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Approximately 20% of heart failure patients have low levels of serum sodium, often at a time when they are hospitalized
during a period of decompensation. The presence of hyponatremia adversely affects outcomes in heart failure and is
associated with impaired cognitive and neuromuscular function. Current strategies for treating hyponatremia in heart failure
patients have limited efficacy. Although the development of hyponatremia in heart failure patients is polyfactorial, the
nonosmotic release of arginine vasopressin (AVP) from the posterior pituitary plays a dominant role in this process through
its effects on regulating the absorption of free water in the distal portion of the nephron. Drugs which block the effects of
AVP on the V2 receptor have been shown to increase serum sodium by promoting the excretion of free water from the
kidney. In this review, the theoretical basis supporting the use of AVP blockers is discussed and results from clinical trials in
which they were administered to euvolemic and hypervolemic patients are reviewed. Administration of AVP blockers to heart
failure patients increases free water excretion, promotes weight loss, and increases serum sodium levels without significant
major adverse effects. Clinical trial results demonstrate safety during long-term administration. These findings indicate that
the use of AVP receptor antagonists should be considered in heart failure patients who have evidence of significant
hyponatremia. Journal of Hospital Medicine 2010;5:5S33-S39. © 2010 Society of Hospital Medicine.
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Heart failure is a common and growing problem in both
industrialized and developing nations. In the U.S. alone
there are estimated to be well over 5 million heart failure
patients and that number is expected to double over the
next few decades. There are several reasons for this pan-
demic, most notably the aging of the world’s population, a
rising incidence of heart failure risk factors including hyper-
tension, diabetes and obesity, and improved survival post-
myocardial infarction (MI).! Greater longevity of patients
with existing heart failure as a result of treatment with drugs
and devices that lower mortality and, in developing nations,
a reduction in premature mortality from infectious diseases
have also contributed to the increase in heart failure preva-
lence. Although there have been important advances in
treating heart failure that have improved outcomes over the
past several decades, morbidity and mortality remain unac-
ceptably high and quality of life is substantially reduced.
Thus, there is considerable need for finding new approaches
for managing patients with this condition.

The Role of Neurohormonal Blockade in the Treatment of
Heart Failure Patients

The pathophysiology of heart failure is complex. In patients
who develop systolic dysfunction, the pathway initially
involves injury to the heart and/or increases in wall stress
which activates a variety of compensatory responses in an
effort to reestablish homeostasis within the cardiovascular
(CV) system. Many of these responses are mediated by neu-
rohormonal systems that are stimulated both systemically

and locally within the heart itself.>®> While this widespread
neurohormonal activation has some short-term benefits in
maintaining cardiac performance, there is clear evidence
that it has adverse effects when maintained over time. The
deleterious effects of neurohormonal activation in heart fail-
ure include excess salt and water retention, constriction of
arterial resistance and venous capacitance vessels, increased
load on the heart, electrolyte abnormalities and maladaptive
cardiac remodeling. The critical role of neurohormonal acti-
vation in the pathogenesis and progression of heart failure
has been confirmed by the results of large scale clinical tri-
als which show that neurohormonal blocking agents such as
angiotensin converting enzyme inhibitors (ACEIs), angioten-
sin receptor blockers (ARBs), beta blockers (BBs), and aldo-
sterone blockers greatly reduce morbidity and mortality and
result in a variety of other favorable effects in heart failure
patients.*® Based on their profound effects on outcomes,
strategies that target neurohormonal activation have
emerged over the past 2 decades as the cornerstone of med-
ical management of heart failure.

Establishing Risk in Heart Failure

Although there have been impressive gains in reducing mor-
bidity and mortality in heart failure patients over the past 3
decades, the overall clinical course remains unfavorable in a
substantial portion of this population. A wide variety of risk
factors which identify patients who are more likely to do
poorly in the future have been identified. These include
demographic variables (eg, age), functional and structural
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FIGURE 1. Distribution of admission serum sodium in
patients hospitalized with a primary discharge diagnosis of
heart failure.

