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YPONATREMIA is defined as a decrease in
the serum sodium concentration to a level
below 136 mmol per liter. Whereas hyper-

natremia always denotes hypertonicity, hyponatremia
can be associated with low, normal, or high tonici-
ty.

 

1,2

 

 Effective osmolality or tonicity refers to the
contribution to osmolality of solutes, such as sodi-
um and glucose, that cannot move freely across cell
membranes, thereby inducing transcellular shifts in
water.

 

3

 

 Dilutional hyponatremia, by far the most com-
mon form of the disorder, is caused by water reten-
tion. If water intake exceeds the capacity of the kid-
neys to excrete water, dilution of body solutes results,
causing hypo-osmolality and hypotonicity (Fig. 1B,
1E, 1F, and 1G). Hypotonicity, in turn, can lead to
cerebral edema, a potentially life-threatening com-
plication.

 

4

 

 Hypotonic hyponatremia can be associat-
ed, however, with normal or even high serum osmo-
lality if sufficient amounts of solutes that can permeate
cell membranes (e.g., urea and ethanol) have been
retained (Fig. 1C). Importantly, patients who have
hypotonic hyponatremia but normal or high serum
osmolality are as subject to the risks of hypotonicity
as are patients with hypo-osmolar hyponatremia.

The nonhypotonic hyponatremias are hypertonic
(or translocational) hyponatremia, isotonic hypona-
tremia, and pseudohyponatremia.

 

1,2

 

 Translocational
hyponatremia results from a shift of water from cells
to the extracellular fluid that is driven by solutes
confined in the extracellular compartment (as occurs
with hyperglycemia or retention of hypertonic man-
nitol); serum osmolality is increased, as is tonicity,
the latter causing dehydration of cells (Fig. 1D). Re-

H

 

tention in the extracellular space of large volumes of
isotonic fluids that do not contain sodium (e.g., man-
nitol) generates iso-osmolar and isotonic hypona-
tremia but no transcellular shifts of water. Pseudo-
hyponatremia is a spurious form of iso-osmolar and
isotonic hyponatremia identified when severe hyper-
triglyceridemia or paraproteinemia increases sub-
stantially the solid phase of plasma and the sodium
concentration is measured by means of flame pho-
tometry.

 

1,2

 

 The increasing availability of direct meas-
urement of serum sodium with the ion-specific elec-
trode has all but eliminated this laboratory artifact.

 

5

 

A common clinical problem, hyponatremia fre-
quently develops in hospitalized patients.

 

6

 

 Although
morbidity varies widely in severity, serious compli-
cations can arise from the disorder itself as well as
from errors in management. In this article, we focus
on the treatment of hyponatremia, emphasizing a
quantitative approach to its correction.

 

CAUSES

 

Hypotonic (dilutional) hyponatremia represents an
excess of water in relation to existing sodium stores,
which can be decreased, essentially normal, or in-
creased (Fig. 1). Retention of water most commonly
reflects the presence of conditions that impair renal
excretion of water

 

1,7,8

 

; in a minority of cases, it is
caused by excessive water intake, with a normal or
nearly normal excretory capacity (Table 1).

 

7

 

Conditions of impaired renal excretion of water
are categorized according to the characteristics of
the extracellular-fluid volume, as determined by clin-
ical assessment (Table 1).

 

9

 

 With the exception of re-
nal failure, these conditions are characterized by
high plasma concentrations of arginine vasopressin
despite the presence of hypotonicity.

 

10,11

 

 Depletion
of potassium accompanies many of these disorders
and contributes to hyponatremia, since the sodium
concentration is determined by the ratio of the
“exchangeable” (i.e., osmotically active) portions of
the body’s sodium and potassium content to total
body water (Fig. 1G).

 

12-14

 

 Patients with hyponatre-
mia induced by thiazides can present with variable
hypovolemia or apparent euvolemia, depending on
the magnitude of the sodium loss and water reten-
tion.

 

1,15-17

 

Excessive water intake can cause hyponatremia by
overwhelming normal water excretory capacity (e.g.,
primary polydipsia) (Table 1). Frequently, however,
psychiatric patients with excessive water intake have
plasma arginine vasopressin concentrations that are
not fully suppressed and urine that is not maximally
dilute, thus contributing to water retention.

 

18,19
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Figure 1.

 

 Extracellular-Fluid and Intracellular-Fluid Compartments under Normal Conditions and during States of Hyponatremia.
Normally, the extracellular-fluid and intracellular-fluid compartments make up 40 percent and 60 percent of total body water, re-
spectively (Panel A). With the syndrome of inappropriate secretion of antidiuretic hormone, the volumes of extracellular fluid and
intracellular fluid expand (although a small element of sodium and potassium loss, not shown, occurs during inception of the syn-
drome) (Panel B). Water retention can lead to hypotonic hyponatremia without the anticipated hypo-osmolality in patients who have
accumulated ineffective osmoles, such as urea (Panel C). A shift of water from the intracellular-fluid compartment to the extracel-
lular-fluid compartment, driven by solutes confined in the extracellular fluid, results in hypertonic (translocational) hyponatremia
(Panel D). Sodium depletion (and secondary water retention) usually contracts the volume of extracellular fluid but expands the
intracellular-fluid compartment. At times, water retention can be sufficient to restore the volume of extracellular fluid to normal or
even above-normal levels (Panel E). Hypotonic hyponatremia in sodium-retentive states involves expansion of both compartments,
but predominantly the extracellular-fluid compartment (Panel F). Gain of sodium and loss of potassium in association with a defect
of water excretion, as they occur in congestive heart failure treated with diuretics, lead to expansion of the extracellular-fluid com-
partment but contraction of the intracellular-fluid compartment (Panel G). In each panel, open circles denote sodium, solid circles
potassium, large squares impermeable solutes other than sodium, and small squares permeable solutes; the broken line between
the two compartments represents the cell membrane, and the shading indicates the intravascular volume.
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Hyperglycemia is the most common cause of trans-
locational hyponatremia (Fig. 1D). An increase of
100 mg per deciliter (5.6 mmol per liter) in the se-
rum glucose concentration decreases serum sodium
by approximately 1.7 mmol per liter, with the end
result a rise in serum osmolality of approximately
2.0 mOsm per kilogram of water.

 

1

 

 Retention of hy-
pertonic mannitol, which occurs in patients with re-

nal insufficiency, has the same effect. In both condi-
tions, the resultant hypertonicity can be aggravated
by osmotic diuresis; moderation of hyponatremia or
frank hypernatremia can develop, since the total of
the sodium and potassium concentrations in the urine
falls short of that in serum.

 

20

 

Massive absorption of irrigant solutions that do not
contain sodium (e.g., those used during transurethral

 

*Sodium depletion, potassium depletion, stimulation of thirst, and impaired urinary dilution are
implicated.

†Often a mild reduction in the capacity for water excretion is also present.
‡Hyponatremia is not always hypotonic.

 

T

 

ABLE

 

 1.

 

 C

 

AUSES

 

 

 

OF

 

 H

 

YPOTONIC

 

 H

 

YPONATREMIA

 

.

 

I

 

MPAIRED

 

 C

 

APACITY

 

 

 

OF

 

 R

 

ENAL

 

 W

 

ATER

 

 E

 

XCRETION

 

Decreased volume of extracellular fluid

 

Renal sodium loss
Diuretic agents
Osmotic diuresis (glucose, urea,

mannitol)
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Salt-wasting nephropathy
Bicarbonaturia (renal tubular acido-

sis, disequilibrium stage of
vomiting)

Ketonuria
Extrarenal sodium loss

Diarrhea
Vomiting
Blood loss
Excessive sweating (e.g., in mara-

thon runners)
Fluid sequestration in “third space”

Bowel obstruction
Peritonitis
Pancreatitis
Muscle trauma
Burns

 

Increased volume of extracellular fluid

 

Congestive heart failure
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Renal failure (acute or chronic)
Pregnancy

 

Essentially normal volume of extracellular fluid

 

Thiazide diuretics*
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Syndrome of inappropriate secretion of antidiuretic 
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Primary polydipsia†
Dilute infant formula
Sodium-free irrigant solutions (used in hysteroscopy, laparoscopy, or transurethral resection of the 

prostate)‡
Accidental intake of large amounts of water (e.g., during swimming lessons)
Multiple tap-water enemas
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Aims Hyponatraemia has been shown to be an independent predictor of mortality in selected patients
with heart failure enrolled in clinical trials. The predictive value of hyponatraemia has not been eval-
uated in unselected patients hospitalized with heart failure.
Methods and results OPTIMIZE-HF is a registry and performance-improvement programme for patients
hospitalized with heart failure and includes a subgroup with 60–90 day follow-up data. The relationship
between admission serum sodium concentration and clinical outcomes was analysed in 48 612 patients
from 259 hospitals. Admission serum sodium levels were analysed both as a continuous variable and
by grouping patients with admission Na,135 and Na!135 mmol/L. Patients with hyponatraemia (Na
,135 mmol/L) at the time of hospital admission had modest differences in baseline clinical character-
istics and management during hospitalization compared with patients who had serum sodium
!135 mmol/L. Patients with hyponatraemia were more likely to be Caucasian, have lower admission
systolic blood pressure, and receive intravenous inotropes during hospitalization. Patients with hypona-
traemia had significantly higher rates of in-hospital and follow-up mortality and longer hospital stays,
although no difference in re-admission rates was observed. After adjusting for differences with multi-
variable analysis, the risk of in-hospital death increased by 19.5%, the risk of follow-up mortality by
10%, and the risk of death or rehospitalization by 8% for each 3 mmol/L decrease in admission serum
sodium below 140 mmol/L.
Conclusion Hyponatraemia in hospitalized patients with heart failure is relatively common and is associ-
ated with longer hospital stays and higher in-hospital and early post-discharge mortality. Re-admission
rates were equally high in patients with or without hyponatraemia.

KEYWORDS
Serum sodium;
Heart failure;
Registry;
Risk factors;
Hospitalization

Introduction

Hyponatraemia, defined as a serum sodium concentration
,135 mmol/L, is a relatively common finding in patients

admitted to the hospital with heart failure.1–4 Hyponatra-
emia was present in 27% of patients in the Outcomes of a
Prospective Trial of Intravenous Milrinone for Exacerbations
of Chronic Heart Failure (OPTIME-CHF) study.5 A similar
rate of hyponatraemia was observed in the Acute and
Chronic Therapeutic Impact of a Vasopressin Antagonist in
Congestive Heart Failure (ACTIV in CHF) trial, in which 21%
of patients hospitalized for acute decompensated heart
failure were hyponatraemic at baseline.6

* Corresponding author: Tel: þ1 312 695 0051; fax: þ1 312 695 1434.
E-mail address: m-gheorghiade@northwestern.edu

†The Organized Program to Initiate Lifesaving Treatment in Hospitalized
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The discharge use of aldosterone antagonists was higher in
the lower serum sodium group, but patients in the lower
serum sodium group were less likely to receive an
ACE-inhibitor or angiotensin receptor blocker (ARB) or a
statin at discharge. The discharge use of b-blockers did
not differ between serum sodium groups (Table 2). The
addition of a b-blocker, ACE-inhibitor, and/or ARB to
patients not treated at admission was similar between the
groups. Diuretics were prescribed less often at discharge in
the low serum sodium group, with 74.1% of patients receiv-
ing diuretics compared with 78.1% receiving them in the high
sodium group. Loop diuretics followed this pattern, with
hyponatraemic patients being less likely to receive a loop
diuretic at discharge. However, thiazide-type diuretics
were used slightly more often in patients with hyponatrae-
mia (8.8% in the lower serum sodium group; 7.1% in the
higher serum sodium group) (Table 2). Modest differences
were observed between admission serum sodium concen-
tration and several heart failure performance indicators
(Table 2).

Clinical outcomes

The in-hospital mortality rate was 3.8% in the overall
OPTIMIZE-HF programme. When clinical outcomes were
examined by admission serum sodium values, lower admis-
sion serum sodium was associated with higher in-hospital
mortality, 6.0% for the lower sodium group compared with
3.2% for those patients with higher serum sodium (Table 3;
Figure 2). The relationship between admission serum
sodium levels and in-hospital mortality is plotted in

Figure 3. The risk of mortality begins to significantly rise
at serum sodium ,138 mmol/L and is more than double
for the patients with serum sodium levels in the 132–
135 mmol/L range. Overall, the mean LOS was 5.6+5.5
days, and the median LOS was 4.0 (25th and 75th percentiles
3.0 and 7.0, respectively). Lower admission serum sodium
was associated with longer mean hospital LOS, ranging
from 6.4 days for the lower group to 5.5 days for the
higher group, as shown in Table 3 and Figure 2.

In the follow-up cohort, admission hyponatraemia was
associated with higher 60–90 day mortality; 12.4% for
,135 mmol/L vs. 7.1% for !135 mmol/L (P , 0.0001)
(Table 3; Figure 2). Rehospitalization rates during follow-up
were not different between admission serum sodium groups
(32.4% for the lower sodium group and 29.0% for the higher
sodium group; P ¼ 0.292). The association between admis-
sion serum sodium and LOS or in-hospital mortality was
present regardless of LV systolic function. For in-hospital
mortality and follow-up mortality, the magnitude of effect
was most pronounced in patients with LVSD (Table 3).

After adjusting for other prognostic factors, admission
serum sodium concentration remained a significant indepen-
dent predictor of in-hospital mortality, post-discharge mor-
tality, and 60–90 day death or rehospitalization (Table 4).
Serum sodium was also independently predictive of LOS.
However, it was found that the relationships between admis-
sion sodium and these clinical outcomes are not monotonic.
Admission sodium ,140 mmol/L had a different effect than
admission sodium .140 mmol/L. The risk of in-hospital mor-
tality increased by 19.5% for LVSD patients and by 8.6%
for non-LVSD patients for each 3 mmol/L decrease in

Figure 1 Distribution of admission serum sodium in patients hospitalized with a primary discharge diagnosis of heart failure.
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 Background: The association of hyponatremia with cognitive impairment and mobility in heart failure (HF) patients is un-
known. The purpose of this study was to determine if hyponatremia is associated with cognitive and mobility 
impairment as measured by simple, validated, and time-sensitive tests.

 Material/Methods: This was a prospective study in patients with reduced and preserved ejection fraction (HFrEF, HFpEF) seen in 
outpatient HF clinics. Hyponatremia was defined as sodium level £136 mEq/L. Cognitive function was mea-
sured using the Montreal Cognitive Assessment (MoCA) tool, and mobility was measured with the Timed Up 
and Go test (TUG-t).

 Results: A total of 121 patients were evaluated; 30% were hyponatremic (134±1.9 mEq/l, range 128–136 mEq/l). Overall, 
92% of hyponatremic patients had cognitive impairment (MoCA <26) compared to 76% of the non-hypona-
tremic patients [relative risk 1.2 (confidence interval: 1.02–1.4, p=0.02)]. In regard to mobility, 72% of hypona-
tremic patients and 62% of non-hyponatremic patients (p=0.4) had TUG-t times that were considered to be 
worse than average. A total of 84% (N=76) of HFrEF and 71% (N=22) of HFpEF patients had cognitive impair-
ment (p=0.86). HFrEF patients had significantly lower overall MoCA scores (21.2±3.7 vs. 23.3±3.6, p=0.006) and 
similar TUG-t times compared to HFpEF patients.

