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Hyponatremia is common and is increasingly recognized as an independent prognostic marker that adversely

affects morbidity and mortality in various disease states, including heart failure. In acute decompensated

heart failure (ADHF), the degree of hyponatremia often parallels the severity of cardiac dysfunction and is

further exacerbated by any reduction in glomerular filtration rate and arginine vasopressin dysregulation.

A recent study showed that evenmodest improvement of hyponatremia may have survival benefits. Although

management of hyponatremia in ADHF has traditionally focused on improving cardiac function and fluid

restriction, the magnitude of improvement of serum sodium is fairly slow and unpredictable. In this article, we

discuss the mechanisms of hyponatremia in ADHF, review its evolving prognostic significance, and evaluate

the efficacy of various treatments for hyponatremia, including the recently approved vasopressin receptor

antagonists for managing hyponatremia among patients hospitalized for ADHF.

Introduction

Hyponatremia is generally defined as serum sodium (Na)
concentration of <135 mEq/L (1 mEq/L Na = 1 mmol/L
Na). Its prevalence in the acute hospital setting ranges
from 4% to 45%.1 Nineteen percent to 25% of patients
with acute decompensated heart failure (ADHF) have
hyponatremia,2 –4 which is independently associated with
increasing short-term and long-term morbidity and mortal-
ity. Even mild hyponatremia among patients with ADHF,
regardless of ventricular function, is associated with
increased in-hospital and postdischarge mortality, pro-
longed hospital length of stay, and frequent rehospitaliza-
tion. This review will focus on the mechanisms, prognostic
significance, and treatment considerations of hyponatremia
in ADHF.

Arginine Vasopressin in Sodium and Water Homeostasis

Sodium (Na+) is the major extracellular cation that
primarily determines serum osmolality. Under physiologic
states, serum osmolality is regulated primarily by arginine
vasopressin (AVP), renal responsiveness to AVP, and thirst.5

A 1% to 2% perturbation in serum osmolarity results
in accompanying serum AVP changes via a reflex arc
designed to maintain fluid and electrolyte homeostasis.6

The baroreceptor-mediated, nonosmotic release of AVP
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is the predominant mechanism of hyponatremia in adult
hospitalized patients and is more potent than the osmotic
path of AVP regulation.7 – 9 Thus, a hypo-osmotic effect to
suppress AVP synthesis and release may be overridden by
nonosmotic AVP stimulation.

Mechanisms of Hyponatremia in Heart Failure

Ventricular Dysfunction and Neurohormonal Activation

The pathophysiology of the heart failure (HF) syndrome
involves the complex interplay between renin-angiotensin-
aldosteronesystem (RAAS) activation, sympathetic nervous
system stimulation, and nonosmotic AVP release. Though
initially triggered to preserve hemodynamic integrity
following cardiac injury, these neurohormonal actions, if
uncorrected, lead to progressive cardiac dysfunction and
retention of salt (sodium chloride; NaCl) and water.

Hyponatremia in HF often parallels the severity of cardiac
dysfunction and is further exaggerated by any reduction
in glomerular filtration rate and AVP dysregulation.10

Asymptomatic left ventricular dysfunction is associated
with preserved Na balance attributed to activation of the
cardiac natriuretic peptides. As ventricular dysfunction
progressesand clinicallyevident HF develops,up-regulation
of the maladaptive neurohormonal systems collectively
limits distal solute and free water delivery, ensures maximal
free water reabsorption, and causes progressive cardiac
dysfunction. If uncorrected, this vicious cycle predisposes
to hyponatremia.11 RAAS stimulation, primarily through
the effect of angiotensin II, increases the resistance of the
afferent arterioles, decreases the glomerular filtration rate
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through reduction of renal perfusion, and increases Na and
water reabsorption in the proximal tubule. Sympathetic
nervous system activation leads to increased peripheral
resistance and heart rate that increase afterload, reduce
cardiacoutput,decreaserenal and tissue perfusion,enhance
proximal tubular Na reabsorption, and decrease water and
Na delivery to the distal diluting segments.12 Circulating
levels of AVP are 2× to 3× greater among hyponatremic
HF patients compared with normal subjects. The trigger
for nonosmotic release of AVP in ADHF remains unclear,
but arterial underfilling from reduced cardiac output is the
leading hypothesis.13 Both low cardiac output and high
angiotensin II levels are also potent thirst stimuli; patients
with severe HF may develop hyponatremia with only 1–2 L
of water intake per day.11