abnormalities, hemodynamic measurements, symptomatic status,
exercise capacity, quality of life, presence of comorbidities
and a myriad of blood tests and biomarkers. Amongst the
plethora of risk factors for poor outcome, decompensation
of heart failure which results in hospitalization has been
recognized as 1 of the most important prognostic indicators.
The Organized Program to Initiate Lifesaving Treatment in
Hospitalized Patients With Heart Failure (OPTIMIZE-HF)
Registry which included a large fairly representative popula-
tion of heart failure patients from throughout the U.S. fol-
lowed a subset of patients for 60 days to 90 days immedi-
ately post-discharge from a hospitalization that was
associated with decompensated heart failure.'® Over this rel-
atively short time period hospital readmission rate was over
30% and mortality over 9%. Thus, within 2 months to 3
months of discharge following an episode of decompensa-
tion ~40% of heart failure patients had either died or were
back in the hospital. Among the many risk factors that have
been used to predict morbidity and mortality outcomes ei-
ther during or following hospitalization, the ones that
appear to be the most powerful in detecting patients who
are likely to do poorly are impaired renal function,'*'? low
systolic blood pressure,'® persistence of congestion at the
time of hospital discharge,14 elevation of various biomarkers
such as B-type natriuretic peptide (BNP)'®> and the presence
of hyponatremia.'®

Hyponatremia in Heart Failure

Incidence of Hyponatremia in Heart Failure Patients
Determining the exact incidence of hyponatremia in heart
failure patients has been challenging due to differences in
the populations that have been studied and in the criteria
used to define hyponatremia. The Acute and Chronic Thera-
peutic Impact of a Vasopressin Antagonist in Congestive
Heart Failure (ACTIV in CHF) study reported that 21.3% of
the cohort of hospitalized patients had a serum sodium
below 136 mmol/L.'” Higher incidences were reported in
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the Prospective Trial of Intravenous Milrinone for Exacerba-
tions of Chronic Heart Failure (OPTIME-CHF) which found
that 27% of patients had serum sodium concentrations
between 132 mmol/L to 135 mmol/L.'® The Evaluation
Study of CHF and Pulmonary Artery Catheter Effectiveness
(ESCAPE) trial reported that 18% of patients had hyponatre-
mia defined as serum sodium concentration below 134
mmol/L.'® Data from OPTIMIZE-HE a registry that captured
data from a large cohort of representative patients who were
hospitalized with decompensated heart failure indicate that
such patients have a wide distribution of admission sodium
values (Figure 1).'® Overall, 19.7% of the OPTIIMIZE-HF
patients had values below 135 mmol/L.

Risk Associated With Hyponatremia

There is considerable evidence that hyponatremia is associ-
ated with increased risk for poor outcomes in heart failure
patients. One of the first reports that related hyponatremia
to a poor prognosis came from Lee and Packer who ana-
lyzed 30 clinical, hemodynamic, and biochemical variables
in outpatients with severe heart failure.?® Their results
showed that serum sodium was the most powerful predictor
of CV mortality. Similar findings have been reported by
other investigators.?! In patients hospitalized for decompen-
sated heart failure, the presence of hyponatremia has been
shown to be an independent predictor of longer duration of
stay.?* Results from the OPTIMIZE-HF Registry confirmed
the adverse impact of hyponatremia on length of stay dur-
ing a heart failure hospitalization and also suggested that
low serum sodium was associated with significantly higher
in-hospital and post-discharge mortality rates.'® In this large
cohort of hospitalized patients with decompensated heart
failure, each 3 mmol/L decrease in serum sodium below 140
mmol/L increased the risk of in-hospital and follow-up mor-
tality by 19.5% and 10%, respectively. This association is
depicted in Figure 2. A similar adverse impact of hyponatre-
mia on post-discharge outcomes was seen in the results of
the ACTIV in CHF study.'” Overall, 69 patients out of a total
of 319 who were included in the study (21.6%) had a serum
sodium that was <136 mmol/L. Mortality over a 60 day pe-
riod of follow-up was 14.5% in the hyponatremic patients
compared to 4% in the 250 patients whose serum sodium
was >136 mmol/L.

Although these data present a powerful argument that
hyponatremia is a potent risk factor for poor outcomes in
heart failure patients both during and following hospitaliza-
tion, they do not determine whether or not the relationship
is causal. It is possible that the poor outcomes that have
been observed in hyponatremic patients are related to an
association between low serum sodium levels and the more
profound alterations in hemodynamics, neurohormonal
activation and renal function that are seen in patients with
advanced heart failure. Alternatively, increased edema in
vital organs including the heart in hyponatremic patients
could further impair already tenuous function and
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FIGURE 2. Relationship between admission serum sodium
level and in-hospital mortality. Restrictive cubic spline
transformation plot with 95% confidence intervals is shown.

contribute to a downward spiral in the clinical course. The
impact of hyponatremia in limiting the use of loop diuretics
and spironolactone may also be associated with a less favor-
able long-term outcome. The presence of hyponatremia
may also contribute to a poor outcome as a result of effects
on cognitive and neuromuscular function.?*** Impaired
cognition could adversely affect compliance with the medi-
cal regimen while neuromuscular problems related to hypo-
natremia could contribute to an increased incidence of falls
and other traumatic injuries that older patients with chronic
diseases are already at high risk of experiencing.

