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Overview of Vasopressin Receptor Antagonists in Heart Failure
Resulting in Hospitalization

Leonardo De Luca, MD,a Cesare Orlandi, MD,b James E. Udelson, MD,c

Francesco Fedele, MD,a and Mihai Gheorghiade, MDd,*

Patients with worsening heart failure (HF) requiring hospitalization commonly have
a history of progressive fluid retention, decreased renal function, and hyponatremia.
For these patients, diuretics have traditionally been the mainstay of treatment, but
they are associated with electrolyte abnormalities and impaired renal function. Pre-
vious studies have shown that levels of the endogenous arginine vasopressin (AVP)
hormone are elevated in patients with HF and may be the contributing factor to fluid
retention and hyponatremia, and probably progression of HF. Vasopressin antago-
nists represent a unique class of therapeutic agents because of their potential role in
both the short- and long-term treatment of patients hospitalized with worsening HF.
As “aquaretics,” AVP antagonists offer the possibility of added efficacy in relieving
congestion and improving symptoms with minimal adverse effects in combination
with standard medical therapy. Some AVP receptor antagonists have shown prom-
ising results in animal studies and small-scale clinical trials. The purpose of this
review was to update the current status of studies with the available AVP
antagonists. © 2005 Elsevier Inc. All rights reserved. (Am J Cardiol 2005;96[suppl]:

24L–33L)
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atients hospitalized for worsening heart failure (HF)
often have a history of progressive fluid retention, man-

fested by an increase in body weight, leading to developing
ymptoms requiring hospitalization. Most of these patients
re normotensive and have signs and symptoms of pulmo-
ary or systemic congestion, or both.1,2

Current management of pulmonary and systemic con-
estion often does not result in a substantial decrease in
ody weight during the hospitalization period, or in an
mprovement in signs and symptoms.1,2 At the time of
dmission, the clinical presentation of patients with wors-
ning HF is characterized by dyspnea (80%), jugular vein
istention (60%), rales (70%), peripheral edema (65%),
adiographic pulmonary congestion (65%), or any com-
ination of these conditions.3–5 Six-month postdischarge
eadmission and mortality rates remain as high as 50%
nd 25%, respectively.1–5 This unacceptably high event
ate occurs even though most patients are normotensive,
ithout significant renal failure, and appear to respond
ell to therapy.
Renal hypoperfusion in the setting of left ventricular
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LV) dysfunction is also frequently present and can lead to
odium and water retention and activation of the renin-
ngiotensin-aldosterone system and neurohormonal path-
ays, with consequent deleterious effects on the myocar-
ium. A vicious circle may then ensue, which can be
ssociated with increased cardiovascular complications. Re-
al dysfunction is among the most powerful predictors of
oor prognosis in this patient population.6–9

The first-line in-hospital management of patients hospi-
alized for worsening HF is directed at reversing the con-
estion and optimizing treatment. To date, non–potassium-
paring diuretics are the mainstay of pharmacologic therapy
or congestion.

imitations of Diuretic Usage

se of diuretics in patients with HF and renal dysfunction
as been the source of recent intense debate.10 Controlled
utcome studies have not and could not be conducted with
oop diuretics for ethical reasons. As a consequence, most of
he available data are based on retrospective analyses with
bvious limitations.

The adverse effects of loop diuretic therapy are well
nown. Electrolyte imbalances (particularly hypokalemia)
re among the most common adverse effects of chronic
iuretic therapy, with incidence ranging from 14% to
0%.11,12

High doses of loop diuretics, such as furosemide, also

ave a negative effect on renal function, reducing renal

www.AJConline.org
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erfusion and glomerular filtration rate, and are known to
ctivate the renin-angiotensin-aldosterone system, which
as further negative effects.13 Numerous studies have found
hat aggressive diuresis can be associated with worsening
enal function, especially in the presence of ACE inhibi-
ors.14,15 In retrospect, it appears that high doses or chronic
dministration of diuretics have also been associated with
ncreased mortality rates,16–19 leading some clinicians to
onclude that diuretics are causally related to increased
ortality risk.
In a retrospective analysis of 6,797 patients with an

jection fraction �0.36 enrolled in the Studies of Left Ven-
ricular Dysfunction (SOLVD) trial, patients receiving a
iuretic at baseline were more likely to die of arrhythmic
auses than those not receiving a diuretic (3.1 vs 1.7 ar-
hythmic deaths per 100 person-years).20 On univariate
nalysis, diuretic use was associated with an increased risk
f arrhythmic death.20

However, diuretic use may purely represent a marker of
isease severity, because diuretic resistance and concomi-
ant worsening renal dysfunction necessitate a more aggres-
ive diuretic approach. In any case, in the absence of an
lternative, administration of loop diuretics remains neces-
ary for the treatment of volume overload for reducing
ymptoms.

