, a com-
bination of tolvpatan/furosemide, or placebo for 
7 days in addition to standard therapy without 
fluid restriction. Tolvaptan monotherapy led to a 
reduction in body weight when compared to pla-
cebo which was not different than that produced 
by furosemide or the combination. While there 
was no change in urinary sodium levels between 
tolvaptan and furosemide, serum sodium levels 
were higher in the tolvaptan group for the first 
week after randomization, though levels returned 
to baseline after this. Plasma brain natriuretic 
peptide (BNP) levels were similar with furosem-
ide and tolvaptan. After 1 week of therapy, aldos-
terone levels were suppressed in the tolvaptan 
group compared to the furosemide group, con-
sistent with the expected renin–angiotensin sys-
tem activation with loop diuretics, an effect not 
seen with V2 antagonism.

Jujo 2016: This was a pilot trial that compared 
tolvaptan with furosemide in acute HF.16 A total 
of 60 patients who were hospitalized with acute 
decompensated HF were randomized to receive 
either 40 mg IV furosemide daily or oral tolvaptan 
for 5 days. At the end of the study period, weight 
loss and symptom relief were similar between the 
two groups. Plasma BNP levels and plasma cat-
echolamines declined similarly in both groups. 
Plasma renin activity and aldosterone levels, 
serum creatinine, BUN, and BUN/creatinine 
ratios all increased in the furosemide group and 
did not change in the tolvaptan group.

Clinical trials with conivaptan
Only one clinical trial has been reported with 
conivaptan.
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Goldsmith 2008: The efficacy and safety of 
conivaptan in the treatment of acute decompen-
sated HF were studied in a double-blind, multi-
center trial with 170 hospitalized patients who 
were randomized to receive either conivaptan or 
placebo.18 Conivaptan was administered as a 
20-mg IV loading dose followed by two succes-
sive 24-h continuous infusions of 40, 80, or 
120 mg/d. There was significantly more urine 
output and greater weight loss in the conivaptan 
groups though there was no difference in patient 
or clinician assessments of symptoms. Serum cre-
atinine and BUN were similar in the two groups 
despite the greater weight loss in the conivaptan 
group. There was no clinically significant hypo-
tension in the conivaptan group.

Conclusions and implications for  
future study
Modulating neurohormonal imbalance in patients 
with HFrEF has been up to now the basis for all 
of the successful therapies that have improved 
patient survival. Prior to the introduction of the 
combination of angiotensin II antagonism and 
neprilysin inhibition (ARNI) therapy had been 
directed at antagonizing or inhibiting maladaptive 
neurohormonal systems. The use of ARNI also 
promotes the activity of beneficial neurohormo-
nal activity.27 While it is known that plasma AVP 
levels are elevated in HFrEF, it remains unclear 
at this point if this hormone plays a role in disease 
progression. As summarized in this review, we 
now have a clear understanding of the effects of 
pure V2 antagonism as adjunctive therapy in 
acute and chronic HFrEF with most of the evi-
dence coming from short-term studies, and one 
large long-term outcomes study. Over the course 
of an admission for acute HF, V2 antagonism 
consistently improves decongestion as reflected in 
weight loss, with improvements in dyspnea at 
variable time points, and neutral or beneficial 
effects on renal function relative to loop diuretics 
alone. In patients with normal EF in the trials that 
included these patients the responses were not 
different from those with reduced EF. In HFrEF, 
however, adjunctive therapy with pure V2 antag-
onism did not reduce LV volumes or improve 
mortality with long-term use as shown in 
METEOR and the chronic phase of EVEREST.

A beneficial effect of blocking AVP signaling on 
LV remodeling and mortality would more likely 
be seen, however, with a V1a antagonist since 

reverse remodeling and reduced mortality are 
linked in prior studies of neurohormonal modula-
tion, and the signaling pathway for the V1a recep-
tor is analogous to that for angiotensin II. In the 
METEOR trial using a pure V2 antagonist, no 
effects were seen on remodeling (and while the 
trial was not powered for events, survival was not 
different between the groups). The failure to 
block the V1a receptor might also have undercut 
any potential benefit of V2 antagonism in the 
EVEREST trial since AVP levels rose in the 
tolvaptan group.28 We have not had a V1a antag-
onist available for chronic use to test this hypoth-
esis, either alone or in combination with a V2 
receptor. Ideally, one would study a dual antago-
nist, as if AVP levels were displaced from receptor 
sites with a selective V1a antagonist, unwanted 
water retention could occur from enhanced V2 
signaling in the kidney. Our only experiences with 
V1a antagonism suggest that the hemodynamic 
effects may be related to plasma levels as the SVR 
fell with a single injection of an early IV antago-
nist only in patients with increased AVP levels, 
while the only hemodynamic experience with a 
dual antagonist in patients with chronic HF but 
normal AVP levels showed no effects on CO, BP 
or SVR.5,17 The only clinical trial of a combined 
antagonist was of short duration, hemodynamics 
and AVP levels were not assessed, and the results 
resemble those seen with pure V2 antagonism.18