Pathophysiology of Hyponatremia

The pathophysiology of hyponatremia in heart failure
patients involves several different processes.”> Overall, heart
failure is characterized by retention of excessive amounts of
salt and water in the body. Sodium retention is related to
decreased renal perfusion that is caused by the effects of
reduced cardiac output, decreased renal perfusion pressure
and increased afferent glomerular arteriolar resistance. A
reduction in glomerular filtration and increased reabsorp-
tion of sodium and water in the proximal renal tubules
leads to a reduction in the delivery of water and solute to
the diluting segment of the nephron. In patients with heart
failure the renin-angiotensin system (RAS) is activated, an
event that is further stimulated by the administration of
loop diuretics.?® Angiotensin II (Ang II), a key effector mole-
cule of the RAS, increases tone in renal efferent arterioles.
This tends to enhance both sodium and water reabsorption
both through an increase in the glomerular filtration frac-
tion and by direct effects on the distal tubule.?” Ang II also
stimulates the thirst center of the brain both directly and
through stimulation of antidiuretic hormone to promote the
ingestion of excessive amounts of hypotonic fluids.>®> Water
reabsorption in the distal portion of the nephron is gov-
erned by arginine vasopressin (AVP). High levels of AVP are

seen in patients with heart failure?®?*® and there is a signifi-

cant association between serum levels of this peptide and
the symptomatic state of the patient. There is evidence that
in heart failure patients AVP levels are elevated dispropor-
tionally to plasma osmolality and serum sodium concentra-
tions.*®** Even when serum osmolality is increased in this
setting by infusion of sodium, AVP levels fail to demonstrate
an appropriate reduction suggesting that mechanisms other
than activation of osmoreceptors are involved. The effects of
AVP in the pathogenesis of hyponatremia are significant.
This peptide binds to the vasopressin-2 (V2) receptor in the
collecting duct of the kidney stimulating an increase in the
second messenger cyclic AMP3® Downstream signaling initi-
ated by cyclic AMP leads to an increase in the number and
activation of aquaporin-2 water channels on the luminal
surface of epithelial cells in the collecting tubule.*' The
presence of these activated pores is necessary for water per-
meability in the collecting duct and leads to an increase in
the reabsorption of free water. Finally, the use of diuretics in
the treatment of heart failure has been implicated in the de-
velopment and worsening of the hyponatremic state.*?

Treatment of Hyponatremia

Treatment options for dealing with hyponatremia in heart
failure patients have been limited until recently. Since low
cardiac output and/or diminished renal perfusion are
involved, interventions which improve cardiac and renal
function can reverse hyponatremia. While this can be
accomplished by the use of inotropic agents, the use of
drugs such as dobutamine, milrinone, and other inotropes
in either stable or decompensated heart failure patients
with adequate tissue perfusion is not routinely recom-
mended due to a well-documented increase in adverse
effects, particularly in patients with coronary artery dis-
ease.”® The use of hypertonic saline is also not recom-
mended since it may worsen the extent of volume overload
in decompensated patients. Fluid restriction can be used to
treat hyponatremia, particularly in hospitalized patients
where stricter control on input is possible. Hyponatremic
patients, however, often experience excessive thirst and
restriction to less than 1000 cc to 1500 cc is rarely, if ever,
successful for more than a brief period of time. The use of
angiotensin converting enzyme (ACE) inhibitors has been
associated with an improvement in serum sodium levels.
Packer et al. treated a cohort of heart failure patients who
were receiving a stable dose of diuretic with an ACE inhibi-
tor captopril and found that over a 2-week period the serum
sodium increased from 131.2 + 0.5 to 135.9 * 0.5 mmol/L;
P < 0.001).3* These investigators concluded that the RAS
was involved in the pathogenesis of hyponatremia and that
ACEIs increased sodium levels in hyponatremic patients,
though the mechanism through which this occurs has not
been delineated.