The possibility of more physiologic approaches to fluid
emoval devoid of the undesired effects associated with
onventional diuretics is currently being tested.

rginine Vasopressin

rginine vasopressin (AVP) is a nonapeptide hormone syn-
hesized in the hypothalamus and stored in the posterior
ituitary with significant cardiovascular and renal ef-
ects.21,22 These effects are mediated through �2 receptor
ubtypes: the V1A receptor, found on vascular smooth mus-
le cells and in the myocardium, and V2 receptors found in
he distal tubule of the kidney.22

Stimulation of the V1A receptor results in vasoconstric-
ion in the peripheral and coronary circulation and has other
ffects, including increasing intracellular calcium levels in
ardiac myocytes.23,24 Recent studies have also demon-
trated that AVP increases the rate of protein synthesis in
he myocardium, leading to myocyte hypertrophy, an effect
irectly mediated by the V1A receptor.25,26

The V2 receptor mediates renal water retention and is
redominantly responsible for the antidiuretic effect of this
ormone.23,24 It has been hypothesized that the V2 receptors
ay also subserve endothelium-dependent vasodilation, but

robably not at normal physiologic levels.27,28

Under normal circumstances, AVP release is predomi-
antly influenced by small changes in plasma osmolality,
esulting in tight regulation of serum osmolality and serum
odium levels.23 However, in HF and LV dysfunction, nu-

erous nonosmotic mechanisms assume a more prominent m
ole in the control of vasopressin release.23,29 These mech-
nisms include baroreceptors sensing changes in intra-arte-
ial plasma volume and other inputs including central sym-
athetic stimuli and central angiotensin II levels.23

ole of Vasopressin in Heart Failure

asopressin levels are often elevated in patients with
F,29–33 and they also appear to be associated with adverse

ardiovascular outcomes in the setting of LV dysfunction
fter myocardial infarction (MI).34

Using radioimmunoassay techniques, Goldsmith et
l30 found that mean AVP levels were substantially
igher in patients with HF than in control patients. Later,
everal studies in patients with both stable and acute
ecompensated HF confirmed elevated or incompletely
uppressed AVP levels (Table 1).35– 46 In an analysis of
he SOLVD population before randomization, Francis
nd associates42 reported that patients with asymptomatic
V dysfunction had elevated AVP levels compared with
ontrol patients, and that these values were even higher in
atients with symptomatic mild-to-moderate HF, similar
o what was observed with plasma renin and norepineph-
ine.

Rouleau and colleagues34 reported the prognostic
alue of AVP levels in a multivariate analysis from the
urvival and Ventricular Enlargement (SAVE) popula-

ion of post-MI patients with LV dysfunction. Vasopres-
in levels approximately 1 month after MI were indepen-
ently associated with adverse long-term cardiovascular
utcomes, including HF, recurrent MI, and death.34 Other
tudies have documented dysregulation of vasopressin
evels in the HF state. Lack of suppression of vasopressin
evels with a water load,32 as well as exaggerated release
n response to an osmotic load,38 have also been reported.

These data suggest that AVP may contribute to the cir-
ulatory response in patients with HF, and may also play a
ole in the development and progression of HF. Theoreti-
ally, excess AVP secretion could contribute to the patho-
hysiology of HF by several distinct load-dependent and
ndependent mechanisms.21 V1A receptor stimulation could
ause vasoconstriction and contribute to increased myocar-
ial afterload, which contributes to LV remodeling and
rogressive failure. Sustained V1A stimulation could also
irectly contribute to myocardial hypertrophy and aggravate
dverse remodeling.21

V2 receptor stimulation by AVP could also contribute to
olume expansion and increased cardiac preload. Increased
reload contributes to diastolic wall stress and may exacer-
ate eccentric remodeling.