 Conclusions: Most heart failure patients (HFrEF and HFpEF) seen in an ambulatory setting had impairment of cognitive func-
tion and mobility, with a higher prevalence among those with hyponatremia. Screening can be done using tests 
that can be administered in a clinical setting.

 MeSH Keywords: Heart Failure • Hyponatremia • Mild Cognitive Impairment
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Characteristics
[mean and standard deviation or N (%)]

No hyponatremia
N=85 (70%)

Hyponatremia
N=36 (30%)

P 

Age  66.6±11.1  65.1±7.9 0.45

Sex 0.105

 Male  75 (88)  35 (97)

 Female  10 (11.8)  1 (2.8)

Serum Sodium (mEq/L)  139.5±1.8  134±1.9 <0.0001

Systolic Blood Pressure (mmHg)  114.2±21.45  117.5±20.1 0.42

Ejection Fraction%  36.3±15.3  32.4±15.5 0.4

BMI  31.7±7.2  32.41±8.3 0.66

BNP (pg/mL)  435.8±740.3  498.9±615.8 0.66

Serum creatinine (mg/dL)  1.4±0.55  1.5±0.7 0.28

Blood urea nitrogen (mg/dL)  25.9±14.4  26.9±16.7 0.79

Albumin (g/dL)  3.8±0.6  3.7±0.6 0.58

Hemoglobin (g/dL)  13.6±1.8  13.4±1.7 0.53

Education level 0.2

 None  4 (4.7)  5 (13.9)

 High School  37 (43.5)  18 (50)

 Some College  33 (38.8)  11 (30.6)

 Higher  11 (12.9)  2 (5.6)

HF characteristics

 Diagnosis N=85 N=36 0.14

  HFrEF  60 (70.6)  30 (83.3)

  HFpEF  25 (29.4)  6 (20)

 Etiology N=70 N=32 0.4

  Ischemic HF  40 (57.14)  20 (62.5)

  Non- Ischemic  30 (42.9)  12 (37.5)

 NYHA N=62 N=25 0.76

  Class I  8 (13.3)  2 (8)

  Class II  35 (56.5)  15 (60)

  Class III  18 (29.03)  8 (32)

  Class IV  1 (1.6)  0

Other comorbidities

 Diabetes Mellitus  38 (44.7)  21 (58.3) 0.23

 Hypertension  49 (57.6)  23 (63.88) 0.55

 Hyperlipidemia  48 (56.5)  20 (55.6) 1.000

 Arthritis  22 (25.9)  5 (13.8) 0.23

Table 1. Baseline characteristics (mean and standard deviation).
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Chart 20-2. Prevalence of heart failure by sex and age (National Health and Nutrition Examination Survey: 2009–2012). Source: National 
Center for Health Statistics and National Heart, Lung, and Blood Institute.
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are characterized by an increased risk for neurologic 
complications following rapid correction of  hyponatre-
mia[19-24]. The mortality rates associated with hyponatre-
mia range from 5% to 50% depending on severity and 
acuity of  onset[25].

Heart failure is a disabling and growing disease as-
sociated with high morbidity and mortality rates and with 
annually increasing costs[26-29]. Hyponatremia is often 
encountered in patients with heart failure[30-33]. In a study 
of  our group, 33.7% of  patients with congestive heart 
failure had hyponatremia, which was the most common 
electrolyte abnormality in the study population[34]. Aim 
of  the present review is to demonstrate the mechanisms 
relating heart failure and hyponatremia, to present the as-
sociation of  hyponatremia with the progress of  disease 
and morbidity/mortality in heart failure patients and to 
describe treatment options focusing on the role of  argi-
nine-vasopressin (AVP)-receptor antagonists.

A PubMed/Scopus search was performed up to June 
2013 using combinations of  “heart failure” with the fol-
lowing keywords: sodium, hyponatremia, vasopressin, al-
dosterone, diuretics, morbidity, mortality, hospital stay, wa-
ter restriction, vaptans, vasopressin-receptor antagonists, 
tolvaptan, conivaptan, lixivaptan, electrolyte. Randomised 
controlled trials, original papers, review articles and case 
reports are included in the present review. References of  
these articles were scrutinised for relevant articles.

MECHANISMS OF HYPONATREMIA IN 
PATIENTS WITH HEART FAILURE
Neurohormonal mechanisms
Many factors are implicated in the pathogenesis of  hy-
ponatremia in patients with heart failure (Figure 1)[6]. 
Heart failure reduces cardiac output and results in arterial 
underfilling, which induces the activation of  the sympa-

thetic nervous system (SNS). This leads to peripheral and 
renal vasoconstriction and decreases glomerular filtration 
rate, effects that combined with arterial underfilling result 
in increased reabsorption of  sodium and water and in-
duce the activation of  the renin-angiotensin-aldosterone 
system (RAAS)[31,32,35]. The subsequent increase of  angi-
otensin Ⅱ results in peripheral and renal vasoconstriction 
and induces aldosterone release from the adrenal gland 
causing further sodium retention[36-43]. Arterial underfill-
ing and the activation of  both SNS and RAAS lead to 
increased release of  AVP. Angiotensin Ⅱ also stimulates 
the thirst center of  the brain and increases water intake 
and the release of  AVP[44-46]. AVP binds to the vasopres-
sin-2 (V2) receptor subtype and increases the number of  
aquaporin-2 water channels, leading to increased perme-
ability of  water in the collecting duct and enhanced free 
water retention[47-50]. Aquaporin water channels consist of  
six membrane-spanning domains that form water chan-
nels within collecting duct membranes[50-52].

In agreement with the above mechanisms patients 
with heart failure and hyponatremia have higher levels of  
plasma renin, angiotensin Ⅱ, aldosterone, epinephrine, 
norepinephrine, and dopamine compared with patients 
with normal sodium levels[40,53,54]. It has been shown that 
heart failure patients exhibit increased AVP production 
and generally a dysregulation of  AVP characterised by 
an elevation of  its levels despite the presence of  volume 
overload, atrial distension and low plasma osmolality[55-61]. 
Furthermore, the urinary excretion of  aquaporin-2 is 
increased in heart failure patients with elevated AVP[48]. 
Notably, the elevated plasma AVP levels are not appro-
priately reduced even with acute water loading in hypo-
natremic patients with advanced heart failure[62]. These 
observations led to the hypothesis that hyponatremia may 
be a marker of  neurohormonal activation that reflects the 
severity of  heart failure[63].

AVP plays an important role in the development of  
hyponatremia in heart failure but unfortunately it cannot 
reliably determined by the current laboratory methods. 
Copeptin, the C-terminal part of  the AVP precursor 
peptide, is secreted in an equimolar ratio to AVP and is 
a sensitive and stable surrogate marker for its release[64]. 
Copeptin levels have been used as a prognostic marker 
in patients with acute diseases such as lower respiratory 
tract infection, heart disease and stroke. Copeptin is also 
a promising marker in the differential diagnosis of  hypo-
natremia[64]. In a study plasma copeptin and N-terminal 
pro-B-type natriuretic peptide were evaluated in 340 
patients with left ventricular systolic dysfunction, who 
were divided into 3 groups according to copeptin tertiles 
and followed for 55 mo[65]. Copeptin, although it did not 
predict the future development of  hyponatremia, was a 
significant predictor of  hospitalization or death (HR = 
1.4, 95%CI: 1.1-1.9, P < 0.019) even after adjustment for 
plasma sodium, loop diuretic dose, and N-terminal pro-
B-type natriuretic peptide levels[65]. However, a second-
ary analysis of  three prospective studies of  patients with 
lower respiratory tract infections and acute cerebrovascu-

Filippatos TD et al . Hyponatremia and heart failure

318 September 26, 2013|Volume 5|Issue 9|WJC|www.wjgnet.com

Heart failure

Arterial underfilling
(↓arterial baroreceptors stimulation)

↑Sympathetic
nervous system

activity

↑RAAS activity

↑Aldosterone ↑Angiotensin Ⅱ

↓Renal blood flow 
↑H2O reabsorption
↑Sodium reabsorption

Hyponatremia

↑Thirst

↑↑AVP release

↑Water
intake

Figure 1  Mechanisms of hyponatremia in patients with heart failure. 
RAAS: Renin-angiotensin-aldosterone system; AVP: Arginine-vasopressin.
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Abstract
The present review analyses the mechanisms relating 
heart failure and hyponatremia, describes the associa-
tion of hyponatremia with the progress of disease and 
morbidity/mortality in heart failure patients and pres-
ents treatment options focusing on the role of arginine 
vasopressin (AVP)-receptor antagonists. Hyponatremia 
is the most common electrolyte disorder in the clinical 
setting and in hospitalized patients. Patients with hy-
ponatremia may have neurologic symptoms since low 
sodium concentration produces brain edema, but the 
rapid correction of hyponatremia is also associated with 
major neurologic complications. Patients with heart fail-
ure often develop hyponatremia owing to the activation 
of many neurohormonal systems leading to decrease of 
sodium levels. A large number of clinical studies have 
associated hyponatremia with increased morbidity and 
mortality in patients hospitalized for heart failure or 
outpatients with chronic heart failure. Treatment op-
tions for hyponatremia in heart failure, such as water 
restriction or the use of hypertonic saline with loop di-
uretics, have limited efficacy. AVP-receptor antagonists 
increase sodium levels effectively and their use seems 
promising in patients with hyponatremia. However, the 
effects of AVP-receptor antagonists on hard outcomes 
in patients with heart failure and hyponatremia have 
not been thoroughly examined.
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Core tip: Patients with heart failure and hyponatremia 
have increased morbidity and mortality compared with 
subjects with normal sodium levels. Established treat-
ment options for hyponatremia in heart failure such 
as fluid restriction or the use of hypertonic saline with 
loop diuretics have limited efficacy and compliance is-
sues. Arginine vasopressin (AVP)-receptor antagonists 
increase sodium levels and exhibit beneficial effects on 
hemodynamic variables in patients with heart failure. 
However, double-blind, placebo-controlled trials exam-
ining the effects of AVP-receptor antagonists on mortal-
ity, quality of life and length of hospital stay in patients 
with heart failure and hyponatremia are missing.  

Filippatos TD, Elisaf MS. Hyponatremia in patients with heart 
failure. World J Cardiol 2013; 5(9): 317-328  Available from: 
URL: http://www.wjgnet.com/1949-8462/full/v5/i9/317.htm  
DOI: http://dx.doi.org/10.4330/wjc.v5.i9.317

INTRODUCTION
Hyponatremia is defined as a serum sodium concentra-
tion lower than 136 mmol/L[1]. It is recognized as the 
most common electrolyte disorder both in the clinical 
setting and in hospitalized patients[2,3]. The prevalence of  
hyponatremia in hospitalized patients varies depending 
on the sodium level used to define the condition and the 
patient population[4-13]. Patients with hyponatremia may 
suffer major neurologic complications since low sodium 
concentration produces brain edema, but the rapid cor-
rection of  hyponatremia is also associated with increased 
morbidity and mortality[14-18]. It should be mentioned that 
elderly women and subjects who also have hypokalemia 
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cells.13 Therefore, it portends a renal adverse effect profile
similar to that of thiazide diuretics. Its use, especially if
concomitant with blockers of RAAS, hydrochlorothiazide,
or other drugs that can potentially reduce serum Na levels
(eg, selective serotonin reuptake inhibitors), might cause
hyponatremia in patients with HF.

Finally, it should be noted as a reminder that common
comorbidities such as diabetes with uncontrolled hyper-
glycemia might play a role in the developmentor worsening
of hyponatremia in these patients. Moreover, other noncar-
diac causes of hyponatremia such as hypothyroidism (eg,
amiodarone induced) might coexist in patients with HF and
need to be considered in the diagnostic and therapeutic
approaches. The causes of hyponatremia are summarized
in Table 2.

Conventional Management Strategies
Management of hyponatremia remains challenging, with
only few therapeutic options available.14 Traditionally,
patients are advised to restrict their free water intake. Since
enhanced RAAS activation is a known feature of HF, and
angiotensin is a known mediator of thirst, fluid restriction is
both uncomfortable and unsuccessful in many cases. Loop
diuretics remain the mainstay of therapy in HF patients
with edema and congestive symptoms. They inhibit the
transport of Na-K-Cl in the thick ascending limb of the loop of
Henle. Many physicians have reservations about using loop
diuretics in the setting of HF-associated hyponatremia, with
the fear of further decreasing serum Na levels. However, in
contrast to thiazides, loop diuretics generally interfere with
the concentrating ability of the kidneys, hence increasing
free water excretionand improvinghyponatremia.Although
Na excretion leads to a reduction in total body Na content,

Table 2. Causes of Hyponatremia in HF

Activation of neurohormonal axis (ie, nonosmotic release of AVP, RAAS,
SNS)

Increased thirst due to high levels of angiotensin II

Disturbance in renal diluting mechanisms and water excretion

Increased Na excretion (due to initially elevated levels of natriuretic
peptides)

Medications (eg, thiazide diuretics and spironolactone)

Comorbidities (eg, uncontrolled hyperglycemia and hypothyroidism)

Abbreviations: AVP, arginine vasopressin; HF, heart failure; Na, sodium;
RAAS, renin-angiotensin-aldosterone system; SNS, sympathetic ner-
vous system.

the urine produced by loop diuretics is hypotonic and
contains only about 60 mEq/L Na.15 Therefore, while
decreasing both total body water volume and Na content,
the net effect of loop diuretics on fluid and electrolyte
balance is expected to be a gradual increase in serum Na
concentrations.

It is noteworthy, however, that in certain circumstances
use of loop diuretics might not result in improvement of
hyponatremia. Since loop diuretics significantly increase
the delivery of Na to macula densa, they lead to further
activation of RAAS. Angiotensin II is a known mediator
for AVP secretion and can therefore promote retention of
water and exacerbation of hyponatremia.16 Moreover, long-
term use of diuretics or extrarenal loss of Na (eg, chronic
diarrhea secondary to edema of the intestinal epithelium)
could eventuallyreduce total body Na content; loop diuretics
might contribute to worsening of hyponatremia by further
Na depletion (hypovolemic hyponatremia). Concomitant
administration of low-dose isotonic saline solution might be
helpful in this specific setting, with close monitoringof urine
output and urine osmolality. In the study by Sonnenblick
et al, loop diuretics were implicated in 6% of the cases with
severe hyponatremia.10 It is imperative to closely monitor
serum Na levels in any HF patients for whom loop diuretics
are used to treat hyponatremia.