Diuretic-InducedHyponatremia

HF patients are at increased risk for diuretic-induced
hyponatremia because diuretics activate water-retention
pathways similar to those operative in HF. Thiazides are
more potent inducers of hyponatremia compared with loop
diuretics, because by blocking NaCl cotransport at the
distal convoluted duct they increase distal Na delivery
and preserve the medullary interstitial gradient, which
then effectively prevents the excretion of maximally dilute
urine and promotes reabsorption of solute-free water if
AVP is acting at the collecting duct.14 In the largest
retrospective review on this subject, thiazide and thiazide-
type diuretics alone or in combination with potassium-
sparing agents were responsible for hyponatremia in 94% of
129 cases. Of note, 97% of the doses were within the limits
of pharmacologic recommendations.15 Other proposed
mechanisms for diuretic-induced hyponatremia that both
classes of diuretics share are: (1) urinary potassium
loss, causing the extracellular Na to shift intracellularly;
(2) nonosmotic activation of AVP; and (3) excess thirst,
causing increased water intake.

Hypotension From HF Therapeutics vs Progressive Ventricular
Dysfunction

Patients with advanced HF who are hyponatremic often
have lower systemic blood pressures that limit the
adherence to current HF treatment guidelines, because
evidence-based drug therapies for HF that show survival
benefits also lower systemic blood pressure. Hypotension
is a potent stimulus for the neurohormonal changes seen
in HF that cause hyponatremia and cardiac dysfunction.16

Whether hypotension related to progression of cardiac
dysfunction and hypotension caused by medical therapy
have different consequences is unknown.

Clinical Presentation

The manifestations of hyponatremia are largely related to
central nervous system dysfunction secondary to cerebral

edema.17 Depending on the rapidity and extent of decline
of the serum Na concentration, symptoms may range from
nonspecific headache, nausea, vomiting, and disorientation
to life-threatening seizures, coma, respiratory depression,
and death.

The brain’s compensatory response to hyponatremia-
induced brain swelling is to lose NaCl from the interstitial
fluid and potassiumand organic osmolytes from the intracel-
lular space. When hyponatremia develops within 48 hours
(acute hyponatremia), or when serum Na concentration
falls faster than 0.5 mEq/L/hr, irreversible neurologic dam-
age or death may occur if the condition is not emergently
addressed.18 In contrast, chronic hyponatremia (>48 h)
presents more subtly. But even apparently asymptomatic,
mild chronic hyponatremia causes gait disturbances and
altered cognition that predispose to increased risk of falls
and fractures.19

Hyponatremic ADHF patients tend to have lower systolic
blood pressure and worse renal function, and require
intravenous inotropes during hospitalization.3 Although
the effect of hyponatremia on symptoms specifically for
HF patients is uncertain, the Study of Ascending Levels
of Tolvaptan in Hyponatremia (SALT) trials have shown
significant improved mental component scores of the Short
Form-12 Health Survey if hyponatremia improves.20

Hyponatremia in ADHF: Prognostic Significance

Regardless of the healthcare setting (ie, in-hospital or
ambulatory), ventricular function (depressed or preserved),
or the timing of blood draw (on admission, predischarge,
or at follow-up), hyponatremia in HF is associated with
adverse short-term and long-term morbidity and mortality
(Table 1).2 – 4,21 – 26 The one exception to this finding is when
hyponatremia occurs in the setting of hyperglycemia. Then,
serum Na has no prognostic significance.27

The first study to establish the prognostic significance
of hyponatremia in HF involved 203 New York Heart
Associationclass IV systolic HF patients. In total, 30 clinical,
hemodynamic, and biochemical variables were evaluated
before and after treatment with vasodilators. Pretreatment
hyponatremia was found to be the most powerful predictor
of cardiovascular mortality, and this prognostic relationship
was modified by use of angiotensin-converting enzyme
inhibitors.21 But despite contemporary, optimal, evidence-
based medical therapy, hyponatremia (when detected) still
predicts increased mortality.

The strongest evidence associating hyponatremia in
ADHF to long-term mortality to date is a cohort study that
evaluated the relation of serum Na level to 7-year overall
mortality after first hospitalization for HF with preserved
ejection fraction.26 Mortality seems to be highest among
patents with persistent hyponatremia, lower in those with
improved hyponatremia, and lowest in those who maintain
normonatremia.
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Table 1. Prognostic Studies Evaluating Hyponatremia in ADHF

Setting NYHA Class Study Findings

Diuretic and digoxin era

Before and after treatment with ACE

inhibitors21
IV Prospective cohort

(n= 203)

Pretreatment Na <138 meq/L was the strongest predictor of

cardiovascularmortality.