If water accumulates to a greater degree than sodium,
yponatremia may result. Hyponatremia has long been rec-
gnized as a marker for poor outcome in HF, and although
t is generally assumed that hyponatremia is simply a

arker for more advanced disease, an independent contri-
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ution of low sodium to HF morbidity and mortality re-
ains possible.47–49

asopressin Antagonists in Experimental Studies

cute antagonism of AVP at the V1A level produced he-
odynamic benefit in several models of HF.50–52 Interest-

ngly, 1 study in pacing-induced failure showed that al-
hough only modest acute effects on cardiac load and
yocyte function were seen with the administration of V1A

ntagonist alone, a synergistic effect could be observed
hen the V1A antagonist was combined with an angiotensin

I antagonist.45

The administration of a V1A and V2 antagonists or of a
ombined antagonist in the post-MI rat model of HF has
een shown to produce more impressive hemodynamic ben-
fit than that seen with selective antagonism alone.50,53,54

hen given chronically in experimental post-MI HF, a
ombined V1A/V2 antagonist produced significant effects on
ight ventricular weight beyond those seen with an ACE

able 1
asopressin levels measured by radioimmunosorbent assay in patients wi

tudy Population Mean AVP
Levels (pg/mL

reager et al33 CHF (n � 10) 2.4 � 0.6
Normals (n � 7) 1.1 � 0.2

icod et al37 CHF (n � 10) 2.3 � 0.8
ruszczynski et al32 CHF (n � 14) 4.6 � 0.3

HTN (n � 8) 2.9 � 0.1
CAD (n � 11) 3.4 � 0.2

oldsmith et al30 CHF (n � 31) 9.5 � 0.9
Normals (n � 51) 4.7 � 0.7

oldsmith et al38 CHF (n � 15) 11.6 � 5.5

Normals (n � 9) 5.3 � 2.3
zatalowicz et al36 CHF (n � 9) 4.6 � 2.1
ramer et al39 CHF (n � 20)

“High AVP” for pOsm 14.5 � 8.8
“Low AVP” for pOsm 3.9 � 1.0

ouleau et al40 Asx LVD (n � 534) 1.8 � 6.7

avras et al44 Normals (n � 12) 1.1 � 0.2
rancis et al42 CHF (n � 80) 3.5

Asx LVD (n � 147) 2.6
Normals (n � 54) 2.9

retsky et al43 CHF (n � 42) 3.0 � 2.5
Normals (n � 10) 1.0 � 0.4

delson et al46 CHF (n � 142) 2.1–2.9
heorghiade et al45 CHF (n � 254) �8.0 in 6.3%

population
rice et al41 CHF (n � 27) 10.3 � 12.8

PO (n � 14) 13.9 � 17.3
Normals (n � 15) 3.7 � 2.4

Asx LVD � asymptomatic left ventricular dysfunction; AVP � arginin
TN � hypertension; PO � pulmonary overcirculation; pOsm � plasma
f Left Ventricular Dysfunction.
nhibitor.55 n
Administration of a V2 antagonist in laboratory rats has
een shown to produce a potent and dose-dependent
quaretic effect and a decrease in serum osmolality, with no
timulation of the renin-angiotensin-aldosterone system.56,57

asopressin Antagonists in Human Studies and
linical Trials

he development of vasopressin receptor antagonists has
een hampered for several years by the lack of nonpeptide,
rally available compounds. In recent years, several selec-
ive receptor antagonists have been developed as oral or
ntravenous formulations (Table 2). However, data from
ontrolled studies in populations with HF remain scant.