NewerManagement Strategy
Hypertonic saline has been used in severe cases of
hyponatremia due to various etiologies. In a study on 9
patients with ADHF and hyponatremia (mean serum Na
level 131 mEq/L), Issa et al did not report any worsening
in pulmonary congestion with use of hypertonic saline, and
found an increase in urine output and reduction in serum
blood urea nitrogen (BUN) with no significant change
in weight.17 In a randomized single-blind study on 107
patients with refractory HF, Licata et al used intravenous
(IV) furosemidecombinedwith small volumes of hypertonic
saline, and compared the results with those of patients who
received only IV furosemide.18 While the first group showed
significant improvement in their hyponatremia (increase
in serum Na from 135.8 to 142.3 mEq/L, P < 0.001),
serum Na levels decreased in those patients who received
furosemide alone (134.8 to 130.2 mEq/L, P < 0.007).
Importantly, use of hypertonic saline was not associated
with increased congestion and change in HF functional
class. Moreover, readmission rate and hospital mortality
were significantly lower in those patients who received
hypertonic saline. This therapeutic strategy has also been
mentioned in the most recent guidelines of the Canadian
Cardiovascular Society for efficient decongestion through
use of high-dose diuretics while limiting the risk of
hyponatremia.19 The beneficial effects of hypertonic solution
and high-Na diet can be related to the effect on prostacyclin
synthesis and nitric oxide-dependent vasodilation as well

324 Clin. Cardiol. 33, 6, 322–329 (2010)
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Abstract

Objective: To identify factors associated with short term mortality in hospitalised patients with heart failure.
Background: Hospitalisation is frequent in patients with heart failure and is associated with a high mortality.
Methods: The Euro Heart Failure survey collected data from patients with suspected heart failure. We searched this data for predictors of
short term mortality.
Results: Of 10,701 patients, 1404 (13%) died within 12 weeks of admission. On univariate analysis, increasing age, hyponatraemia, renal
impairment, hyperkalaemia, anaemia, severe mitral regurgitation, severe LV systolic dysfunction(LVSD), increasing QRS and female sex
carried adverse prognosis. ACEI, beta-blockers, nitrates, anti-thrombotic and lipid lowering drugs were associated with a better prognosis. On
multivariable analysis the following provided independent prognostic information: increasing age (OR per SD=1.5, 95% CI 1.4–1.6), severe
LVSD (1.8, 1.5–2.1), serum creatinine (1.2, 1.2–1.3), sodium (0.9, 0.8–0.9), Hb (0.9, 0.8–0.9) and treatment with ACEI (0.5, 0.5–0.6), beta-
blockers (0.7, 0.6–0.8), statins (0.6, 0.5–0.7), calcium channel blockers (0.7, 0.6–0.8), warfarin (0.5, 0.4–0.6), heparin (1.7, 1.4–1.9), anti-
platelet drugs (0.6, 0.5–0.6) and need for inotropes (5.5, 4.6–6.6). A simple risk score (range 0–11) identified cohorts with a 12 week
mortality ranging from 2% to 44%.
Conclusions: Simple and readily available clinical variables and a risk score based on medical history and routine tests that all patients
admitted with heart failure have, can identify patients with good, intermediate and high short term mortality.
© 2008 Elsevier Ireland Ltd. All rights reserved.

Keywords: Heart failure; Mortality; Cholesterol; Risk score; Euro Heart Failure survey

1. Introduction

Heart failure affects 1–2% of the population and is a major
cause of death and disability [1]. The lifetime risk of
developing heart failure is one in five in industrialised
countries [2]. 30–40% of patients die within a year of
diagnosis and 60–70% die within 5 years, despite treatment
[3]. It causes about 5% of medical admissions and complicates
a further 10–15% [4]. More than half of these cases are due to

International Journal of Cardiology 138 (2010) 63–69
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Abbreviations: LV, left ventricular; LVSD, left ventricular systolic
dysfunction; HF, heart failure; ECG, ElectroCardioGram; ACEI, angiotensin
converting enzyme inhibitor; ARB, angiotensin receptor blocker; RCT,
randomised controlled trial; OR, odds ratio; SD, standard deviation; CI,
confidence interval.
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were on loop diuretics (1.5; 1.3–1.8) or intravenous inotropic
agents (5.1; 4.4–6.0) had a worse prognosis.

Multivariable analysis (Table 2) was performed with the
following variables, included in the model; sex, presence of
severe LVSD, mitral regurgitation, major valvular disease,
hypertension, atrial fibrillation, treatment with ACEI, ARB,
beta-blockers, loop diuretic, thiazide diuretic, calcium
channel blockers, digitalis, nitrates, inotropic agents, anti-
thrombotic agents, anti-arrhythmic drugs and lipid regulators
as categorical variables and age, sodium, Hb, urea, creatinine,
urate, QTc and QRS durations as continuous variables.

The following factors provided independent prognostic
information: increasing age, severe LVSD, serum creatinine,
sodium, Hb and treatment with ACEI, beta-blockers, statins,
calcium channel blockers, warfarin, heparin, anti-platelet

drugs and need for inotropic agents. The relation between
mortality, cholesterol and its therapy was examined further
(Table 3) (Fig. 2) and we found that low cholesterol levels
carry an adverse prognosis. Among those on lipid lowering
therapy (Table 3B), the mortality was higher in those with
cholesterol in the lowest and highest quintiles (U shaped
relation) (Fig. 3).

A crude risk score (0–11) was derived from the variables
in the multivariable model, as follows: Age: 71–75 (1), 76–
80 (2) and N80 (3), LVSD: mild (1), moderate (2) and severe
(3), not on beta-blocker (2), not on ACEI/ARB (2) and
elevated serum creatinine (1). Increase in risk score was
associated with a linear increase in mortality (Fig. 1)
throughout the range with R square=0.952. Other variables
from multivariable analysis were not used as they did not
improve the predictive ability any further.

4. Discussion

This analysis shows that simple clinical information
acquired during hospitalisation in an international clinical
survey can be used to risk-stratify patients with suspected
heart failure. The scoring system was able to identify patients

Table 2
Multivariable analysis by binary stepwise logistic regression predicting
mortality within 12 weeks of admission with heart failure.

Variable p Odds
ratio

95% CI Bootstrapp
(97.5%)

Age a (SD=13 years) b0.001 1.5 1.4–1.6 b0.001
Haemoglobina (SD=2.2 g/dl) b0.001 0.9 0.8–0.9 0.003
Creatininea (SD=103 μmol/l) b0.001 1.2 1.2–1.3 b0.001
Sodiuma (SD=5 mmol/l) b0.001 0.9 0.8–0.9 0.035
Severe LVSD (20% of all patients) b0.001 1.8 1.5–2.1 b0.001
Atrial fibrillation (15%) 0.001 1.3 1.1–1.6 0.205
ACEI therapy (62%) b0.001 0.5 0.5–0.6 b0.001
ARB therapy (5%) 0.001 0.5 0.4–0.8 0.073
Beta-blocker therapy (37%) b0.001 0.7 0.6–0.8 0.006
Calciumchannel blocker therapy (21%) b0.001 0.7 0.6–0.8 0.018
Lipid lowering therapy (20%) b0.001 0.6 0.5–0.7 0.001
Aspirin and anti-platelet drugs (53%) b0.001 0.6 0.5–0.6 b0.001
Warfarin (23%) b0.001 0.5 0.4–0.6 b0.001
Heparin (25%) b0.001 1.7 1.4–1.9 b0.001
Need for IV inotropic agents (7%) b0.001 5.5 4.6–6.6 b0.001
a Odds ratios given for a change of +/−1 SD for continuous variables and

odds ratios obtained by comparing Yes vs. No for categorical variables.

Table 3
Relation between cholesterol levels and mortality.

Vital status Cholesterol – mmol/l (mg/dl) – quintiles Total

b3.91 (b151) 3.91–4.64 (151–179) 4.65–5.30 (180–205) 5.31–6.09 (206–235) N6.09 (N235)

A: All patients
Alive Count 1001 978 1090 1019 1046 5134

% of total survivors 19.5 19.0 21.2 19.8 20.4 100
Survivors within quintile 83.4% 89.2% 91.1% 91.0% 92.6% 89.4%

Dead Count 199 119 106 101 83 608
% of total deaths 32.7 19.6 17.4 16.6 13.7 100
Death within quintile 16.6% 10.8% 8.9% 9.0% 7.4% 10.6%

B: Patients on lipid lowering drugs
Alive Count 262 253 285 253 385 1438

% of total survivors 18.2 17.6 19.8 17.6 26.8 100.0
Survivors within quintile 94.2% 94.8% 96.0% 96.9% 94.8% 95.3%

Dead Count 16 14 12 8 21 71
% of total deaths 22.5 19.7 16.9 11.3 29.6 100.0
Deaths within quintile 5.8% 5.2% 4.0% 3.1% 5.2% 4.7%

Fig. 1. Relation between risk score and death within 12 weeks of admission.
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mortality. The hazard ratio (HR) for mortality associ-
ated with each 3-mEq/L decrease in baseline serum so-
dium concentration was 1.23 (95% confidence interval
[CI], 1.05-1.43) (P=.01) (Table 2). A trend was ob-
served for the association of baseline serum sodium con-
centration with 6-month death or rehospitalization (HR,
1.09; 95% CI, 0.99-1.19), but it did not reach statistical
significance (P=.07). No significant association was de-
tected between baseline serum sodium concentration and
6-month rehospitalization alone (HR, 1.06; 95% CI, 0.96-
1.17) (P=.29). The predicted probability of event-free sur-
vival based on the Cox model is shown in Figure1. These
data illustrate the linear relationship between baseline se-
rum sodium and event-free survival.

ASSOCIATION OF PERSISTENT HYPONATREMIA
WITH RISK OF ADVERSE EVENTS

Patients with persistent hyponatremia appeared to have
higher rates of 6-month mortality, rehospitalization, and

the composite of death or rehospitalization than pa-
tients with corrected hyponatremia or normonatremia
(Table 2, Figure 2). Persistent hyponatremia was asso-
ciated with a significantly higher risk of all 3 end points
after covariate adjustment compared with normonatre-
mia: 6-month mortality (HR, 1.82; 95% CI, 1.03-3.22)
(P=.04); heart failure rehospitalization (HR, 1.52; 95%
CI, 1.05-2.22) (P=.03); and the composite of death or
rehospitalization (HR, 1.54; 95% CI, 1.09-2.17) (P=.01)
(Table 2). In contrast, baseline hyponatremia was only
associated with 6-month mortality but not rehospital-
ization alone or the composite end point.

The HRs for end point comparisons between patients
with persistent hyponatremia and corrected hyponatre-
mia suggested that those with persistent hyponatremia
may be at higher risk of mortality, heart failure rehospi-
talization, and the combined end point. However, the total
number of events in the corrected hyponatremia group
was small, yielding wide CIs, and the finding was not sta-
tistically significant (Table 3).
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Figure 1. Predicted probability of freedom from death and death or heart
failure (HF) rehospitalization across levels of sodium after adjusting for
important covariates. Plots are for the “average” patient using the mean
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Table 2. Six-Month End Points and Serum Sodium Concentrationa

Hyponatremia Factor Mortality P Value HF Hospitalization P Value
Mortality or

HF Hospitalization P Value

Baseline Serum Sodium as a Continuous Variable
Per 3-mEq/L decrease 1.23 (1.05-1.43) .01 1.06 (0.96-1.17) .29 1.09 (0.99-1.19) .07

Serum Sodium Pattern During Hospitalization
Persistent hyponatremia vs normonatremia 1.82 (1.03-3.22) .04 1.52 (1.05-2.22) .03 1.54 (1.09-2.17) .01
Persistent hyponatremia vs corrected hyponatremia 1.71 (0.38-7.68) .48 1.80 (0.73-4.43) .20 1.47 (0.67-3.22) .03

Abbreviations: CPR, cardiopulmonary resuscitation; HF, heart failure; SUN, serum urea nitrogen level.
SI conversion factor: To convert serum sodium to millimoles per liter, multiply by 1.0.
aUnless otherwise indicated, data are presented as hazard ratio (95% confidence interval). Models were adjusted for randomized treatment, discharge systolic

blood pressure, discharge diuretic dose, weight change during hospitalization, and other identified predictors of each end point. For mortality, these other
predictors were age, baseline 6-minute walk distance, discharge SUN, and whether patient received CPR or mechanical ventilation in the hospital. For heart failure
rehospitalization and the composite end point, these other predictors were baseline heart rate and hemoglobin level, discharge SUN, 6-minute walk distance,
!-blocker use, and whether patient received CPR or mechanical ventilation in the hospital.
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Characterization and Prognostic Value of Persistent
Hyponatremia in Patients With Severe Heart Failure
in the ESCAPE Trial
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Background: Mild hyponatremia is relatively com-
mon in patients hospitalized with heart failure (HF). To
our knowledge, the association of hyponatremia with out-
comes has not been evaluated in the context of in-
hospital clinical course including central hemodynam-
ics and changes in serum sodium level.

Methods: The ESCAPE trial (Evaluation Study of Con-
gestive Heart Failure and Pulmonary Artery Catheter-
ization Effectiveness) was a randomized, controlled
study designed to evaluate the utility of a pulmonary ar-
tery catheter plus clinical assessment vs clinical assess-
ment alone in guiding therapy in patients hospitalized
with New York Heart Association class IV HF due to
systolic dysfunction (left ventricular ejection fraction
!30%). A Cox proportional hazards model with base-
line serum sodium level as a continuous variable was
used to examine the association of serum sodium level
with 6-month postdischarge mortality, HF rehospital-
ization, and death or rehospitalization. A categorical
analysis was also performed comparing persistent and
corrected hyponatremia.

Results: A total of 433 hospitalized patients with HF were
enrolled in ESCAPE. Hyponatremia (serum sodium level
"134 mEq/L) was present in 103 patients (23.8%). (To
convert serum sodium to millimoles per liter, multiply
by 1.0.) Of these, 71 had persistent hyponatremia (68.9%).
Hyponatremia was associated with higher 6-month mor-
tality after covariate adjustment (hazard ratio [HR] for
each 3-mEq/L decrease in sodium level, 1.23; 95% con-
fidence interval [CI], 1.05-1.43) (P=.01). After control-
ling for baseline variables and clinical response, we found
that patients with persistent hyponatremia had an in-
creased risk of all-cause mortality (31% vs 16%; HR, 1.82)
(P=.04), HF rehospitalization (62% vs 43%; HR, 1.52)
(P=.03), and death or rehospitalization (73% vs 50%; HR,
1.54) (P=.01) compared with normonatremic patients.

Conclusion: Persistent hyponatremia was an indepen-
dent predictor of mortality, HF hospitalization, and death
or rehospitalization despite clinical and hemodynamic
improvements that were similar to those in patients with-
out hyponatremia.