ACE/ARB, BB, and diuretic era

Newly diagnosed ADHF patients

regardless of systolic function

(Canada)22

NR Retrospective

(n= 4031)

Admission Na <136 meq/L predicts 30-d and 1-y mortality

Patients with systolic HF who died23 III-IVbefore

death

Retrospective

(n= 160)

Hyponatremia (mean Na 128meq/L) was worse in the months

preceding death than at the time of death.

ADHF with systolic dysfunction

(OPTIME-CHF)24
III-IV Retrospective

(n= 949)

Admission Na 132–135meq/L was associatedwith increased

in-hospital and 60-dmortality.

ADHF regardless of onset and

ventricular function

(OPTIMIZE-HF)2

III-IV Retrospective

(n= 47 647)

Admission Na <135 meq/L is independently associated with longer

hospital stays and higher in-hospital and postdischarge 60-d

mortality.

ADHF with systolic dysfunction

(ESCAPE)3
IV Retrospective

(n= 433)

Baseline Na<135 meq/L was associatedwith 6-mo mortality. Persistent

hyponatremia independently predicts mortality, HF hospitalization,

and death or rehospitalization despite clinical and hemodynamic

improvements similar to normonatremic patients. Patients with

corrected Na died more than normonatremic patients but less than

persistently hyponatremic patients. The comparison of the latter

group is not significant but limited by small number of events.

ADHF with systolic dysfunction

(ACTIV in HF)4
III-IV Retrospective

(n= 301)

Baseline Na <135 meq/L was statistically significant predictor of 60-d

mortality. >2 mEq/L increase among hyponatremic patients was

associatedwith improved survival at 60 d.

First hospitalization of patients with

HFPEF (EF >50%)25
II-IV Prospective cohort

(n= 358)

The risk of 7-y overall mortality increased by 6% for each 1-meq/L

decrease in baseline serum Na. Patients with normalized Na at

discharge had excess 7-y overall mortality compared with the

normonatremic group. Patients with persistent hyponatremia (Na

<136 meq/L) had the lowest 7-y survival.

First hospitalization for HF26 II-IV Prospective cohort

(n= 735)

Admission Na <136 meq/L is an independent predictor of 7-y mortality.

Abbreviations: ACE, angiotensin-converting enzyme; ACTIV in CHF, Acute and Chronic Therapeutic Impact of a Vasopressin Antagonist in Congestive Heart

Failure; ADHF, acute decompensated heart failure; ARB, angiotensin II receptor blocker; BB, β-blocker; EF, ejection fraction; ESCAPE, Evaluation Study

of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness; HF, heart failure; HFPEF, heart failure with preserved ejection fraction;

Na, serum sodium concentration; NR, not reported; NYHA, New York Heart Association; OPTIME-CHF, Outcomes of a Prospective Trial of Intravenous

Milrinone for Exacerbations of Chronic Heart Failure; OPTIMIZE-HF,Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart

Failure.

Treatment of Hyponatremia in ADHF

Several factors need to be taken into consideration when
choosing the most appropriate treatment for hyponatremia:
(1) clinical manifestation, (2) volume status, (3) severity of
hyponatremia, (4) rapidity of onset, (5) comorbid illnesses,
and (6) rate of correction. The challenge is balancing
between the risk of permanent and lethal complications if
hyponatremia is treated incorrectly vs the risk of iatrogenic
brain injury from overly rapid correction of hyponatremia
(>12 mEq/L/d or >18 mEq/L/48 h). Acute, symptomatic,
severe hyponatremia is a medical emergency that demands
prompt intervention with hypertonic saline solution (HSS).

In this setting, the risk of persistent marked hyponatremia
far exceeds any risk from correction of serum Na.28

Conversely,overlyrapid correctionof chronichyponatremia
causes pontine and extrapontine myelinolysis, the osmotic
demyelination syndrome (ODS).29

Hyponatremia among patients with ADHF is usually
chronic, rarely overtly symptomatic, or present with serum
Na <120 mEq/L. Administering HSS to this patient sub-
group with congestive symptoms and expanded extracel-
lular fluid volume is, therefore, often unnecessary. In the
rare event that treatment for acute symptomatic hypona-
tremia in HF patients is needed, a small, randomized,
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single-blind study involving 107 refractory HF patients did
show that low-dose HSS plus a high-dose loop diuretic
(vs high-dose loop diuretics alone) was safely tolerated,
improved hyponatremia, overcame diuretic resistance, and
relieved congestive signs and symptoms. Although all
patients clinically improved, those on high-dose diuretics
alone had worsening hyponatremia and renal function.30

This study should be interpreted cautiously, because only
10 patients in each arm were hyponatremic.