V1A antagonists: A pure V1A antagonist may be ex-
ected to produce arterial vasodilation and a reduced after-
oad-related stimulus to LV remodeling and failure. It may
lso diminish direct myocardial stimulation from AVP,
hich could be more important in the setting of other

ic heart failure (HF) and other populations

Comments

Vasodilators held for 48 hr

On diuretics
On diuretics
Not on diuretics
Vasodilators/diuretics held � 48 hr low sodium diet

Elevated baseline levels in patients with did not increase in response
to orthostatic stress

At serum sodium 137 mEq/L

SAVE trial population, 27% “activated” (i.e. �1.96 SD above age-
matched controls)

Range 2.3–4.4
Range 1.7–3.0
Range 1.4–2.3 (SOLVD population)

On diuretics

Pediatric population

ressin; CAD � coronary artery disease; CHF � congestive heart failure;
lity; SAVE � Survival and Ventricular Enlargement; SOLVD � Studies
th chron

)

of

e vasop
osmola
eurohormonal antagonists. Unfortunately, development of
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nonpeptide V1A antagonist has been difficult, because
ompounds that appeared promising in rats have been
hown to be partial agonists in humans.58

To date, there is at least 1 highly selective and potent V1A

ntagonist, SR49059, which has been shown to exert a
emodynamic effect in various rat species and on receptors
f human origin.59 Therefore, despite the potential clinical
tility of a V1A antagonism in HF, there are no data with
hronic V1A antagonist administration in clinical settings.

Conversely, the acute administration of a selective V1A

ntagonist has been shown to produce beneficial hemody-
amic effects in HF patients with elevated AVP levels.
ignificant blood pressure reductions were seen with the
ame compound in patients with resistant hypertension,
ven with low plasma AVP levels,44,60 which suggest that
VP levels may not predict hemodynamic effects.

Table 2
Current formulations of the available selectiv

Compound

V1A antagonists
OPC-21268
Relcovaptan (SR 49059)

V2 antagonists
SR 121463A
SR 121463B
OPC-31260
Tolvaptan (OPC-41061)
Lixivaptan (VPA-985)
VPA-343

Combined V1A/V2 antagonists
Conivaptan (YM-087)
YM-471

IV � intravenous; NA � not available.
Figure 1. Changes in body weight during 24 hours of treatment with p
V2 antagonists: A V2 receptor antagonist, tolvaptan, has
een studied in relatively large, well-controlled studies in
atients with stable and decompensated HF. In these popu-
ations, the compound produced the expected pharmaco-
ogic response, with augmented production of dilute urine
nd increased plasma osmolality and serum sodium levels.

In the first published study,45 the drug was given for 30
ays to patients with mild clinical HF. A total of 254
atients were randomly assigned to placebo (n � 63) or
olvaptan (30 mg [n � 64], 45 mg [n � 64], or 60 mg [n �
3]) once daily for 25 days. After 24 hours, when compared
ith baseline, investigators observed a significant decrease

n body weight in the 3 tolvaptan groups and a body weight
ncrease in the placebo group (Figure 1). A decrease in
dema and a normalization of serum sodium in patients with
yponatremia were also observed in the tolvaptan-treated

ressin receptor antagonists

Formulation

Oral
Oral

Oral, IV
Oral, IV
Oral, IV
Oral, IV
Oral
Oral

Oral, IV
NA
e vasop
lacebo or tolvaptan at different dosages *p �0.05 vs placebo.
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roup (but not in the placebo-treated group), without any
ignificant change in heart rate, blood pressure, serum po-
assium, or renal function.45

The Acute and Chronic Therapeutic Impact of a Vaso-
ressin 2 Antagonist (Tolvaptan) in Congestive Heart Fail-
re (ACTIV in CHF) study was a prospective, international,
ulticenter, double-blind, placebo-controlled trial con-

able 3
uman studies and clinical trials with vasopresin receptor antagonists in

Compound Patients Dosage

olvaptan
Gheorghiade et al61 254 pts with chronic HF

irrespective of EF
30, 45, or 60

placebo

Gheorghiade et al
(ACTIV in CHF)62

319 pts hospitalized for HF
with congestion and EF
�0.40

30, 60, or 90
placebo

Udelson et al
(VICTOR)63

83 pts in NYHA class II–
III with signs of
congestion

30 mg/day vs
furosemide
and tolvapta
day �furos
mg/day

onivaptan
Udelson et al63 142 pts with advanced HF

(NYHA class III–IV)
10, 20, or 40

placebo

Russell et al
(ADVANCE)68

343 pts in NYHA class
II–IV

10, 20, or 40
daily vs pla

Verbalis et al70 66 pts with HF and
hyponatremia

40 or 80 mg/d
placebo

ACTIV in CHF � Acute and Chronic Therapeutic Impact of a Vasop
valuation of a Vasopressin Antagonist in CHF Patients Undergoing Exerc