The Use of Vaptans in Treating Hyponatremia
AVP actions are mediated by an interaction of the peptide
with a series of receptors located on cells throughout the
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body. Vaptans are nonpeptidergic agents which block the
interaction of AVP with these receptors; they are classified
according to which receptor subtype they affect. As men-
tioned earlier, activation of the V2 receptor on renal tubular
cells increases collecting duct permeability to water and
leads to reabsorption of free water.>> The V1A receptor is
located on vascular smooth muscle cells where it mediates
an increase in vasomotor tone. V1A receptors are also found
on platelets and in the myometrium where they mediate
aggregation and uterine contraction, respectively. Some of
the AVP antagonists (eg, conivaptan) block both the VIA
and V2 receptors while others (eg, tolvaptan and lixivaptan)
are selective for the V2 receptor.

Tolvaptan, a V2 selective agent, has been studied exten-
sively in heart failure as well as in patients with hyponatre-
mia due to a variety of causes. One of the initial studies was
performed in a group of 254 heart failure patients who were
randomized to receive tolvaptan in doses ranging from 30
mg to 60 mg daily or placebo.®® Tolvaptan at all doses stud-
ied was associated with significant reductions in body
weight and improvement in the signs and symptoms of
heart failure. All doses were also associated with an increase
in serum sodium levels in this study. Patients who were
hyponatremic made up 28% of the study population and
these patients experienced the greatest increase in serum
sodium. Of note was the fact that as early as day 1 in the
study 80% of tolvaptan (as opposed to 40% of placebo)
patients had normalization of their serum sodium levels.
These effects occurred without significant changes in blood
pressure or renal function and the major side effects that
were seen were polyuria, dry mouth, and thirst. This study
was followed by the ACTIV in CHF trial which included a
slightly larger population of 319 patients (of whom 21.3%
were hyponatremic at baseline) who were hospitalized due
to decompensated heart failure.'” Mean body weight
decreased significantly more in patients treated with tolvap-
tan compared to those who received placebo. Tolvaptan-
treated patients also experienced increases in serum sodium
that were greatest in the patients who were hyponatremic at
baseline. These changes persisted throughout the duration
of the study. On post hoc analysis, event-free survival
tended to be longer for the combined group of patients
treated with tolvaptan compared to placebo but there were
no differences in the rate of rehospitalization or unsched-
uled visits for heart failure. As in the initial study, tolvaptan
was well tolerated, with dry mouth being the main side
effect. There were no significant hemodynamic or renal
effects.

The efficacy of vasopressin antagonism in heart failure
outcome study with tolvaptan (EVEREST) study randomized
4133 patients hospitalized for decompensated heart failure
to receive either tolvaptan 30 mg daily or placebo in addi-
tion to their standard therapy. The short-term goal of the
study was to assess the effects of therapy on a composite
end-point of patient assessed global clinical features and
weight loss on day 7 (or at the time of hospital discharge)
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after starting treatment.®” The results of EVEREST demon-
strated that patients treated with tolvaptan had greater
improvement in the composite primary end-point. This
effect was driven by a greater reduction in body weight with
active drug. Although, changes in global clinical status did
not differ between the study groups, tolvaptan-treated
patients reported significantly greater improvement in dysp-
nea at day 1. In 1 (but not the other of the 2 component tri-
als of EVEREST) there was also an improvement in edema.
At day 1 and at discharge, the tolvaptan group with hypona-
tremia (defined as a serum sodium below 134 mEq/L) dem-
onstrated significantly greater increases in serum sodium
than in the hyponatremic placebo treated patients. Tolvap-
tan was well tolerated and serious adverse event frequencies
were similar between groups, without excess renal failure or
hypotension.

Patients who were enrolled in EVEREST were then fol-
lowed for an average of 9.9 months on tolvaptan or placebo
in order to assess the effects of treatment on the dual pri-
mary endpoints of all-cause mortality (both superiority and
noninferiority) and CV death or heart failure hospitaliza-
tion.*® The results demonstrated no significant differences
in either primary or secondary morbidity and mortality out-
comes between tolvaptan and placebo treated patients. In
the EVEREST patients with baseline serum sodium levels
less than 134 mEq/L, there was a significant increase of 5.49
mEq/L * 5.77 mEq/L (mean * SD) at day 7 or discharge, if
earlier, with tolvaptan, compared with 1.85 mEq/L * 5.10
mEq/L in the placebo group. This effect was observed as
early as day 1 and was maintained throughout the 40 weeks
of treatment. Side effects were minimal. Overall, tolvaptan
increased thirst and dry mouth, but the frequencies of
major adverse events were similar in the 2 groups.