The management of hyponatremia in ADHF has tradi-
tionally focused on improving cardiac function while at the
same time restricting fluid intake. Water restriction alone,
however, will increase serum Na by only approximately
1–2 mEq/L/day and is poorly tolerated.28 Correction of
hypokalemia can improve hyponatremia. Use of lithium
and demeclocycline in HF patients is limited by serious
renal and/or cardiovascular side effects.11 Vasopressin
receptor antagonists (VRAs) are new pharmacologic agents
that have been shown to safely and effectively increase
serum Na concentration. We shall focus our discussion on
tolvaptan and conivaptan, the only VRAs that are approved
by the US Food and Drug Administration to treat both
euvolemic and hypervolemic hyponatremia.

Vasopressin Receptor Antagonists

AVP release is almost always either increased or inade-
quately suppressed in persistent hypotonic hyponatremia
(once psychogenic polydipsia and pseudohyponatremia
are excluded).28 To correct euvolemic and hypervolemic
hyponatremia, therefore, AVP synthesis can either be
switched off or the site of its action can be blocked. There
are 2 major subtypes of vasopressin receptors: V1A and V2.
The V1A receptors are found on vascular smooth muscles
and cardiomyocytes, affecting vascular tone and myocar-
dial function. V2 receptors are principally located on the
basolateral membrane of the cortical and medullary col-
lecting duct, the blockade of which leads to aquaresis, the
excretion of electrolyte-free water.

Tolvapatan

Tolvaptan is the first FDA-approved oral selective V2 recep-
tor blocker to treat hyponatremia associated with ADHF,
liver cirrhosis with ascites, and the syndrome of inappro-
priate antidiuretic hormone hypersecretion. It was shown
in randomized, double-blind, placebo-controlled studies to
safely and effectively raise serum Na concentration in the
short term among patients with euvolemic and hyperv-
olemic hyponatremia.21 A prespecified post hoc analysis of
the SALT trials also showed significantly improved mental
component scores on the Short Form-12 Health Survey.

The effects of tolvaptan on ADHF were investigated
much earlier by well-designed clinical trials that showed
that tolvaptan was safely tolerated and superior to placebo
in reducing body weight and edema and normalizing Na.31

A post hoc analysis of the Acute and Chronic Therapeutic
Impact of a Vasopressin Antagonist in Congestive Heart
Failure (ACTIV in CHF) trial, which analyzed the effects
of changes in serum Na with treatment on the 60-day
mortality among ADHF patients, showed that even modest
improvement of hyponatremia may have survival benefits.4

Of the 68 hyponatremic patients, 45 patients whose serum
Na improved by ≥2 mEq/L were more likely to be alive at
60 days compared with placebo. These findings suggested
that treatment of hyponatremia might alter the natural
history of HF and provided the rationale for a larger, more
definitive investigation.

The Efficacy of Vasopressin Antagonism in Heart
Failure Outcome Study With Tolvaptan (EVEREST) trials
consisted of 2 multicenter, randomized, double-blind,
placebo-controlled studies that investigated the effects of
tolvaptan on clinical signs and symptoms of HF and an
outcome study that combined all patients from the clinical
status trials.32 Overall, 4133 patients were randomized to
receive tolvaptan 30 mg/day or placebo, plus standard HF
treatment, for a minimum of 60 days.33 The mean follow-up
time was 9.9 months. There was an equivalent dropout rate
in both arms (20%), attributedto patient request to withdraw
from the study and adverse events (mostly dry mouth and
thirst) that were similar in both groups. Tolvaptan plus
standard HF treatment quickly improved many HF signs
and symptoms without serious adverse events. However,
there was no difference in the primary endpoints of all-
cause mortality, the composite of cardiovascular death and
HF hospitalization, or overall quality of life scores between
the groups. It is noteworthy that only 8% of the ADHF
patients in this study were hyponatremic,possibly reflecting
exclusion of refractory end-stage HF patients. The findings
from EVEREST therefore cannot be generalized to include
this subgroupthat shouldtheoreticallygain the most benefit
from treatment with VRAs.