New York Heart Association; PCWP � pulmonary capillary wedge p
nhibition in CHF by Tolvaptan Oral Regimen Trial.
ucted in 319 patients hospitalized for HF with clinical s
ongestion and a LV ejection fraction �0.40.61 The study
as designed to assess the acute and chronic effects of
arying doses of tolvaptan in patients with worsening HF
equiring hospitalization (Table 3). Patients were random-
zed within 72 hours of admission to 1 of 4 regimens: (1)
olvaptan 30 mg (n � 78), (2) tolvaptan 60 mg (n � 84), (3)
olvaptan 90 mg (n � 77), or (4) placebo (n � 80). A

with heart failure (HF)

Aim Outcomes

vs To evaluate short-term
effects of tolvaptan

Significant decrease in body weight
in all tolvaptan groups,
compared with placebo at 24 hr,
with a concomitant increase in
urine volume; a decrease in
edema and a normalization of
serum sodium in pts with
hyponatremia were observed in
the tolvaptan group

vs To evaluate short- and
intermediate-term
effects of tolvaptan

Dose-independent decrease in body
weight at 24 hr in tolvaptan
group without changes in HR or
BP compared with placebo. No
differences in worsening HF at
60 days between tolvaptan and
placebo

,
day
g/
0

To evaluate the
efficacy of tolvaptan
vs furosemide and
their combination

Tolvaptan monotherapy and/or
added to furosemide was
associated with a decrease in
body weight and edema and an
increase in urine output and
serum sodium within normal
range

vs To evaluate the
hemodynamic
effects if conivaptan

20 and 40 mg of conivaptan
reduced PCWP and RAP during
the 3- to 6-hr interval after
administration; moreover,
conivaptan increased urine
output in a dose-dependent
manner

e To determine the
safety and efficacy
of conivaptan to
improve symptoms
and functional
capacity after 12 wk
of administration

Conivaptan did not demonstrate
efficacy in terms of improving
exercise tolerance or quality of
life

To evaluate the
change in serum
sodium
concentration from
baseline over the
duration of
treatment

Over the 4-day treatment period,
conivaptan was significantly
more effective than placebo in
increasing serum sodium
concentration in a gradual, dose-
related manner

2 Antagonist in Congestive Heart Failure Trial; ADVANCE � A Dose
l; BP � blood pressure; EF � ejection fraction; HR � heart rate; NYHA
; pts � patients; RAP � right atrial pressure; VICTOR � Vasopressin
patients

mg/day

mg/day

placebo
80 mg/
n 30 m

emide 8

mg/day

mg twic
cebo

ay vs

ressin
ise Tria
ressure
tatistically significant increase in body weight reduction
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ompared with placebo was observed in the tolvaptan
roups at 24 hours. This effect was maintained throughout
he duration of the hospitalization (Figure 2). No differences
ere observed in worsening HF at 60 days between the
roups.61 Although not powered to detect mortality differ-
nces, there was a trend toward lower mortality in patients
eceiving tolvaptan, particularly those with severe clinical
ongestion, hyponatremia, and abnormal renal function
Figure 3).61,62

Importantly, tolvaptan was able to normalize serum

igure 2. Mean body weight changes during hospitalization in the Acute
ailure (ACTIV in CHF) study. *p �0.05 vs placebo.

igure 3. Incidence of 60-day overall mortality, hyponatremia, increase in s
f a Vasopressin Antagonist in Chronic Heart Failure (ACTIV in CHF) s
odium in patients with hyponatremia at 24 hours.62 The m
ddition of tolvaptan was not associated with acute or
hronic changes in blood pressure, changes in serum
otassium, or increases in serum urea nitrogen and
reatinine.