Two parallel multicenter, randomized, double-blind, pla-
cebo-controlled trials, termed collectively the Study of
Ascending Levels of Tolvaptan in Hyponatremia 1 and 2
(SALT-1 and SALT-2), examined the effect of tolvaptan on
hypervolemic and euvolemic hyponatremia of diverse
causes.®® The 448 patients included in the 2 studies were
randomly assigned to either placebo or tolvaptan starting at
a dose of 15 mg daily (increasing to 30 mg and then 60 mg
if needed, depending on serum sodium concentrations) and
followed over a 30 day period. The population included 138
patients (31%) with chronic heart failure as the cause of hy-
ponatremia with the remainder of the population divided
between patients with cirrhosis or syndrome of inappropri-
ate antidiuretic hormone hypersecretion (SIADH) and other
causes of hyponatremia. The 2 primary end points for all
patients were the change in the average daily area under the
curve for the serum sodium concentration from baseline to
day 4 and the change from baseline to day 30. As shown in
Figure 3, serum sodium concentrations increased signifi-
cantly more in the tolvaptan group than in the placebo
group during the first 4 days and after the full 30 days of
therapy. A planned analysis of the SALT trials demonstrated
that correction of hyponatremia with tolvaptan was
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FIGURE 3. Mean serum sodium concentrations according to
the day of patient visit in the SALT-1 and SALT-2 trials. Schrier
RW, Gheorghiade M, Berl T, et al. Tolvaptan, a selective oral
vasopressin V2-receptor antagonist, for hyponatremia. N Engl J
Med. 2006;355:2099-2112. Copyright 2006 Massachusetts
Medical Society. All rights reserved. Asterisks indicate P < 0.001
for the comparison between tolvaptan and placebo treated
patients. Daggers indicate P < 0.01 for the comparison between
tolvaptan and placebo. Tolvaptan was discontinued on day 30.
Circles denote patients receiving tolvaptan, and squares denote
patients receiving placebo. Horizontal lines indicate the lower
limit of the normal range for the serum sodium concentration.
Vertical lines indicate the end of the treatment period. HN
denotes hyponatremia. Abbreviation: SALT-1/SALT-2, Study of
Ascending Levels of Tolvaptan in Hyponatremia 1 and 2.

associated with significant improvement in self-reported
mental status, particularly in patients with marked hypona-
tremia or SIADH. Improvements in mental health scores
were positively correlated with changes in serum [Na+] in
both the tolvaptan and placebo groups and reversed after
cessation of therapy, suggeting that hyponatremia-associ-
ated impairments in mental function can be significantly
improved by raising the serum [Na+]. The major side effects
with tolvaptan included increased thirst, dry mouth, and
increased urination. Tolvaptan has been approved by the US
Food and Drug Administration (FDA) for the treatment of
euvolemic and hypervolemic hyponatremia.

Lixivaptan is another selective V2 receptor antagonist
that has been studied in heart failure patients.*” In a

randomized, double-blind, placebo-controlled, ascending
single-dose study 42 diuretic-requiring patients with mild-
to-moderate heart failure patients received either placebo or
doses of lixivaptan ranging from 10 mg to 400 mg. Except
for patients who received the 10-mg dose, lixivaptan pro-
duced a significant and dose-related increase in urine vol-
ume over a 4-hour period compared with placebo. Over 24
hours increases in urine volume were greater with lixivaptan
than with placebo and these increases were accompanied
by significant increases in solute-free water excretion. At
higher doses of lixivaptan, serum sodium levels increased
significantly. The drug was tolerated in these patients and
side effects tended to be mild. The Treatment of Hyponatre-
mia Based on Lixivaptan in NYHA Class III/IV Cardiac
Patient Evaluation (BALANCE Study) is an on-going trial
that is designed to evaluate whether lixivaptan is an effec-
tive and safe agent for increasing serum sodium in heart
failure patients who are volume overloaded and have hypo-
natremia. The secondary end-points of the BALANCE study
include all-cause mortality, CV effects, HF hospitalization
and acute change in body weight.