Arch Intern Med. 2007;167(18):1998-2005

P ATIENTS WITH WORSENING
heart failure resulting in hos-
pitalization have a poor prog-
nosis. In-hospital mortality
occurs in 3% to 4% of these

patients, and 60- to 90-day postdischarge
mortality and rehospitalization rates have
been reported to be 35% to 50%.1-5 Hypo-
natremia, defined as a serum sodium con-
centration of 134 mEq/L or lower, is rela-
tively common in patients hospitalized for
worsening heart failure. (To convert se-
rum sodium to millimoles per liter, mul-
tiply by 1.0.) In the Outcomes of a Pro-
spective Trial of Intravenous Milrinone for
Exacerbations of Chronic Heart Failure
(OPTIME-CHF) trial,2 27% of the pa-
tients had hyponatremia at baseline. Simi-
larly, in the Acute and Chronic Therapeu-

tic Impact of a Vasopressin Antagonist in
Congestive Heart Failure (ACTIV in CHF)
study,6 21% had hyponatremia at base-
line. Among 47 647 patients enrolled in the
Organized Program to Initiate Life Sav-
ing Treatment in Patients Hospitalized for
Heart Failure (OPTIMIZE-HF) registry,4

25.3% had hyponatremia at admission.
Although previous analyses have sug-

gested that baseline hyponatremia is as-
sociated with a poor prognosis, they did
not account for postbaseline changes in se-
rum sodium concentration or the pa-
tient’s response to therapy during the hos-
pitalization.7 The Evaluation Study of
Congestive Heart Failure and Pulmonary
Artery Catheterization Effectiveness
(ESCAPE) trial8,9 database provides a
unique opportunity to evaluate the prog-
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representative group of patients hospitalized with acute
decompensated heart failure. Hyponatraemia was present
in 20% of the OPTIMIZE-HF cohort, a finding that is similar
to the rates observed in other studies of acute decompen-
sated heart failure.5,6 Hyponatraemia may identify a popu-
lation with a pathophysiological profile that differs from
that of normonatraemic patients. It may reflect more
severe activation of the rennin–angiotensin–aldosterone or
the sympathetic nervous system and/or vasopressin
release.2,5,13,14 In the OPTIMIZE-HF registry, low serum
sodium was more common among patients with lower admis-
sion systolic blood pressure and a prior history of heart
failure. These findings are supported by results of other
studies in which patients with a history of heart failure
were more likely to have hyponatraemia.15

Hyponatraemia can be associated with the hypervolemic,
hypovolemic, and euvolemic states. However, in
OPTIMIZE-HF data, patients with hyponatraemia at the
time of admission were most likely to be hypervolemic
since they were admitted for worsening heart failure and
had evidence of fluid overload. Low serum sodium was
associated with a higher rate of in-hospital and post-
discharge mortality after adjustment for multiple other
prognostic factors.

In OPTIMIZE-HF, the in-hospital mortality risk for LVSD and
non-LVSD patients and follow-up mortality risk increased
19.5, 8.6, and 10.0%, respectively, for each 3 mmol/L
decrease in serum sodium up to 140 mmol/L after adjust-
ment for other prognostic variables. The rate of in-hospital
and follow-up mortality for patients with hyponatraemia
was approximately twice that of patients in the

normal-to-high sodium group. This finding is similar to the
results of other multivariable analyses, such as the
OPTIME-CHF study, in which retrospective data revealed an
18% higher risk of 60 day mortality for each 3 mmol/L
decrease in serum sodium.5 The magnitude of the associ-
ation between serum sodium and mortality was greater in
the Enhanced Feedback for Effective Cardiac Treatment
(EFFECT) study.16 This retrospective study included 2624
newly admitted patients with a primary diagnosis of heart
failure from 34 community and teaching hospitals in
Ontario, Canada from 1999 to 2001. The mean age of
heart failure patients included in this study was 76 years
and approximately half of patients were women. In an
analysis of predictors of mortality, hyponatraemia predicted
both 30 day and 1 year mortality. The odds ratio (OR) was
1.53 and 1.46 for each 1 mmol/L decrease in serum
sodium below 136 mmol/L at the 30 day and 1 year time-
points, respectively.16

The unadjusted relationship between serum sodium and
in-hospital mortality and LOS was present regardless of LV
function. In the past, the ability to evaluate interactions
between LVSD and serum sodium has been limited because
the clinical trials used for these analyses excluded patients
with ejection fractions .40%.5,6 However, the EFFECT
study did include patients with normal ejection fraction,
and a total of 362 and 764 patients who had LV function
assessed had preserved systolic function in the validation
and derivation cohorts, respectively. The authors stated
that the coefficients of model covariates were similar
after adjustment for LVSD, suggesting that the relationship
between serum sodium and mortality was present regardless

Figure 2 LOS and clinical outcomes by admission serum sodium groups. Values are expressed as mean+SD or percentage and 95% confidence intervals.
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Aims Hyponatraemia has been shown to be an independent predictor of mortality in selected patients
with heart failure enrolled in clinical trials. The predictive value of hyponatraemia has not been eval-
uated in unselected patients hospitalized with heart failure.
Methods and results OPTIMIZE-HF is a registry and performance-improvement programme for patients
hospitalized with heart failure and includes a subgroup with 60–90 day follow-up data. The relationship
between admission serum sodium concentration and clinical outcomes was analysed in 48 612 patients
from 259 hospitals. Admission serum sodium levels were analysed both as a continuous variable and
by grouping patients with admission Na,135 and Na!135 mmol/L. Patients with hyponatraemia (Na
,135 mmol/L) at the time of hospital admission had modest differences in baseline clinical character-
istics and management during hospitalization compared with patients who had serum sodium
!135 mmol/L. Patients with hyponatraemia were more likely to be Caucasian, have lower admission
systolic blood pressure, and receive intravenous inotropes during hospitalization. Patients with hypona-
traemia had significantly higher rates of in-hospital and follow-up mortality and longer hospital stays,
although no difference in re-admission rates was observed. After adjusting for differences with multi-
variable analysis, the risk of in-hospital death increased by 19.5%, the risk of follow-up mortality by
10%, and the risk of death or rehospitalization by 8% for each 3 mmol/L decrease in admission serum
sodium below 140 mmol/L.
Conclusion Hyponatraemia in hospitalized patients with heart failure is relatively common and is associ-
ated with longer hospital stays and higher in-hospital and early post-discharge mortality. Re-admission
rates were equally high in patients with or without hyponatraemia.

KEYWORDS
Serum sodium;
Heart failure;
Registry;
Risk factors;
Hospitalization

Introduction

Hyponatraemia, defined as a serum sodium concentration
,135 mmol/L, is a relatively common finding in patients

admitted to the hospital with heart failure.1–4 Hyponatra-
emia was present in 27% of patients in the Outcomes of a
Prospective Trial of Intravenous Milrinone for Exacerbations
of Chronic Heart Failure (OPTIME-CHF) study.5 A similar
rate of hyponatraemia was observed in the Acute and
Chronic Therapeutic Impact of a Vasopressin Antagonist in
Congestive Heart Failure (ACTIV in CHF) trial, in which 21%
of patients hospitalized for acute decompensated heart
failure were hyponatraemic at baseline.6
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Hyponatremia and Long-Term Outcomes in Chronic Heart
FailuredAn Observational Study From the Duke Databank for

Cardiovascular Diseases

LUCA BETTARI, MD,1,2 MONA FIUZAT, PharmD,2 LINDA K. SHAW, MS,2 DANIEL M. WOJDYLA, MS,2

MARCO METRA, MD,1 G. MICHAEL FELKER, MD,2 AND CHRISTOPHER M. O’CONNOR, MD2

Brescia, Italy; and Durham, North Carolina

ABSTRACT

Background: Hyponatremia is a well known predictor of short-term outcomes in heart failure (HF); how-
ever, its impact on long-term survival in HF patients with systolic dysfunction is not well established.
Methods and Results: Using the Duke Databank for Cardiovascular Diseases, we identified 1,045 pa-
tients with HF and systolic dysfunction undergoing cardiac catheterization from January 2000 through De-
cember 2008. The effect of hyponatremia as independent predictor of all-cause death and cardiovascular
death/rehospitalization was examined using a multivariable Cox proportional regression model. Hypona-
tremia was present in 107/1,045 patients (10.2%). Hyponatremic patients were older, more likely to be
anemic, with higher heart rate and levels of blood urea nitrogen, lower blood pressure, and more severe
HF. Using an unadjusted analysis, hyponatremia was associated with higher risk of all-cause death (hazard
ratio [HR] 1.89, 95% confidence interval [CI] 1.44e2.49; P ! .0001) and of cardiovascular death/reho-
spitalization (HR 1.40, 95% CI 1.11e1.77; P 5 .005) at 4.5 years. When entered into a multivariable Cox
model, hyponatremia remained significant for all-cause death (HR 1.42, 95% CI 1.07e1.88) and for car-
diovascular death/rehospitalization (HR 1.45, 95% CI 1.14e1.86).
Conclusions: Hyponatremia is relatively common in HF patients with LV dysfunction and is indepen-
dently associated with increased risk of all-cause mortality and cardiovascular mortality/rehospitalization.
(J Cardiac Fail 2012;18:74e81)
Key Words: Heart failure, hyponatremia, long-term outcomes.

Hyponatremia, generally defined by serum sodium
plasma levels !135 mmol/L,1 is the most common electro-
lyte disorder in clinical practice, occurring in 5%e30% of
patients, either at admission and during hospitalization.2 It
occurs in 10%e20% of the patients with heart failure
(HF)3,4 and has been shown to be a powerful prognostic
variable.5 In the largest database of hospitalized HF pa-
tients, the Acute Decompensated Heart Failure registry
(ADHERE), including 158,168 HF patients, serum sodium

levels!130 mmol/L were found on admission in 5% of the
patients and were shown to be a risk factor for mortality and
morbidity.3,6 In the Organized Program to Initiate Lifesav-
ing Treatment in Hospitalized Patients with Heart Failure
(OPTIMIZE-HF) registry, including 48,162 HF patients,
19.7% of the patients had hyponatremia on admission
(serum sodium !135 mmol/L), and this was associated
with longer hospital stays and higher in-hospital and early
(60e90 days) postdischarge mortality rates (P ! .0001).7

Hyponatremia has been shown to be an independent prog-
nostic variable in many prognostic models.8e13 However,
with a few exceptions,9,13 studies regarding the prognostic
value of hyponatremia were based on patients hospitalized
for acute HF6e8 and/or on retrospective analyses of patients
included in randomized trials.10 The aim of the present
study has been to evaluate the prevalence of hyponatremia
and its association with long-term outcomes in a large co-
hort of consecutive patients with left ventricular (LV) sys-
tolic dysfunction and New York Heart Association
(NYHA) functional class II to IV, included in the Duke Da-
tabank for Cardiovascular Disease (DDCD).
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ischemic etiology and heart rate were strong predictors (P!
.0001 and P 5 .0007, respectively). Variables associated
with all-causemortality andwith the composite of cardiovas-
cular mortality or rehospitalization in hospitalized patients
with chronic HF are presented in Tables 3 and 4.

Discussion

Among our cohort of patients with chronic HF undergo-
ing cardiac catheterization, we found that w10% of pa-
tients had hyponatremia, similar to the data reported by
other studies.17 The analysis showed that the finding of hy-
ponatremia at a single measurement is associated with
a higher risk of major cardiovascular event in the short
term, and despite a progressive alignment of the curves,
this increased risk persists in the long term. In the present

study, hyponatremia was an important predictor of all-
cause mortality and cardiovascular mortality or
rehospitalization.

Patients with HF and hyponatremia are thought to have
a pathophysiologic profile that is different from that of
HF patients without hyponatremia, because it reflects
a greater activation of the renin-angiotensin-aldosterone
system, up-regulation of the sympathetic nervous system,
and excessive vasopressin release. Our data show a strong
association between hyponatremia and HF, and although
not definitely proven, there could conceivably be an ele-
ment of cause and effect. There are several possibilities
through which hyponatremia might be associated with
HF, including myocardial remodeling in response to exces-
sive water reabsorption expanding ventricular preload and
alterations in gap junction function owing to lower osmolal-
ity, or, possibly, hyponatremia might simply be a marker for
high vasopressin levels, which, through the stimulation of
V1a receptors, could alter outcomes in chronic HF.18,19 No-
tably, Feldman et al have recently demonstrated a role for
V1a-mediated signaling in the development of HF, which
supports a role for V1a blockade in the treatment of patients
with elevated levels of vasopressin.20,21 Therefore, hypona-
tremia seems to be mainly related to neurohormonal activa-
tion and renal function in patients with HF. Accordingly, we
also found that hyponatremia is related to the severity of
HF. Notably, these neurohormonal effects might be reduced
using ACE inhibitors; thus, although HF patients with hy-
ponatremia might initially have more hypotensive and azo-
temic effects in response to ACE inhibitors, they also have
significant improvement in cardiac index, LV filling pres-
sures, serum sodium, and survival compared with patients
without hyponatremia.22 Nevertheless, in the present study,
hyponatremic patients were significantly more likely to be
treated with ACE inhibitors compared with those who
were not hyponatremic.

Fig. 3. Kaplan-Meier (KM) curves showing the association be-
tween hyponatremia and cardiovascular death or rehospitalization.

Fig. 2. Kaplan-Meier (KM) curves showing the association be-
tween hyponatremia and all-cause death.

Fig. 4. Continuous linear inverse relationship between serum so-
dium and mortality. The dots represent the Kaplan-Meier estimate
of mortality at 4 years; the line represents the survival at 4 years
estimated with a Cox regression model with sodium as the only
predictor.
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The effect of medications such as diuretics in the patho-
genesis of hyponatremia also has been discussed, and in-
deed, in the present study hyponatremic patients were
more likely to be taking loop diuretics. These observations
may be related to the enhanced sodium excretion that oc-
curs with the use of diuretics, or the higher rate of use of
these drugs may reflect a greater severity of illness.
Although serum creatinine was no different between

hyponatremic and normonatremic patients, BUN was signif-
icantly higher in the hyponatremic group; this is due to the
increase of urea transporters and collecting duct reabsorption
secondary to increased vasopressin, which progressively
increase as HF worsens.23 In addition, hyponatremia has
been shown to impair cognition and even organic brain
syndrome, although we were not able to evaluate this in the
present study.
Regardless of mechanism, the association between

hyponatremia and outcomes in HF is well established but
complex. Our study demonstrates that hyponatremia is as-
sociated with an increased risk for all-cause mortality and
cardiovascular mortality or rehospitalization and that this
increased risk persists during at least the first 2e3 years
of follow-up. Thus, our results confirm and extend previous
findings showing that hyponatremia, detected by a single
measurement performed before cardiac catheterization,
and not due to HF decompensation, is associated with
a 45% increased risk of death or of cardiovascular death
or hospitalizations, and despite a progressive alignment of
the curves, this increased risk persists also during long-

term follow-up as well as after adjustment for other vari-
ables which influence survival in HF patients. Differing
from a previous study, which showed a curvilinear relation
between serum sodium and risk of death, with mortality in-
creasing also when serum sodium was O140 mmol/L,7 our
study shows a continuous linear inverse relationship be-
tween serum sodium and mortality. It is possible that these
differences are related to our less selected study population
including patients with mild HF.

The independent relationship between hyponatremia and
survival may suggest that the treatment of hyponatremia,
eg, by vasopressin antagonists, may have a favorable effect
on survival. However, it is also likely that hyponatremia
might be an epiphenomenon of a greater degree of severity
of HF, with such severity not detected by the other tradi-
tional variables collected in patients24; however, the effec-
tiveness of such treatment in reducing long-term adverse
outcomes in patients with systolic HF has not been
demonstrated.25

Risk assessment based on any single factor has limited
accuracy and reproducibility. Multivariable prognostic
models are important tools that can be used to estimate out-
comes, enhance compliance, and increase the use of life-
saving medications and devices.