The studies which have explored V2 antagonism 
as an alternative to loop diuretics are intriguing 
since they both showed that comparable decon-
gestive effects were seen, suggesting that one does 
not require a natriuretic agent to produce clini-
cally important decongestion. As well, in the Jujo 
report, plasma BNP levels declined comparably in 
both groups suggesting that despite radically dif-
ferent mechanisms of diuresis, ventricular wall 
stress is similarly affected. In both studies, tolvap-
tan was associated with a superior renal profile 
accompanied by major differences in activation of 
the renin–angiotensin–aldosterone axis. This find-
ing was buttressed by the mechanistic study show-
ing superior renal and neurohormonal effects of 
tolvaptan versus furosemide.7 Given the consist-
ently poor outcomes in acute HF using loop diu-
retics as the predominant decongestive therapy, 
further exploration of V2 antagonism as alterna-
tive therapy would certainly be justified. To avoid 
any unwanted effects of additional V1a stimula-
tion; however, it might be best if a dual antagonist 
was used in such studies, though it could be that 
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simply removing (or at least limiting) the adverse 
effects of loop diuretics could allow for benefit to 
be seen with a pure V2 antagonist alone.

This review has focused on the impact of AVP 
antagonism in HF. V2 antagonism has also been 
studied in euvolemic and hypervolemic hypona-
tremia, including that seen in HF. The pivotal 
study establishing the efficacy of tolvaptan for 
hyponatremia showed equivalent responses 
regardless of etiology of the hyponatremia.29 
Hyponatremia in chronic HF is common, though 
levels <130 meq/l are not common in acute HF.11 
Hyponatremia is associated with poor outcome in 
HF but whether it is just a marker for poor out-
come or a contributor to the pathophysiology of 
HF is not clear.30 Further study of this important 
issue is needed especially in view of the results of 
the post hoc analyses from ACTIV and EVEREST 
showing improved outcomes in the group with 
hyponatremia, in particular with serum sodium 
<130 meq/l.25,26 Whether hyponatremia is symp-
tomatic in HF and whether correction of hypona-
tremia improves any symptoms or survival has 
not yet been addressed but would certainly seem 
to be justified based on the available data.31

Worldwide, experience with AVP antagonism is 
conditioned by location and regulatory approval. 
Most of the HF studies have been in the United 
States or Japan. In the United States, regulatory 
approval for tolvaptan and conivaptan is confined 
to hypervolemic and euvolemic hyponatremia. 
Neither is approved for HF per se, despite tolvap-
tan in the inpatient phase of EVEREST having 
met its primary endpoint. In Japan, regulatory 
approval for tolvaptan includes edema in HF 
patients not responding to loop diuretics. The sit-
uation is evolving in other Asian countries regard-
ing HF and hyponatremia. In Europe, tolvaptan is 
indicated only for euvolemic hyponatremia.

In conclusion, based on what we have to date it 
may be unlikely that further study of a pure V2 
antagonist would show improved outcomes in the 
broad run of patients with HFrEF as adjunctive 
therapy though as noted, we do not have data on 
this approach in the absence of loop diuretics. In 
theory, blocking both receptors would perhaps 
make the most sense for the reasons discussed 
above. As noted earlier there is a new dual antago-
nist undergoing phase II studies during and after 
hospitalization for acute HF.19,20 A recent study 
with this agent in experimental HF suggests 

hemodynamic advantages compared with the pure 
V2 antagonist tolvaptan.32 The main potential 
limitation to V1a antagonism or dual blockade 
would be hypotension but it is reassuring that in 
the experience with conivaptan in acute HF this 
did not occur, neither was it seen in the experi-
mental study cited.18,32 Finally, in chronic HF 
outcomes are now quite good with the addition of 
ARNI therapy and it might be difficult to show 
benefit of a V2 antagonist as alternative therapy, 
or a dual antagonist as either alternative or adjunc-
tive therapy without studying many thousands of 
patients. However, since outcomes after acute HF 
remain poor it may be possible to demonstrate 
potential benefits of either approach in this setting 
with many fewer patients.
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