The Vasopressin Inhibition in CHF by Tolvaptan Oral
egimen (VICTOR) study enrolled 83 patients with HF

New York Heart Association [NYHA] class II to III) and
igns of congestion who were withdrawn from baseline
iuretic therapy and given a low-sodium diet.63 After a
-day run-in period, patients were randomized to placebo,

ronic Therapeutic Impact of a Vasopressin Antagonist in Chronic Heart

rea nitrogen, and congestion in the Acute and Chronic Therapeutic Impact
dema, dyspnea, and jugular venous distention at baseline.
and Ch
erum u
tudy. *E
onotherapy with tolvaptan 30 mg, monotherapy with fu-
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osemide 80 mg, or both tolvaptan and furosemide in com-
ination once daily for 7 days. One week after treatment,
olvaptan monotherapy without concomitant loop diuretic
herapy reduced body weight and lessened edema compared
ith placebo, without adverse changes in serum electro-

ytes.63

ombined V1A/V2 Antagonists

o date, only 1 combined V1A/V2 antagonist, conivaptan,
as been evaluated in humans (Table 3). In a study by
delson and colleagues,58 142 patients with symptomatic
F (NYHA class III to IV) were randomized to a double-
lind, single intravenous dose of conivaptan (10, 20, or 40
g) or placebo. Compared with placebo, conivaptan 20 and

0 mg significantly reduced pulmonary capillary wedge and
ight atrial pressures during the 3- to 6-hour intervals after
ntravenous administration.58 Moreover, conivaptan signif-
cantly increased urine output in a dose-dependent manner
uring the first 4 hours after the dose. Cardiac index, sys-
emic and pulmonary vascular resistance, blood pressure,
nd heart rate did not significantly differ from hemodynam-
cs with placebo.46 The lack of effect on systemic vascular
esistance appears to indicate that the hemodynamic effect
as mostly a reflection of volume changes secondary to V2

eceptor blockade, rather than V1A receptor-mediated vaso-
ilatation.

The effects of 12-week chronic administration of
onivaptan on HF symptoms and functional capacity by
xamining the change in exercise time to reach 70% of peak
xygen consumption have been tested in A Dose Evaluation
f a Vasopressin Antagonist in CHF Patients Undergoing
xercise (ADVANCE) trial, a multicenter, double-blind,
lacebo-controlled randomized study.64 Among the 343 pa-
ients with HF in NYHA class II to IV, there were no
linically or statistically significant differences in patients’
xercise or symptom assessments between the conivaptan

Table 4
Comparison between vasopressin antagonists a

Urine output
Serum sodium
Serum potassium
Plasma osmolality
Blood pressure
Serum urea nitrogen/creatinine
Renal blood flow/GFR
Sodium excretion
Renal vascular resistance
Serum vasopressin
Serum norepinephrine
Plasma renin activity
Aldosterone production

AVP � arginine vasopressin; GFR � glom
reatment and placebo treatment groups.65 A
Recently, results of a randomized, placebo-controlled,
ouble-blind, multicenter trial of continuous infusions of
onivaptan for the treatment of euvolemic or hypervolemic
F patients with hyponatremia have also been reported.66

he study consisted of a 2-week screening phase, a 20- to
8-hour baseline phase (study day 0), and a 4-day double-
lind treatment phase (study days 1 to 4). The study in-
luded HF patients with a serum sodium between 115 and
30 mEq/L, a fasting blood glucose �275 mg/dL, and
lasma osmolality �290 mOsm/kg of water. Patients were
andomized to receive a 20-mg bolus of conivaptan fol-
owed by infusion of conivaptan 40 mg/day for 4 days, a
0-mg bolus of conivaptan followed by infusion of
onivaptan 80 mg/day for 4 days, or placebo.66 The primary
nd point of the study was change in serum sodium con-
entration from baseline over the duration of the treatment
hase as measured by area under the serum sodium versus
ime curve. Secondary efficacy end points included time
rom first dose to an increase in serum sodium concentra-
ions �4 mEq/L from baseline, total time in the treatment
hase during which patients had serum sodium concentra-
ions �4 mEq/L above baseline, change in serum sodium
oncentration from baseline to end of treatment, and number
f patients achieving an increase in serum sodium concen-
ration �6 mEq/L or a normal serum sodium concentration
�135 mEq/L). Among the 66 patients who completed the
tudy over the 4-day treatment phase, conivaptan 40 and 80
g/day was significantly more effective than placebo in

ncreasing serum sodium concentrations in a gradual, dose-
elated manner.66

2 Receptor Antagonists Versus Loop Diuretics
Effects on ventricular preload: Given the adverse ef-

ects of high doses of loop diuretics on neurohormonal
alance and electrolytes, it is possible that a sustained effect
n plasma volume produced by V2 antagonism leads to a
afer and more effective reduction in ventricular preload.

diuretics proprietics

Antagonists Loop Diuretics
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xpected to result in more stimulation of AVP and a self-
einforcing cycle leading to continued or increased need for
he V2 antagonist; it may also lead indirectly to a more
ffective overall diuresis by moving electrolytes out of cells
nto the vascular space and ultimately into the kidney where
t may be excreted. This effect, because it would be accom-
anied by additional water excretion, could contribute to
reload reduction without as much increase in plasma os-
olality (Table 4).