Among the models we developed from this cohort, the
only one to predict all-cause mortality showed a sufficient
ability to discriminate the risk of events (c-index 5 0.71).
Compared with the models previously developed,8-11,26-28

this model is the one with the longest estimation of survival

Table 3. Multivariable Cox Model for All-Cause Death (N 5 1,045)

Parameter Comparison c2 P Value HR (95% CI)

Hyponatremia (!135 mmol/L) Yes vs no 5.89 .0153 1.42 (1.07e1.88)
Age 5-year increase 28.40 !.0001 1.14 (1.09e1.20)
BUN 5-unit increase 33.03 !.0001 1.13 (1.09e1.18)
CHF severity NYHA functional class IV vs II/III 6.68 .0097 1.31 (1.07e1.62)
No. of diseased vessels (1) 1 vessel vs 0 vessels 31.59 (3 df ) !.0001 1.78 (1.27e2.37)
No. of diseased vessels (2) 2 vessels vs 0 vessels 1.72 (1.26e2.37)
No. of diseased vessels (3) 3 vessels vs 0 vessels 2.21 (1.68e2.92)
Renal disease Yes vs no 7.63 .0058 2.42 (1.29e4.54)
Hemoglobin (11.5e14.0 g/dL) 1-unit increase 7.00 .0082 0.87 (0.79e0.97)
Peripheral Vascular Disease Yes vs No 6.84 .0089 1.51 (1.11e2.05)
Ejection fraction 5-unit increase 6.25 .0124 0.93 (0.87e0.98)

Abbreviations as in Tables 1 and 2. c-Index 5 0.71; corrected c-index 5 0.71; goodness-of-fit statistic: P 5 .40 (the model fits the data adequately).

Table 4. Multivariable Cox Model for Cardiovascular Death or Rehospitalization Derived on Imputed Datasets (N 5 1,045)

Parameter Comparison c2 P Value HR (95% CI)

Hyponatremia (!135 mmol/L) Yes vs no 8.81 .0030 1.45 (1.135e1.858)
Ejection fraction 5-unit increase 13.22 .0003 0.92 (0.88e0.96)
Heart rate 10-unit increase 7.62 .0058 0.94 (0.90e0.98)
Race (Black) Black vs White 21.55 (3 df ) !.0001 0.73 (0.61e0.88)
Race (Indian) Indian vs White 0.64 (0.46e0.90)
Race (Other) Other vs White 0.21 (0.07e0.66)
Prior CABG Yes vs no 4.51 .0338 1.25 (1.02e1.53)
Ischemic etiology Yes vs no 17.58 !.0001 1.48 (1.23e1.78)
Hemoglobin 5-unit increase 5.05 .0246 0.78 (0.63e0.97)
Hyperlipidemia Yes vs no 4.61 .0318 1.20 (1.02e1.41)

Abbreviations as in Tables 1 and 2. c-Index 5 0.62; corrected c-index 5 0.62; goodness-of-fit statistic: P 5 .55 (the model fits the data adequately).
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Relationship of serum sodium concentration
to mortality in a wide spectrum of heart failure
patients with preserved and with reduced
ejection fraction: an individual patient
data meta-analysis†
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Aims Hyponatraemia has been associated with reduced survival in patients with heart failure and reduced ejection fraction
(HF-REF). The relationship between serum sodium and outcome is unclear in heart failure with preserved (≥50%)
ejection fraction (HF-PEF). Therefore, we used a large individual patient data meta-analysis to study the risk of death
associated with hyponatraemia in HF-REF and in HF-PEF.

Methods
and results

This analysis included 14 766 patients from 22 studies that recruited patients without ejection fraction inclusion cri-
terion at baseline and reported death from any cause. Cox proportional analysis was undertaken for hyponatraemia
(sodium ,135 mmol/L), adjusted for variables of clinical relevance, and stratified by study. The endpoint was death
from any cause at 3 years. Patients with hyponatraemia (n ¼ 1618) and patients with normal serum sodium had
similar characteristics as regards to age, gender, and ischaemic aetiology. However, patients with hyponatraemia
had higher New York Heart Association class and lower blood pressure. At follow-up, there were 335 deaths
among 1618 patients with hyponatraemia (21%) and 2128 deaths among 13 148 patients with normal serum
sodium (16%). The risk of death appeared to increase linearly with serum sodium levels ,140 mmol/L. Hyponatrae-
mia was identified in 1199 HF-REF patients (11%) and 419 HF-PEF patients (11%). Hyponatraemia was independently
predictive of death in both HF-REF [adjusted hazard ratio (HR) 1.69, 95% confidence interval (CI) 1.50–1.91] and HF-
PEF (adjusted HR 1.40, 95% CI 1.10–1.79, P for interaction 0.20).

Conclusion Hyponatraemia is a powerful determinant of mortality in patients with HF regardless of ejection fraction. Further
work is needed to determine if correction of hyponatraemia translates into clinical benefit.
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Aims Hyponatraemia has been associated with reduced survival in patients with heart failure and reduced ejection fraction
(HF-REF). The relationship between serum sodium and outcome is unclear in heart failure with preserved (≥50%)
ejection fraction (HF-PEF). Therefore, we used a large individual patient data meta-analysis to study the risk of death
associated with hyponatraemia in HF-REF and in HF-PEF.

Methods
and results

This analysis included 14 766 patients from 22 studies that recruited patients without ejection fraction inclusion cri-
terion at baseline and reported death from any cause. Cox proportional analysis was undertaken for hyponatraemia
(sodium ,135 mmol/L), adjusted for variables of clinical relevance, and stratified by study. The endpoint was death
from any cause at 3 years. Patients with hyponatraemia (n ¼ 1618) and patients with normal serum sodium had
similar characteristics as regards to age, gender, and ischaemic aetiology. However, patients with hyponatraemia
had higher New York Heart Association class and lower blood pressure. At follow-up, there were 335 deaths
among 1618 patients with hyponatraemia (21%) and 2128 deaths among 13 148 patients with normal serum
sodium (16%). The risk of death appeared to increase linearly with serum sodium levels ,140 mmol/L. Hyponatrae-
mia was identified in 1199 HF-REF patients (11%) and 419 HF-PEF patients (11%). Hyponatraemia was independently
predictive of death in both HF-REF [adjusted hazard ratio (HR) 1.69, 95% confidence interval (CI) 1.50–1.91] and HF-
PEF (adjusted HR 1.40, 95% CI 1.10–1.79, P for interaction 0.20).

Conclusion Hyponatraemia is a powerful determinant of mortality in patients with HF regardless of ejection fraction. Further
work is needed to determine if correction of hyponatraemia translates into clinical benefit.
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Given the pathogenic role of AVP activation in HF, the thera-
peutic targeting of AVP action seems a logical approach. Several
AVP antagonists are available and have been tested in clinical

trials. Tolvaptan is a V2 receptor antagonist approved for the treat-
ment of clinically significant hypervolaemic and euvolaemic hypo-
natraemia (serum sodium ,125 mmol/L) in patients with
cirrhosis, HF, or syndrome of inappropriate antidiuretic
hormone. The SALT trials showed that tolvaptan increases
serum sodium and improves hyponatraemia-related symptoms
and quality of life in cases of hypervolaemic or euvolaemic hypona-
traemia.29 Although effective in reducing body weight, increasing
urine output, and reducing congestive symptoms, tolvaptan did
not reduce all-cause mortality, cardiovascular mortality, and HF
hospitalizations in the large Efficacy of Vasopressin Antagonism
in Heart Failure Outcome Study With Tolvaptan (EVEREST)
trial.17 Interestingly, patients included in EVEREST had extremely
high angiotensin-converting enzyme inhibitor and beta-blocker
prescription rates and only 8% had hyponatraemia (serum

Figure 2 Association between serum sodium concentration
and the risk of death from any cause at 3 years. Hazard ratio
(solid line) and 95% confidence intervals are estimated in a
Cox proportional hazards model using spline piecewise polyno-
mials with one knot at 135 mmol/L. The model is adjusted for
age, gender, ejection fraction group, hypertension, ischaemic aeti-
ology, diabetes mellitus, and atrial fibrillation, and stratified by
study.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Relative risk of all-cause death associated with
hyponatraemia (serum sodium concentration
<135 mmol/L)

n All-cause death,
HR (95% CI)

Overall
Model 1 14 766 1.64 (1.48–1.81)

Model 2a 14 766 1.64 (1.47–1.82)

Model 3a 11 954 1.60 (1.43–1.78)

Heart failure with reduced
ejection fraction

Model 1 11 029 1.72 (1.53–1.93)

Model 2 11 029 1.69 (1.50–1.91)

Model 3 8803 1.64 (1.45–1.86)

Heart failure with preserved
ejection fraction

Model 1 3737 1.36 (1.08–1.72)

Model 2 3737 1.40 (1.10–1.79)

Model 3 2988 1.35 (1.06–1.72)

Model 1: adjusted for age and gender.
Model 2: adjusted for age, gender, ischaemic aetiology, hypertension, diabetes
mellitus, atrial fibrillation, and stratified by study.
Model 3: adjusted for age, gender, ischaemic aetiology, hypertension, diabetes
mellitus, atrial fibrillation, estimated glomerular filtration rate, and stratified by
study.
CI, confidence interval; HR, hazard ratio.
aModels 2 and 3 in the overall cohort were also adjusted for left ventricular
ejection fraction (,50% and ≥50%).

Figure 3 Mortality for patients with HF-REF (heart failure with
reduced ejection fraction) and for patients with HF-PEF (heart
failure with preserved ejection fraction) according to the pres-
ence or absence of hyponatraemia. Adjusted for age, gender, aeti-
ology, hypertension, diabetes, and atrial fibrillation.

Figure 4 Adjusted hazard ratios comparing death from any
cause associated with hyponatraemia by groups of left ventricular
ejection fraction.
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or absence of hyponatraemia (defined as serum sodium concentra-
tion ,135 mmol/L) are described in Table 1. Patients with hypona-
traemia (n ¼ 1618) were older, more frequently had diabetes
mellitus and atrial fibrillation, and had worse clinical status
[greater New York Heart Association (NYHA) class, lower systolic
and diastolic blood pressure, and higher heart rate] than patients
without hyponatraemia (n ¼ 13 148) (Table 1). Mean LVEF was
similar in both groups. As regards to medical therapy, patients
with hyponatraemia were more often treated with diuretics,
whereas angiotensin-convering enzyme inhibitors/angiotensin re-
ceptor blockers and beta-blockers were prescribed more fre-
quently in patients with normal sodium levels (Table 1).
Information on prior revascularization was found in the overall
cohort in 10 964 patients (74%). Of these, 269 (21%) patients
with hyponatraemia had been previously revascularized and 2057
(21%) patients without hyponatraemia had been revascularized

Table 2 describes the baseline characteristics of patients with
low serum sodium compared with patients without hyponatrae-
mia, separately for the HF-PEF and HF-REF groups. HF-PEF
patients with hyponatraemia were older, had a more severe clinical
profile, and less angiotensin-convering enzyme inhibitor/angioten-
sin receptor blocker and beta-blocker therapy compared with
HF-PEF patients with normal sodium levels (Table 2). HF-REF
patients with low serum sodium concentration more often had dia-
betes and previous atrial fibrillation, lower LVEF, more severe

clinical forms of HF, and lower prescribed rates of evidence-based
HF drugs compared with HF-REF patients without hyponatraemia
(Table 2). The proportion of patients with hyponatraemia in the
two groups (HF-PEF and HF-REF) was identical: 11%.

Outcome
At follow-up, there were 335 deaths among 1618 patients (21%)
with hyponatraemia and 2128 deaths among 13 148 patients
(16%) without hyponatraemia. Median follow-up was 365 days
(IQR 91–1096) in the overall cohort, 198 days (IQR 86–1096)
in the HF-PEF group, and 365 days (IQR 94–1096) in the
HF-REF group.

When serum sodium concentration was analysed as a continu-
ous variable in the overall cohort, we found a linear increase in
the risk of all-cause mortality at 3 years at concentrations
,140 mmol/L, and a plateau at concentrations ≥ 140 mmol/L
(Figure 2).

In a Cox proportional hazard model adjusted for age and gender
(Table 3), patients with hyponatraemia were at higher risk of death
than patients with normal serum sodium [adjusted hazard ratio
(HR) 1.64, 95% CI 1.48–1.81], and this relationship was observed
for patients with HF-REF (adjusted HR 1.72, 95% CI 1.53–1.93),
and for patients with HF-PEF (adjusted HR 1.36, 95% CI 1.08–
1.72). There was no interaction between LVEF and outcome pre-
diction of hyponatraemia (P for interaction 0.20). After adjustment

Figure 1 Distribution of serum sodium concentration in patients with heart failure and reduced ejection fraction (HF-REF) and in patients
with heart failure and preserved ejection fraction (HF-PEF).

Meta-analysis of the relationship of serum sodium to mortality in HF patients 1141

 at U
niversity of A

rizona on N
ovem

ber 9, 2012
http://eurjhf.oxfordjournals.org/

D
ow

nloaded from
 

11%	

11%	

Given the pathogenic role of AVP activation in HF, the thera-
peutic targeting of AVP action seems a logical approach. Several
AVP antagonists are available and have been tested in clinical

trials. Tolvaptan is a V2 receptor antagonist approved for the treat-
ment of clinically significant hypervolaemic and euvolaemic hypo-
natraemia (serum sodium ,125 mmol/L) in patients with
cirrhosis, HF, or syndrome of inappropriate antidiuretic
hormone. The SALT trials showed that tolvaptan increases
serum sodium and improves hyponatraemia-related symptoms
and quality of life in cases of hypervolaemic or euvolaemic hypona-
traemia.29 Although effective in reducing body weight, increasing
urine output, and reducing congestive symptoms, tolvaptan did
not reduce all-cause mortality, cardiovascular mortality, and HF
hospitalizations in the large Efficacy of Vasopressin Antagonism
in Heart Failure Outcome Study With Tolvaptan (EVEREST)
trial.17 Interestingly, patients included in EVEREST had extremely
high angiotensin-converting enzyme inhibitor and beta-blocker
prescription rates and only 8% had hyponatraemia (serum

Figure 2 Association between serum sodium concentration
and the risk of death from any cause at 3 years. Hazard ratio
(solid line) and 95% confidence intervals are estimated in a
Cox proportional hazards model using spline piecewise polyno-
mials with one knot at 135 mmol/L. The model is adjusted for
age, gender, ejection fraction group, hypertension, ischaemic aeti-
ology, diabetes mellitus, and atrial fibrillation, and stratified by
study.
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Table 3 Relative risk of all-cause death associated with
hyponatraemia (serum sodium concentration
<135 mmol/L)

n All-cause death,
HR (95% CI)

Overall
Model 1 14 766 1.64 (1.48–1.81)

Model 2a 14 766 1.64 (1.47–1.82)

Model 3a 11 954 1.60 (1.43–1.78)

Heart failure with reduced
ejection fraction

Model 1 11 029 1.72 (1.53–1.93)

Model 2 11 029 1.69 (1.50–1.91)

Model 3 8803 1.64 (1.45–1.86)

Heart failure with preserved
ejection fraction

Model 1 3737 1.36 (1.08–1.72)

Model 2 3737 1.40 (1.10–1.79)

Model 3 2988 1.35 (1.06–1.72)

Model 1: adjusted for age and gender.
Model 2: adjusted for age, gender, ischaemic aetiology, hypertension, diabetes
mellitus, atrial fibrillation, and stratified by study.
Model 3: adjusted for age, gender, ischaemic aetiology, hypertension, diabetes
mellitus, atrial fibrillation, estimated glomerular filtration rate, and stratified by
study.
CI, confidence interval; HR, hazard ratio.
aModels 2 and 3 in the overall cohort were also adjusted for left ventricular
ejection fraction (,50% and ≥50%).