A prespecified post hoc analysis of the EVEREST trials
suggested that addition of tolvaptan to standard HF treat-
ment modestly improves dyspnea, whether given early or
relatively late after hospitalization.34 Its effects are greatest
within 12 hours of the first dose, and although patients con-
tinue to report dyspnea improvement up to 60 hours after
admission, the magnitude of benefit diminishes with time.
Although dyspnea improved regardless of the severity of
the patient’s baseline dyspnea, the greatest treatment dif-
ferences were seen in patients with continuous dyspnea at
baseline. This study also found a linear correlation between
improvement in patient-assessed dyspnea and reductions in
body weight (Figure 1). Whereas weight gain after hospital-
ization for ADHF strongly predicts HF rehospitalizations, a
reduction in body weight as a result of a specific intervention
may not necessarily prevent readmissions.35

The hemodynamic effects of tolvaptan in ADHF patients
provide a potential mechanistic explanation for the short-
term favorable effects of tolvaptanon dyspnea and sustained
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Figure 1. Relationship of patient-assesseddyspnea to body weight.

body weight reduction. Tolvaptan resulted in modest
changes in filling pressures, a dose-dependent increase
in urine output, and increase in free water clearance with
no short-term changes in potassium or renal function. Its
ability to achieve these changes while maintaining blood
pressure and heart rate (without activating the RAAS)
suggests that significant aquaresis may occur primarily
by removing excess extravascular volume with minimal
reduction in intravascular volume.36

Conivaptan

Conivaptan is the first intravenous nonpeptide VRA that
blocks both V1A and V2 receptors and is FDA-approved
for short-term treatment of euvolemic and hypervolemic
hyponatremia. In a randomized, placebo-controlled trial
involving 84 hospitalized patients, conivaptan 40 mg/day
was superior to placebo in improving euvolemic or
hypervolemic hyponatremia and increased serum Na
by ≥4 mEq/L in 24 hours; a 6- mEq/L increase with
normalization of serum Na was achieved in 69% of patients
after 4 days.37

In the first randomized, placebo-controlled study inves-
tigating the utility of conivaptan exclusively among New
York Heart Association class III or IV HF patients, 142
patients were randomized to receive a single intravenous
dose of conivaptan (10, 20, or 40 mg) or placebo.38 Conivap-
tan in the 20-mg and 40-mg groups led to dose-dependent
decrease in pulmonary capillary wedge and right atrial
pressures, along with a dose-dependent increase in urine
output compared to placebo. Changes in cardiac index, sys-
temic/pulmonary vascular resistance, blood pressure, or
heart rate were similar to placebo.

In another randomized, double-blind, placebo-controlled
trial, 170 patients with ADHF received conivaptan (a 20-mg
loading dose followed by continuous infusion of 40, 80,
or 120 mg/d for 2 d) or placebo, plus standard therapy.39

Conivaptan significantly increased urine output (1–1.5 L/d),

was hemodynamically well tolerated, and had minimal side
effects, but it did not improve respiratory symptoms.

Clinical Application of VRAs

VRAs were proven safe and effective in correctingeuvolemic
and hypervolemic hyponatremia in properly selected
patients who were closely followed up. The rate of change
in serum Na concentration seems to be greatest during
the first 24 hours after drug administration; therefore,
fluid restriction should be avoided during this time. After
all, thirst, dry mouth, and polyuria are among the most
commonly encountered adverse effects of VRAs. Because
they can cause brisk and prolonged diuresis, VRAs are
contraindicated in hypovolemic hyponatremia and should
be initiated or reinitiated only in the hospital setting, where
serum Na can be closely monitored. The risk of overly
rapid correction of chronic hyponatremia causing ODS is a
concern, but no cases of ODS have been reported to date.

There is no evidence to date that supports the use
of VRAs in patients with acutely symptomatic severe
hyponatremia, serum creatinine >3.5 mg/dL, end-stage
renal disease, and refractory end-stage HF. The SALT trials
did show that serum Na may drop within a week after
tolvaptan is discontinued; therefore, optimal treatment of
the underlying cause(s) of hyponatremia is recommended
prior to discontinuing this drug. The serum Na should be
closely followed thereafter.

Conclusion

Hyponatremia in ADHF is a marker of advanced disease
severity and predicts increased morbidity and mortality.
The currently available VRAs safely and effectively
improve hyponatremia, increase urine output, modestly
improve dyspnea, and sustain weight loss while preserving
hemodynamic status, electrolyte homeostasis, and renal
function among patients with ADHF. Although current
evidence shows that addition of VRAs to a standard HF
regimen does not confer additional survival benefits, further
prospective studies are needed to determine whether this
holds true for the hyponatremic HF population. Meanwhile,
careful adherence to evidence-based dosing and close
follow-up is needed when administering VRAs to prevent
the theoretical but potentially catastrophic risk of ODS.
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