Serum sodium: Of particular interest is the role played
y AVP in the genesis and maintenance of hyponatremia in
atients with HF67–71 (Table 4) and the role of vasopressin
ntagonists in this setting. A separate article in this supple-
ent covers the subject of AVP antagonists and hyponatre-
ia in more detail.72

It has long been known that hyponatremia is associated
ith poor outcomes in patients with chronic HF.73 This has
een recently confirmed by subanalyses47 of the ACTIV in
HF48 and Organized Program to Initiate Lifesaving Treat-
ent in Hospitalized Patients with Heart Failure (OPTIME-
HF)49 trials, in which serum sodium levels were associated
ith a very high risk of early mortality in patients hospital-

zed for worsening HF. Several studies have demonstrated
hat patients with HF and hyponatremia have inappropri-
tely elevated AVP levels, indicating that in this condition
he normal osmotic control of vasopressin release is dys-
unctional.35,36 These inappropriately elevated AVP levels
ontribute to the development and maintenance of the hy-
onatremic and volume overloaded state due to ongoing
timulation of V2 receptors mediating water retention. In
atients with worsening chronic HF, the concomitant pres-
nce of fluid overload and hyponatremia represents a par-
icular challenge. Current treatments consist of additional
oop diuretics to remove excess fluid and free-water restric-
ion to correct the sodium imbalance. This approach is often
nadequate and limited; additionally, diuretic therapy pro-
uces further stimulation of AVP secretion and may result
n maintenance or worsening of hyponatremia.74 Loop di-
retics produce reduction in plasma osmolality due to the
xcretion of isosmolar urine. The resulting elevated vaso-
ressin levels will provide a continuing stimulus to renal
ater retention, maintaining or even worsening the state of
yponatremia, even with a restriction of water intake.

Renal hemodynamics: The effects of AVP on renal
hysiology and hemodynamics highlight the striking differ-
nces between V2 receptor blockers and loop diuretics (Ta-
le 4). Recently, Burnett and associates75 demonstrated that,
nlike furosemide, tolvaptan produces an increase in renal
lood flow and glomerular filtration rate, as well as de-
reases in renal vascular resistances. Hence, the aquaretic
ffect of the compound appears to result from a more
hysiologic mechanism than the saluretic effect of loop
iuretics, which act by “poisoning” the nephron. This has
umerous implications, including reduced neurohormonal

timulation.
uture Directions

he potential benefit of vasopressin V2 receptor blockade
n clinical outcomes is currently being tested in a large,
nternational, placebo-controlled study. The Efficacy of Va-
opressin Antagonism in Heart Failure: Outcome Study
ith Tolvaptan (EVEREST) was designed to evaluate the

ong-term efficacy and safety of oral tolvaptan (30 mg/day)
ersus placebo in subjects hospitalized with decompensated
F.76 The study is an event-driven trial in which therapy is

nitiated in an acute setting and continued chronically until
prespecified number of events is met. End points in this

tudy are time to all-cause mortality and time to cardiovas-
ular death or hospitalization for HF.76

onclusions

n patients hospitalized for worsening chronic HF, non–
otassium-sparing diuretics remain the only available phar-
acologic tool to treat fluid overload. However, they have

ubstantial limitations. Patients hospitalized for HF often
ave hyponatremia, elevated serum urea nitrogen, and low
ystolic blood pressure, which are the major predictors of
oor prognosis. These abnormalities can be further wors-
ned by non–potassium-sparing diuretic use. In this setting,
VP antagonists are a promising therapeutic option for
atients with HF, even if they rest on a strong theoretical
asis. Ongoing clinical trials are expected to determine
onclusively the role of this class of agents in chronic and
cutely decompensated HF.
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