Figure 3 Mortality for patients with HF-REF (heart failure with
reduced ejection fraction) and for patients with HF-PEF (heart
failure with preserved ejection fraction) according to the pres-
ence or absence of hyponatraemia. Adjusted for age, gender, aeti-
ology, hypertension, diabetes, and atrial fibrillation.

Figure 4 Adjusted hazard ratios comparing death from any
cause associated with hyponatraemia by groups of left ventricular
ejection fraction.
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CLINICAL RESEARCH
Heart failure/cardiomyopathy

The MUSIC Risk score: a simple method
for predicting mortality in ambulatory
patients with chronic heart failure
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Aims The prognosis of chronic heart failure (CHF) is extremely variable, although generally poor. The purpose of this study
was to develop prognostic models for CHF patients.

Methods
and results

A cohort of 992 consecutive ambulatory CHF patients was prospectively followed for a median of 44 months. Multi-
variable Cox models were developed to predict all-cause mortality (n ¼ 267), cardiac mortality (primary end-point,
n ¼ 213), pump-failure death (n ¼ 123), and sudden death (n ¼ 90). The four final models included several combi-
nations of the same 10 independent predictors: prior atherosclerotic vascular event, left atrial size .26 mm/m2, ejec-
tion fraction !35%, atrial fibrillation, left bundle-branch block or intraventricular conduction delay, non-sustained
ventricular tachycardia and frequent ventricular premature beats, estimated glomerular filtration rate ,60 mL/
min/1.73 m2, hyponatremia !138 mEq/L, NT-proBNP .1.000 ng/L, and troponin-positive. On the basis of Cox
models, the MUSIC Risk scores were calculated. A cardiac mortality score .20 points identified a high-risk subgroup
with a four-fold cardiac mortality risk.

Conclusion A simple score with a limited number of non-invasive variables successfully predicted cardiac mortality in a real-life
cohort of CHF patients. The use of this model in clinical practice identifies a subgroup of high-risk patients that should
be closely managed.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Heart failure † Prognosis † Mortality † Natriuretic peptides

Introduction
Chronic heart failure (CHF) is a major public health problem, with
an increasing incidence and prevalence.1 –2 The likelihood of survi-
val may vary significantly among different subsets of patients with
CHF. Several prognostic multivariable models have been devel-
oped,3 –9 but all of them have some limitations for their use in
current clinical practice: they relied on either peak oxygen con-
sumption or invasive measures of cardiac function3 were validated
during a hospitalization for heart failure (HF)4– 6 or included only

patients with systolic dysfunction.7 Furthermore, most of these
models have not included a substantial proportion of patients
taking contemporary evidence-based treatments, including
angiotensin-converting enzyme (ACE)-inhibitors, beta-blockers,
spironolactone, and angiotensin-receptor blockers. Finally,
neither of the two recently reported models with participants
from clinical trials included determination of natriuretic peptides
nor Holter monitoring parameters.10,11

Current CHF guidelines prompted the development of newer
prognostic models due to the great treatment improvement

* Corresponding author. Tel: þ34 61 651 7871, Fax: þ34 95 626 6028, Email: plan@telefonica.net
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managed closely by specialized HF units, whereas most low-risk
patients require a less intensive follow-up.

Several prognostic CHF models have been published pre-
viously.3 –11 Among other aforementioned limitations, older
models3– 9 did not include a substantial number of patients with

optimized medical therapy according to current guidelines,1– 2

and/or were derived in hospitalized patients4– 6 and/or included
only patients with systolic dysfunction.7 More recently, the
Seattle Heart Failure Model (SHFM)10 and the CHARM-model11

have been developed in participants from clinical trials; these
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Table 4 Univariable and multivariable predictors of sudden cardiac death

Variable Univariable hazard
ratio (95% CI)

Wald x2 P-value Multivariable hazard
ratio (95% CI)

Beta coefficient Wald x2 P-value

Demographic and clinical variables

Prior AVE 2.05 (1.33–3.16) 10.6 0.001 2.15 (1.40–3.32) 0.767 12.1 0.001

Echocardiographic variables

LA size .26 mm/m2 3.61 (2.37–5.50) 35.7 ,0.0005 2.59 (1.65–4.06) 0.951 17.0 ,0.0005

LV end-diastolic diameter
!33 mm/m2

2.09 (1.36–3.22) 11.2 0.001

Grade 3 or 4 mitral
regurgitation

1.87 (1.09–3.21) 5.2 0.023

LVEF "35% 2.60 (1.63–4.14) 16.0 ,0.0005

Restrictive filling pattern 2.03 (1.10–3.73) 5.2 0.023

12-Lead ECG and 24-h Holter monitoring variables

Atrial fibrillation 1.64 (1.02–2.63) 4.2 0.042

LBBB or IVCD 2.34 (1.50–3.63) 14.1 ,0.0005 1.90 (1.21–2.99) 0.644 7.8 0.005

Non-sustained VT and frequent
VPBs

2.77 (1.83–4.19) 23.4 ,0.0005 1.89 (1.23–2.90) 0.635 8.4 0.004

Laboratory variables

eGFR ,60 mL/min/1.73 m2 1.81 (1.19–2.76) 7.7 0.006

NT-proBNP . 1.000 ng/L 0.34 (0.22–0.52) 23.4 ,0.0005 1.82 (1.14–2.92) 0.601 6.2 0.012

Troponin-positive 2.10 (1.31–3.38) 9.4 0.002

Abbreviations as in Table 1; P-values based on univariable and multivariable Cox proportional hazards models; multivariable predictors of mortality are represented in italic
typeface.

Figure 1 Risk scores for each type of mortality. This figure summarizes the independent predictors of the multivariable models shown in
Tables 2–4. Scores are calculated for each patient by adding together the points corresponding to his/her risk predictors. Scores .20 are
associated with high risk of mortality. Horizontal bars in the figure represent the relative weight of each predictor. Abbreviations as in Table 1.

Predicting mortality in CHF 1093



significant independent predictor of total medical costs at 6 mo
and 1 yr; however, 6-mo and 1-yr adjusted costs for patients
with hypernatremia were not significantly higher. In multiva-
riable analyses, hyponatremia was an independent predictor of
inpatient costs at both 6 mo (estimated change, 76.4%; 95%
confidence interval [CI], 55.0 to 100.7) and 1 yr (95.6%; 95%
CI, 73.3 to 120.8). Higher inpatient costs for patients with hy-
pernatremia were also significant at 6 mo (18.5%; 95% CI, 5.7
to 32.9) and 1 yr (14.7%; 95% CI, 2.4 to 28.5), although to a
much lesser degree.

The results were qualitatively unchanged following a sensi-
tivity analysis that included the truncation of costs. Excluding
patients who were censored at 365 d after the reference date,
unweighted multivariable analyses of 1-yr total medical costs

also yielded results that were qualitatively similar to those ob-
tained using weighted regression (data not shown). Finally,
after adding an indicator variable for the presence of claims for
drugs known to cause hyponatremia to the model, multivari-
able results for 6-mo (41.0%; 95% CI, 30.1 to 52.8) and 1-yr
costs (45.8%; 95% CI, 34.3 to 58.2) associated with hyponatre-
mia were essentially unchanged.

DISCUSSION

We examined the impact of abnormal serum sodium on 6-mo
and 1-yr direct medical costs using longitudinal data from the
Integrated HealthCare Information Services (IHCIS) National

Table 3. Mean resource use by serum sodium category

Resource Use
Serum Sodium Categorya

Hyponatremia Normal Hypernatremia

6 mo
medical costs, $ !mean (SD)" 11,078 (390) 5571 (34) 6491 (246)
inpatient costs only, $ !mean (SD)" 5853 (276) 2125 (24) 2969 (174)
inpatient discharges per 1000 patients (95% CI) 39.8 (36.7–42.9) 16.6 (16.4–16.9) 21.4 (19.4–23.4)

1 yr
medical costs, $ !mean (SD)" 19,215 (702) 9257 (62) 10,972 (443)
inpatient costs only, $ !mean (SD)" 10,636 (474) 3468 (42) 4734 (299)
inpatient discharges per 1000 patients (95% CI) 71.5 (66.4–76.7) 27.3 (26.8–27.7) 34.8 (31.5–38.0)

CI, confidence interval.
aP #0.001 for all comparisons.

Table 2. Distribution of study variables by serum sodium categorya

Variable

Serum Sodium Category

Pb Pc
Hyponatremia

(n ! 1274)
Normal

(n ! 162,829)
Hypernatremia

(n ! 3196)

Age, yr (mean $ SD) 64 $ 13.7 53 $ 14.9 59 $ 13.4 #0.001 #0.001
Female 845 (66.3) 92,137 (56.6) 1759 (55.0) #0.001 #0.001
Geographic region
Middle Atlantic 1079 (84.7) 145,040 (89.1) 2830 (88.5) #0.001 #0.001
other 195 (15.3) 17,789 (10.9) 366 (11.5) #0.001 #0.001

Underlying conditions and comorbidities
cerebrovascular disease 57 (4.5) 3630 (2.2) 87 (2.7) #0.001 0.003
chronic obstructive pulmonary disease 134 (10.5) 10,988 (6.7) 270 (8.4) #0.001 0.03
congestive heart failure 62 (4.9) 3227 (2.0) 102 (3.2) #0.001 0.007
coronary heart disease 175 (13.7) 15,798 (9.7) 404 (12.6) #0.001 0.32
dementia 4 (0.3) 226 (0.1) 8 (0.3) 0.07 0.71
diabetes mellitus 176 (13.8) 21,740 (13.4) 473 (14.8) 0.63 0.40
hypertension 551 (43.2) 44,050 (27.1) 1016 (31.8) #0.001 #0.001
kidney disease 14 (1.1) 1091 (0.7) 33 (1.0) 0.06 0.84
liver cirrhosis 0 (0.0) 1 (0.0) 0 (0.0) 0.93 —
metastatic carcinoma 32 (2.5) 2175 (1.3) 41 (1.3) #0.001 0.003
nephritis, nephrotic syndrome, and nephrosis 18 (1.4) 1531 (0.9) 44 (1.4) 0.08 0.93
peripheral vascular disease 45 (3.5) 2716 (1.7) 55 (1.7) #0.001 #0.001
rheumatic disease 40 (3.1) 4314 (2.6) 80 (2.5) 0.28 0.23
syndrome of inappropriate secretion of antidiuretic hormone 7 (0.5) 34 (0.0) 1 (0.0) #0.001 #0.001

Medications known to cause hyponatremia 121 (9.5) 10,924 (6.7) 200 (6.3) #0.001 #0.001
aValues are expressed as no. (%) unless otherwise indicated.
bP value for the comparison between patients with hyponatremia (serum sodium #135 mmol/L) and patients with normal serum sodium (135–145 mmol/L).
cP value for the comparison between patients with hypernatremia (serum sodium %145 mmol/L) and patients with normal serum sodium (135–145 mmol/L).
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ABSTRACT
An abnormal serum sodium level is the most common electrolyte disorder in the United States and can
have a significant impact on morbidity and mortality. The direct medical costs of abnormal serum sodium
levels are not well understood. The impact of hyponatremia and hypernatremia on 6-mo and 1-yr direct
medical costs was examined by analyzing data from the Integrated HealthCare Information Services
National Managed Care Benchmark Database. During the period analyzed, there were 1274 patients
(0.8%) with hyponatremia (serum sodium !135 mmol/L), 162,829 (97.3%) with normal serum sodium
levels, and 3196 (1.9%) with hypernatremia ("145 mmol/L). Controlling for age, sex, region, and
comorbidities, hyponatremia was a significant independent predictor of costs at 6 mo (41.2% increase in
costs; 95% confidence interval, 30.3% to 53.0%) and at 1 yr (45.7% increase; 95% confidence interval,
34.2% to 58.2%). Costs associated with hypernatremia were not significantly different from those
incurred by patients with normal serum sodium. In conclusion, hyponatremia is a significant independent
predictor of 6-mo and 1-yr direct medical costs.

J Am Soc Nephrol 19: 764–770, 2008. doi: 10.1681/ASN.2007070752

Abnormal serum sodium is the most common elec-
trolyte disorder in the United States. Estimates of
the prevalence of hyponatremia range from 1% in
general acute care populations1,2 to 18% among el-
derly nursing home residents3 and nearly 30% in
intensive care settings.4 Hypernatremia is less com-
mon, ranging from 0.3% to 8.9% in hospitalized
adults.5,6 Mild, chronic hyponatremia is often
asymptomatic; neurologic and gastrointestinal
symptoms generally increase as the condition wors-
ens.7 Hypernatremia may also be asymptomatic
until it exceeds a certain threshold, at which point
central nervous system dysfunction develops.8

However, hyponatremia and hypernatremia of all
severity levels have significant effects on morbidity
and mortality.

In a cohort of 4123 elderly patients, Terzian et
al.9 studied the relationship between hyponatremia
at the time of hospital admission and treatment
outcomes. After adjustment for age, sex, length of
stay, and several clinical factors, hyponatremia was
a significant independent predictor of mortality.

Similar results have been found for patients with
heart failure and myocardial infarction. In a study
of patients with suspected congestive heart failure at
admission, serum sodium !135 mmol/L was inde-
pendently associated with major complications
during hospitalization, greater length of stay,
higher hospital costs, and greater inpatient mortal-
ity.10 In a more recent trial, patients hospitalized for
worsening heart failure with hyponatremia at ad-
mission (serum sodium !135 mmol/L) experi-
enced significantly greater in-hospital and 60-d
mortality, compared with patients with normal or
high serum sodium.11 In patients with acute ST-
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ABSTRACT

Background: Hyponatremia, the most frequent
electrolyte derangement identified among hospitalized
patients, is associated with worsened outcomes
in patients with pneumonia, heart failure and other
disorders.

Research design and methods: We performed a
retrospective cohort study of hospitalized patients to
quantify the attributable influence of admission
hyponatremia on hospital costs and outcomes. Data
were derived from a large administrative database with
laboratory components, representing 198,281 discharges
from 39 US hospitals from January 2004 to December
2005. Hyponatremia was defined as admission serum
[Naþ]5135 mEq/L.