The combined V1A and V2 receptor antagonist conivap-
tan has been approved by the FDA for the treatment of
euvolemic and hypervolemic hyponatremia. The acute he-
modynamic effects were studied in 142 NYHA class III and
IV heart failure patients. Administration of 20 mg or 40 mg
of conivaptan significantly reduced pulmonary artery wedge
and right atrial pressures during the 3-hour to 6-hour inter-
val after intravenous administration and significantly
increased urine output in a dose-dependent manner during
the first 4 hours after the dose.*' In another study 170
patients hospitalized for worsening heart failure were ran-
domly assigned to treatment with conivaptan (20-mg load-
ing dose followed by 2 successive 24-hour continuous infu-
sions of 40, 80, or 120 mg/day) or placebo in addition to
their standard therapy.** At 24 hours each dose of conivap-
tan had increased urine output significantly more than pla-
cebo with the difference averaging 1.0 to 1.5 L. The mean
increase in serum sodium at 24, 48, and 72 hours was signif-
icantly higher in each of the conivaptan groups compared
with the placebo group. At 48 hours, conivaptan increased
serum sodium by 2.25 mmol/L to 3.27 mmol/L more than
placebo. Conivaptan was well tolerated in these hospitalized
heart failure patients. Infusion-site reactions for this drug
which is given intravenously were the most common
adverse event and administration of the drug was not asso-
ciated with clinically important changes in vital signs, elec-
trolyte disturbances, or cardiac rhythm.

The effects of conivaptan on serum sodium levels were
evaluated in 84 hospitalized patients with euvolemic or
hypervolemic hyponatremia defined as a serum sodium
between 115 mEq/ to 129 mEq/L.*® These patients received
either intravenous placebo or conivaptan administered as a
30-minute, 20-mg loading dose followed by a 96-hour infu-
sion of either 40 mg/day or 80 mg/day. The results which
are depicted in Figure 4 show that both conivaptan doses
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were associated with highly significant increases under the
sodium-time curve during the 4-day treatment. From base-
line to the end of treatment, serum sodium increased by 0.8
+ 0.8 mEq/L with placebo as compared to 6.3 = 0.7 mEq/L
and 9.4 = 0.8 mEq/L with the 40 mg and 80 mg doses of
conivaptan. Conivaptan was generally well tolerated,
although infusion-site reactions led to the withdrawal of 1
(3%) and 4 (15%) of patients given conivaptan 40 mg/day
and 80 mg/day, respectively.

The overall safety profile of the vaptans has been good.
Most of the adverse effects including thirst, dry mouth and
others have been minor and these agents, in general, have
only minimal effects on blood pressure and renal function.
In addition, the long-term safety and tolerability of tolvap-
tan was demonstrated in the EVEREST trial. One theoretical
concern about the use of vaptans to treat hyponatremia is
that rapid correction of hyponatremia at a rate of >12 mEq/
L over 24 hours can cause osmotic demyelination of brain
structures with severe neurologic consequences. It has been
advised that in susceptible patients (including those with
severe malnutrition, alcoholism, or advanced liver disease)
that sodium levels be corrected at a lower rate. It is also rec-
ommended that the drugs be initiated in hospital and that
serum sodium is monitored during treatment.

Conclusions

Hyponatremia is common in heart failure patients, particu-
larly during periods of decompensation. The presence of hy-
ponatremia has been associated with a substantial increase
in risk for longer hospitalization stay and mortality both in
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the hospital and following discharge. Hyponatremia has also
been associated with alterations in cognitive and neuromus-
cular function which could further impair heart failure
patients, particularly those who are elderly. The use of AVP
receptor antagonists to treat hyponatremia is based on evi-
dence that this peptide which regulates the flow of free
water in the distal portion of the nephron is inappropriately
elevated in heart failure patients. Administration of AVP re-
ceptor antagonists has been shown to increase and improve
free water excretion and increase serum sodium levels in
both euvolemic and volume overloaded hyponatremic
patients. In addition to their favorable effects on serum so-
dium levels, the AVP receptor blockers have been shown to
improve hemodynamics acutely and to increase weight loss
in heart failure patients. There is some evidence that they
also improve symptoms in hospitalized patients and that
correction of hyponatremia is associated with improved
cognitive and neuromuscular function. Currently available
evidence, however, does not support a beneficial effect on
long-term outcomes such as mortality or CV hospitaliza-
tions. Additional on-going clinical trials will provide further
insights into this critical question. The overall side effect
profile of the vaptans is favorable and published studies
document the long-term safety of administration of tolvap-
tan in heart failure patients. Thus, these agents represent an
important new approach for treating hyponatremia in heart
failure patients. They deserve consideration for use when
hyponatremia is present during an episode of decompen-
sated heart failure.
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