Results: The incidence of hyponatremia at admission
was 5.5% (n¼ 10,899). Patients with hyponatremia were
older (65.7# 19.6 vs. 61.5# 21.8, p50.001) and had a
higher Deyo-Charlson Comorbidity Index score (1.8# 2.1
vs. 1.3# 1.8, p50.001) than those with normal [Naþ].
A higher proportion of hyponatremic patients required
intensive care unit (ICU) (17.3% vs. 10.9%, p50.001) and

mechanical ventilation (MV) (5.0% vs. 2.8%, p50.001)
within 48 hours of hospitalization. Hospital mortality
(5.9% vs. 3.0%, p50.001), mean length of stay (HLOS,
8.6# 8.0 vs. 7.2# 8.2 days, p50.001) and costs
($16,502# $28,984 vs. $13,558# $24,640, p50.001)
were significantly greater among patients with hypona-
tremia than those without. After adjusting for confounders,
hyponatremia was independently associated with an
increased need for ICU (OR 1.64, 95% CI 1.56–1.73) and
MV (OR 1.68, 95% CI 1.53–1.84), and higher hospital
mortality (OR 1.55, 95% CI 1.42–1.69). Hyponatremia also
contributed an increase in HLOS of 1.0 day and total
hospital costs of $2,289.

Conclusions: Hyponatremia is common at admission
among hospitalized patients and is independently
associated with a 55% increase in the risk of death,
substantial hospital resource utilization and costs.
Potential for bias inherent in the retrospective cohort
design is the main limitation of our study. Studies are
warranted to explore how prompt normalization of [Naþ]
may impact these outcomes.

Address for correspondence: Marya Zilberberg, MD, EviMed Research Group, LLC, PO Box 303,
Goshen, MA 01032, USA. Tel.: þ1 413 268 3415; Fax: þ1 413 268 3416;
Marya@EviMedGroup.org

*The data in this paper were presented in part at the Annual Congress of the Society of Critical Care Medicine, February 2–6,
2008, Honolulu, HI, USA
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increase in hospital costs of over $3,480 in these
patients as well.

Thus, hyponatremia among hospitalized patients
carries important clinical and economic implications,
and this remains true for patients in and outside of the
ICU. Since hyponatremia itself is not usually the

primary reason for a hospital admission, but more
likely accompanies the primary diagnosis, it is critical
to understand how it may impact hospital course and
outcomes in those specific conditions. For example,
our data suggest that the most frequent diagnosis
encountered among patients with hyponatremia is

2.01.00.5

1.6 (1.6–1.7)  22 313

1.7 (1.5–1.8)  5859

1.5 (1.4–1.7) 6183

Decreased risk Increased risk

  OR 95%  CI n

ICU

MV

Mortality

Figure 1. Adjusted risk for hospital death, need for MV and need for ICU care among hyponatremic compared
to normonatremic patients.

Point estimates and 95% confidence intervals, depicting the individual contribution of hyponatremia to the respective outcomes,
were derived from logistic regression models utilizing hospital mortality, need for MV and need for ICU as dependent variables,

and adjusting for age, gender, race, region, teaching hospital, admission source, principal payer, and Deyo-CCI score

Table 4. Baseline characteristics and outcomes of patients requiring an ICU stay by hyponatremia status

Hyponatremia

present (n¼ 1,886)

Hyponatremia

absent (n¼ 20,427)

p value*

Baseline characteristics

Mean (SD) age (years) 62.5 (20.1) 61.8 (21.7) 0.963

Proportion male (%) 51.9 52.4 0.676

Proportion Caucasian (%) 85.4 83.8 0.076

Mean (SD) Deyo-CCI 1.9 (1.9) 1.6 (1.9) 50.001

Proportion in teaching hospitals 35.2 30.6 50.001

Outcomes

Hospital mortality (%) 12.2 8.3 50.001

Proportion on MV (%) 17.7 15.2 0.004

Mean (SD) ICU LOS (days) 6.1 (6.7) 5.5 (6.8) 50.001

Median (25–75 IQR) ICU LOS (days) 4 (3–7) 4 (2–6) 50.001

Mean (SD) HLOS (days) 10.9 (10.5) 10.3 (11.6) 50.001

Median (25–75 IQR) HLOS (days) 8 (5–13) 7 (4–12) 50.001

Mean (SD) hospital costs ($) $23,738 ($36,868) $22,498 ($33,313) 0.060

Median (25–75 IQR) hospital costs ($) $13,134 ($6,966–$26,296) $12,735 ($6,265–$25,357) 0.462

MV¼mechanical ventilation; ICU¼ intensive care unit; SD¼ standard deviation; HLOS¼hospital length of stay; IQR¼ inter-quartile
range
*p values obtained using Wilcoxon rank-sum test or Median score test for continuous variables, and chi-square test for categorical variables

! 2008 Informa UK - Curr Med Res Opin 2008; 24(06) Hyponatremia and hospital outcomes Zilberberg et al. 1605
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in ICU LOS, HLOS, and hospital costs noted in the
hyponatremic group compared to patients without
hyponatremia (Table 3).

When examined in a multivariable logistic regression
adjusted for confounders, hyponatremia was associated
with a 55% increase in hospital mortality (adjusted
odds ratio [OR] 1.55, 95% confidence interval [95%
CI] 1.42 to 1.69) (Figure 1). The adjusted risks of
the need for MV (OR 1.70, 95% CI 1.53 to 1.84) and
ICU (OR 1.60, 95% CI 1.56 to 1.73) were both
significantly elevated in the group with hyponatremia
(Figure 1). Hyponatremia was also found to contribute
on average 0.8 (p50.001) and 1.0 (p50.001)
days excess in the ICU and HLOS, respectively.

The adjusted incremental hospital cost associated
with hyponatremia was $2,289 (p50.001).

In the subgroup of patients requiring a stay in the
ICU (n¼ 22,313, 11.3%), the outcomes were similarly
worse among hyponatremic compared to normona-
tremic patients. Hyponatremia was associated with a
nearly 50% relative increase in the crude hospital
mortality (12.2% vs. 8.3%, p50.001), a significantly
increased risk of needing MV in the first 48 hours
(17.7% vs. 15.2%, p50.001), as well as an increase in
the hospital LOS (Table 4). Adjusting for covariates
did not substantially alter the relationship of hypona-
tremia to worsened outcomes in these patients
(Table 5, Figure 2).

Discussion

We have shown that hyponatremia is present at
admission in roughly one out of 20 hospitalized
patients, and it is independently associated with an
increase in hospital mortality, length of stay and costs.
Namely, we have demonstrated a 55% increase in
hospital mortality and a $2,289 rise in total costs
of an individual hospitalization attributable to
hyponatremia.

When focusing specifically on the ICU population,
where hyponatremia was twice as frequent as in the
overall hospital population (11.3%), its independent
association with worsened outcomes persisted. For
example, hyponatremic ICU patients were signifi-
cantly more likely to experience such dire clinical
outcome as hospital death, as well as to require
mechanical ventilation. With an average adjusted cost
of MV of $1,500 per day, this increased utilization
is likely to add substantially to the overall costs of
care5. In fact, hyponatremia was linked to a marginal

Table 3. Outcomes by hyponatremia status

Hyponatremia

present (n¼ 10,899)

Hyponatremia absent

(n¼ 187,382)

p value*

Hospital mortality (%) 5.9 3.0 50.001

Proportion on MV (%) 5.0 2.8 50.001

Proportion in ICU (%) 17.3 10.9 50.001

Mean (SD) HLOS (days) 8.6 (8.0) 7.2 (8.2) 50.001

Median (25–75 IQR) HLOS (days) 6 (4–10) 5 (3–9) 50.001

Mean (SD) hospital costs ($) $16,502 ($28,984) $13,558 ($24,640) 50.001

Median (25–75 IQR) hospital costs ($) $8,361 ($4,234 – $17,171) $6,628 ($3,240 –$14,340) 50.001

MV¼mechanical ventilation; ICU¼ intensive care unit; SD¼ standard deviation; HLOS¼hospital length of stay; IQR¼ inter-quartile
range
*p values obtained using Wilcoxon rank-sum test or Median score test for continuous variables, and chi-square test for categorical variables

Table 2. Ten most frequently encountered diagnoses*
among hospitalized patients with hyponatremia

Hyponatremia

present (n¼ 10,899)

486: Pneumonia, Organism

Unspecified

6.0%

038: Septicemia 5.5%

276: Disorders Of Fluid,

Electrolyte, And Acid-base

Balancey

5.3%

428: Heart Failure 5.3%

250: Diabetes Mellitus 5.0%

584: Acute Renal Failure 3.9%

410: Acute Myocardial Infarction 3.2%

996: Complications Peculiar To

Certain Specified Procedures

2.1%

518: Other Diseases Of Lung 2.0%

491: Chronic Bronchitis 1.8%

*3-digit primary ICD-9-CM discharge codes
yIncludes the 4-digit code for Hyponatremia (276.1)

1604 Hyponatremia and hospital outcomes ! 2008 Informa UK Ltd - Curr Med Res Opin 2008; 24(06)
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increase in hospital costs of over $3,480 in these
patients as well.

Thus, hyponatremia among hospitalized patients
carries important clinical and economic implications,
and this remains true for patients in and outside of the
ICU. Since hyponatremia itself is not usually the

primary reason for a hospital admission, but more
likely accompanies the primary diagnosis, it is critical
to understand how it may impact hospital course and
outcomes in those specific conditions. For example,
our data suggest that the most frequent diagnosis
encountered among patients with hyponatremia is

2.01.00.5

1.6 (1.6–1.7)  22 313

1.7 (1.5–1.8)  5859

1.5 (1.4–1.7) 6183

Decreased risk Increased risk

  OR 95%  CI n

ICU

MV

Mortality

Figure 1. Adjusted risk for hospital death, need for MV and need for ICU care among hyponatremic compared
to normonatremic patients.

Point estimates and 95% confidence intervals, depicting the individual contribution of hyponatremia to the respective outcomes,
were derived from logistic regression models utilizing hospital mortality, need for MV and need for ICU as dependent variables,

and adjusting for age, gender, race, region, teaching hospital, admission source, principal payer, and Deyo-CCI score

Table 4. Baseline characteristics and outcomes of patients requiring an ICU stay by hyponatremia status

Hyponatremia

present (n¼ 1,886)

Hyponatremia

absent (n¼ 20,427)

p value*

Baseline characteristics

Mean (SD) age (years) 62.5 (20.1) 61.8 (21.7) 0.963

Proportion male (%) 51.9 52.4 0.676

Proportion Caucasian (%) 85.4 83.8 0.076

Mean (SD) Deyo-CCI 1.9 (1.9) 1.6 (1.9) 50.001

Proportion in teaching hospitals 35.2 30.6 50.001

Outcomes

Hospital mortality (%) 12.2 8.3 50.001

Proportion on MV (%) 17.7 15.2 0.004

Mean (SD) ICU LOS (days) 6.1 (6.7) 5.5 (6.8) 50.001

Median (25–75 IQR) ICU LOS (days) 4 (3–7) 4 (2–6) 50.001

Mean (SD) HLOS (days) 10.9 (10.5) 10.3 (11.6) 50.001

Median (25–75 IQR) HLOS (days) 8 (5–13) 7 (4–12) 50.001

Mean (SD) hospital costs ($) $23,738 ($36,868) $22,498 ($33,313) 0.060

Median (25–75 IQR) hospital costs ($) $13,134 ($6,966–$26,296) $12,735 ($6,265–$25,357) 0.462

MV¼mechanical ventilation; ICU¼ intensive care unit; SD¼ standard deviation; HLOS¼hospital length of stay; IQR¼ inter-quartile
range
*p values obtained using Wilcoxon rank-sum test or Median score test for continuous variables, and chi-square test for categorical variables
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increase in hospital costs of over $3,480 in these
patients as well.

Thus, hyponatremia among hospitalized patients
carries important clinical and economic implications,
and this remains true for patients in and outside of the
ICU. Since hyponatremia itself is not usually the

primary reason for a hospital admission, but more
likely accompanies the primary diagnosis, it is critical
to understand how it may impact hospital course and
outcomes in those specific conditions. For example,
our data suggest that the most frequent diagnosis
encountered among patients with hyponatremia is

2.01.00.5

1.6 (1.6–1.7)  22 313

1.7 (1.5–1.8)  5859

1.5 (1.4–1.7) 6183
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  OR 95%  CI n
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Figure 1. Adjusted risk for hospital death, need for MV and need for ICU care among hyponatremic compared
to normonatremic patients.

Point estimates and 95% confidence intervals, depicting the individual contribution of hyponatremia to the respective outcomes,
were derived from logistic regression models utilizing hospital mortality, need for MV and need for ICU as dependent variables,

and adjusting for age, gender, race, region, teaching hospital, admission source, principal payer, and Deyo-CCI score

Table 4. Baseline characteristics and outcomes of patients requiring an ICU stay by hyponatremia status

Hyponatremia

present (n¼ 1,886)

Hyponatremia

absent (n¼ 20,427)

p value*

Baseline characteristics

Mean (SD) age (years) 62.5 (20.1) 61.8 (21.7) 0.963

Proportion male (%) 51.9 52.4 0.676

Proportion Caucasian (%) 85.4 83.8 0.076

Mean (SD) Deyo-CCI 1.9 (1.9) 1.6 (1.9) 50.001

Proportion in teaching hospitals 35.2 30.6 50.001

Outcomes

Hospital mortality (%) 12.2 8.3 50.001

Proportion on MV (%) 17.7 15.2 0.004

Mean (SD) ICU LOS (days) 6.1 (6.7) 5.5 (6.8) 50.001

Median (25–75 IQR) ICU LOS (days) 4 (3–7) 4 (2–6) 50.001

Mean (SD) HLOS (days) 10.9 (10.5) 10.3 (11.6) 50.001

Median (25–75 IQR) HLOS (days) 8 (5–13) 7 (4–12) 50.001

Mean (SD) hospital costs ($) $23,738 ($36,868) $22,498 ($33,313) 0.060

Median (25–75 IQR) hospital costs ($) $13,134 ($6,966–$26,296) $12,735 ($6,265–$25,357) 0.462

MV¼mechanical ventilation; ICU¼ intensive care unit; SD¼ standard deviation; HLOS¼hospital length of stay; IQR¼ inter-quartile
range
*p values obtained using Wilcoxon rank-sum test or Median score test for continuous variables, and chi-square test for categorical variables
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after discharge were recorded. Among laboratory tests, white blood
cell count, haemoglobin (Hb)/haematocrit, platelet count, blood
urea nitrogen (BUN), creatinine (Cr), glucose, cholesterol, triglycer-
ide, high density lipoprotein-cholesterol, arterial blood gas analysis,
Na, K, C-reactive protein (CRP), Creatine Kinase-MB (CK-MB),
Troponin-I (TnI), Troponin-T (TnT), B-type natriuretic peptide
(BNP), N-terminal pro B-type natriuretic peptide (NT-proBNP)
levels measured at admission and Na, K, Hb, BUN, NT-proBNP
measured at discharge were collected for the registry. Blood sam-
pling and tests were conducted as routine practice by laboratories
at each centre certified by The Korean Association of Quality
Assurance for Clinical Laboratory. Na is routinely measured by the
Ion-specific electrodes method. Data were collected at each site by
a trained study coordinator using a standardised case report form
and entered into the KorHF Registry database via a web-based elec-
tronic data capture system that included an electronic case report
form. Data collection and audition were performed by the KorHF
Registry Steering Committee at The Korean Society of HF.

Statistical analysis
Primary endpoint was composite of death or rehospitalisation for HF
aggravation. Group comparisons were based on one-way Analysis of
variance (ANOVA), Student’s t test and the χ2 test as appropriate.
Kaplan-Meier survival curves were performed to represent outcomes.
After checking the violation of proportional hazard assumption,
predictors of endpoint were identified using univariate and
multivariate Cox proportional hazard model. Candidate inde-
pendent variables included age, gender, previous HF history, sys-
tolic blood pressure (SBP) at admission, diastolic blood pressure
(DBP) at admission, heart rate (HR) at admission, body mass
index (BMI) at admission, Hb at admission and discharge, left
ventricular ejection fraction (LVEF) at admission, BUN at admis-
sion and discharge, Cr at admission, NT-ProBNP at admission,
ischaemia as an aetiology of HF, use of parenteral diuretics, use
of inotropics, blood transfusion. The continuous variables have
been converted as binary variables and the cut-off value for
binary conversion is described in table 2. The variables signifi-
cant in univariate Cox hazard model (p<0.05) were included as
confounding variables in multivariate analysis. Because of multi-
collinearity problem, variables either at admission or at discharge
were included in multivariate analysis.

Propensity score for hyponatraemia improvement was
computed by non-parsimonious logistic regression model
(c-statistics=0.740). We confirmed the model reliability with a

goodness-of-fit test (p=0.7480) and then performed 1 : 1 match
iteration by propensity score. A total of 134 patients were
matched. The baseline covariables were compared in this
matched population with paired t test, WilCoxon signed rank
test and McNemar ’s test. Cox regression analysis was performed
to estimate the HR and the 95% CI. Propensity matching was
performed using SAS V.9.2 (ASA Institute, Cary, North Carolina,
USA), forest plot using Comprehensive Meta Analysis, and the
other analyses using the PASW Statistics V.18.0 statistical soft-
ware (SPSS Inc.). The statistical analysis was supported by pro-
fessional statistical counsel, Medical Research Collaborating
Centre of Seoul National University Hospital.

RESULTS
Baseline characteristics
The KorHF Registry database includes 3200 patients hospita-
lised for AHF at 24 centres in Korea. Na concentration at
admission was available in 2888 patients (90.3%) and these
patients were included in this analysis (figure 1).
Hyponatraemia was present in 575 patients (19.9%) while 2313
patients had normal Na concentration (80.1%) at admission.
Among them, 75 (13.0%) and 128 (5.5%) inhospital mortality
occurred, respectively (χ2=40.0923, p<0.001). Among 497
patients with hyponatraemia at admission who survived
during hospitalisation, Na concentration at discharge was avail-
able for 464 patients (93.4%) and hyponatraemia was normal-
ised in 274 (55.1%) patients at discharge while it persisted in
190 (38.2%) patients. Patients were categorised as ‘normona-
traemia’ if their Na concentration was no less than 135 mEq/l
at admission, ‘improved hyponatraemia’ if their Na concentra-
tion was less than 135 mmol/l at admission and no less than
135 mmol/l at discharge, and ‘persistent hyponatraemia’ if
their Na concentration was less than 135 mmol/l both at
admission and discharge. The difference in baseline characteris-
tics was described in table 1. There were significant differences
in age, BMI, SBP and DBP at admission, Hb at admission and
discharge, BUN at admission and discharge, Cr at admission,
Na at admission and discharge, NT-proBNP at admission, previ-
ous HF history, and use of inotropics among the three groups.
However, between the persistent hyponatraemia group and the
improved hyponatraemia group, only Na at admission and dis-
charge, BUN at discharge and previous HF history were signifi-
cantly different.

Figure 1 Study population diagram.
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Persistent hyponatraemia had significantly higher risk for the
composite endpoint of death or re-admission even after adjust-
ment of other risk factors (compared with normonatraemia,
HR 1.345, 95% CI 1.075 to 1.683, p=0.010, table 2, figure 2).
In addition, previous HF history, parenteral use of diuretics,
age, BMI, DBP at admission, Cr at admission, NT-proBNP, Hb
at discharge and BUN at discharge were strongly associated
with composite endpoint of death or re-admission in multivari-
ate analysis (table 2). Improved hyponatraemia was signifi-
cantly associated with death (compared with normonatraemia,
HR 1.385, 95% CI 1.029 to 1.865, p=0.032), but not with com-
posite endpoint of death or rehospitalisation in multivariate
analysis (compared with normonatraemia, HR 1.044, 95% CI
0.846 to 1.289, p=0.686, table 2).

Hyponatraemia improvement and postdischarge clinical
outcomes in patients with hyponatraemia at admission
To evaluate whether hyponatraemia improvement during hos-
pitalisation is related with an improved postdischarge clinical
outcome, we used univariate and multivariate Cox proportional
hazard models in patients with hyponatraemia at admission
and compared the outcome of those with improved hypona-
traemia and those with persistent hyponatraemia. Among
patients with hyponatraemia at admission, age, HF history,
parenteral use of diuretics, BUN at discharge, and hyponatrae-
mia improvement were significantly associated with the com-
posite endpoint of death or rehospitalisation in univariate
analysis (etable 3). However, in multivariate analysis, hypona-
traemia improvement was not associated with composite end-
point, while BUN at discharge, HF history, age, and parenteral
use of diuretics were still significantly associated with the com-
posite endpoint (table 3). Since there was a significant

interaction between BUN at discharge and hyponatraemia
improvement, we performed multivariate analysis in subgroups
of patients with BUN>24 (mg/dl). In subgroups of patients
with BUN>24, improved hyponatraemia was associated with
better clinical outcome (HR 0.578, 95% CI 0.389 to 0.859,
p=0.007), while in subgroups of patients with BUN≤24,
improved hyponatraemia was not significantly associated with
the composite endpoint (HR 1.125, 95% CI 0.732 to 1.729,
p=0.592) (table 4, figure 3).

To validate the association between improvement of hypona-
traemia at discharge and the composite endpoint, we per-
formed further evaluations by propensity score matching
between the improved hyponatraemia group and the persistent
hyponatraemia group. Age, BMI, HF history, Hb at admission,
BUN at admission and discharge, Cr at admission, Na at admis-
sion, NT-proBNP, LVEF, parenteral use of diuretics were
included as matching variables. Sixty-seven patients in each
group were selected (total 134 patients) and there was no sig-
nificant difference in those variables after matching (etable 4).

Figure 2 Kaplan-Meier survival curve
of admission-free survival according to
Na status at admission and discharge.

Table 3 Multivariate Cox proportional hazard model for composite
endpoint in patients with hyponatraemia at admission

HR 95% CI p Value

Improved hyponatraemia 1.084 0.709 to 1.659 0.709
BUN at discharge, mg/dl 2.052 1.336 to 3.152 0.001
Previous heart failure history 1.705 1.280 to 2.271 <0.001
Age, years 1.477 1.100 to 1984 0.009
Parenteral use of diuretics 1.655 1.178 to 2.326 0.004
Improved hyponatraemia* BUN at discharge 0.554 0.311 to 0.988 0.045

Cut-off value for binary conversion; age by 70; BUN by 24.
*Indicates interaction between two variables.
BUN, blood urea nitrogen.
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Between the two groups, there was no significant difference in
relative risk for the composite endpoint of death or rehospitali-
sation due to HF (improved hyponatraemia compared with per-
sistent hyponatraemia, HR 1.111, 95% CI 0.588 to 2.100,
p=0.746, figure 4).

DISCUSSION
Prognostic significance of hyponatraemia improvement in AHF
The most important question that has not yet been answered
regarding hyponatraemia in AHF is whether the improvement
of hyponatraemia is associated with improved clinical out-
comes. This question is also related to whether hyponatraemia
has a pathogenic role in HF and whether hyponatraemia itself
should be treated to improve clinical outcomes. The Evaluation
Study of Congestive Heart Failure and Pulmonary Artery
Catheterization Effectiveness trial (ESCAPE trial) failed to
show statistically significant difference in postdischarge
outcome between those with persistent hyponatraemia and
those with improved hyponatraemia.21 In the post hoc analysis
of the Outcomes of a Prospective Trial of Intravenous
Milrinone for Exacerbations of Chronic Heart Failure (OTIME-
CHF) trial, in which the association between Na level and
inhospital and 60-day mortality was analysed, the group with
improved hyponatraemia at discharge had a trend towards
lower mortality (10.7% vs 17.2%) as compared to those with
persistent hyponatraemia, though the difference was not statis-
tically significant even in univariate analysis.12 While both

studies had a problem of small sample size so that we could
not draw a conclusion, the large sample size of our study
allowed us to conduct a more thorough analysis on association
between hyponatraemia improvement and postdischarge
outcome. This analysis provided the first evidence that
improvement of hyponatraemia during hospitalisation was not
significantly associated with better postdischarge outcome
either on multivariate analysis or on propensity score matched
analysis, while hyponatraemia at admission was associated
with worse postdischarge clinical outcome compared with nor-
monatraemia on multivariate analysis in agreement with
several previous studies (HR for composite endpoint 1.186, 95%
CI 1.011 to 1.391, p=0.036; HR for death 1.567, 95% CI 1.244
to 1.973, p<0.001).9 16 22 This result suggests that hyponatrae-
mia at admission in patients with AHF is associated with a
worse prognosis as compared with normonatraemia, irrespect-
ive of whether hyponatraemia improves during hospitalisation.

Recently, an interesting study on this subject was reported by
Madan et al.23 They analysed 322 patients hospitalised with
AHF and hyponatraemia. Following hospital discharge, they
recorded the first Na level obtained within a 60–270 day period,
classified the patients into three groups based on the change of
serum level relative to the baseline value; increased (≥2 mmol/l),
decreased (≤2 mmol/l) or remained unchanged (±1 mmol/l),
and demonstrated that those patients with increased Na levels
were independently associated with decreased mortality during
a median follow-up of 1.7 years. However, they also described
that Na level change from hospital admission to discharge was
not a predictor of mortality without showing the data.
Although the discrepancy between their study and ours may be
simply due to the different study designs and analysis methods,
it can be also interpreted as the different effect of short-term
and long-term hyponatraemia improvement on clinical outcome
in patients admitted for AHF. In our registry, we had post-
discharge 30-day follow-up Na levels in limited numbers of
patients, which showed that Na level is vulnerable to change
just after discharge; hyponatraemia was developed in 20 patients
among 121 patients with normonatraemia, and hyponatraemia
was normalised in 43 patients among 91 patients with hypona-
traemia at discharge. This suggests that short-term improve-
ment of hyponatraemia cannot be associated with better
prognosis in patients with AHF and therapeutic interventions to
correct hyponatraemia in AHF might also need long-term treat-
ment to change hard endpoints.

Figure 3 Multivariate analysis for
admission-free survival according to
hyponatraemia improvement in
subgroups—Forest plot.

Table 4 Multivariate analysis for composite endpoint in patients with
hyponatraemia at admission according to BUN level

HR 95% CI p Value

BUN>24 mg/dl at discharge
Improved hyponatraemia 0.578 0.389 to 0.859 0.007
Previous heart failure history 1.529 1.030 to 2.271 0.035
Age, years 1.602 1.051 to 2.442 0.029
Parenteral use of diuretics 1.284 0.793 to 2.079 0.31

BUN≤24 at discharge
Improved hyponatraemia 1.125 0.732 to 1.729 0.592
Previous heart failure history 1.969 1.301 to 2.979 0.001
Age 1.398 0.918 to 2.128 0.118
Parenteral use of diuretics 2.022 1.253 to 3.264 0.004

Cut-off value for binary conversion; age by 70; BUN by 24.
BUN, blood urea nitrogen.
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EDITORIAL COMMENT

Blood Urea Nitrogen
A Marker for Adverse Effects
of Loop Diuretics?*

JoAnn Lindenfeld, MD,† Robert W. Schrier, MD‡

Aurora, Colorado

Loop diuretics are used in patients with heart failure (HF)
to relieve symptoms of systemic and pulmonary venous
congestion. Despite their nearly universal use for this
indication, loop diuretics have not been shown to improve
survival—indeed, a number of recent studies suggest an
adverse relationship between the use of loop diuretics and
survival (1–3). This is plausible because loop diuretics block
sodium chloride absorption at the macula densa in the thick
ascending limb of the loop of Henle, activating the renin-
angiotensin-aldosterone system (RAAS) and potentially
exacerbating HF (4). Few data exist to inform providers
how to use loop diuretics to provide the greatest symptom-
atic benefit with the least adverse effect. In this issue of the
Journal, Testani et al. (5) have provided insight into this

See page 375

difficult therapeutic dilemma. They analyzed data from the
BEST (Beta-Blocker Evaluation of Survival Trial) to deter-
mine whether the blood urea nitrogen (BUN), used as a
surrogate marker of neurohormonal activation, might iden-
tify patients most likely to have adverse effects from high-
dose loop diuretics (HDLDs). The BEST was a National
Heart, Lung, and Blood Institute–sponsored multicenter,
randomized, placebo-controlled trial comparing a beta-
adrenergic blocker, bucindolol, with placebo in patients
with New York Heart Association functional class III or IV
heart failure, a left ventricular ejection fraction of !35%,
and who were taking an angiotensin-converting enzyme
inhibitor for "1 month (6). The BEST did not demonstrate
a beneficial effect of bucindolol for the primary endpoint of
all-cause mortality, so all subjects could be combined for this
analysis. Testani et al. (5) showed that HDLDs (defined as

a furosemide equivalent of "160 mg/day) compared with
low-dose loop diuretics (LDLDs) were not associated with
an adverse effect on mortality in the overall BEST popula-
tion. However, with correction for baseline characteristics,
HDLDs were associated with an adverse effect on mortality
in subjects with a BUN above the median (21 mg/dl), but a
beneficial effect on mortality in patients with a lower BUN.
The authors postulate that in the HF patients with the
higher BUN, neurohormonal activation with an HDLD
was greater than the withdrawal of neurohormonal activa-
tion resulting from decongestion, thus leading to a poorer
survival. In contrast, the balance in neurohormonal activation
with HDLDs and neurohormonal withdrawal was favorably
altered in the low BUN group, leading to improved survival.
This is an intriguing and novel hypothesis. Several important
concepts underlie the premise of this study including the
relationship of serum creatinine and BUN to the glomerular
filtration rate (GFR) and the complex relationship between
sodium and water reabsorption, urea reabsorption, and neuro-
hormonal activation in HF patients.

Serum creatinine has generally been used clinically to
estimate renal function in HF. Serum creatinine is freely
filtered at the glomerulus and not reabsorbed. However,
creatinine undergoes tubular secretion, and thus creatinine
clearance overestimates inulin clearance, the gold standard
for GFR (7). Likewise, because blood urea levels are affected
by protein intake, catabolism, and tubular reabsorption,
BUN is not as reliable a marker of renal function as the
GFR. However, based on the kidney’s handling of urea,
BUN more closely reflects neurohormonal activation than
changes in creatinine or the GFR (8). Urea is freely filtered
at the glomerlus and is not secreted, but is reabsorbed in
both the proximal and distal renal tubules. Urea reabsorp-
tion in the collecting duct is flow dependent so that more
urea is reabsorbed as urine flow rates decrease (7) (Fig. 1).
Accordingly, an elevation in BUN is a sign of severe HF and
has been shown to be a better prognosticator of mortality
and rehospitalization than serum creatinine in several recent
HF studies (9–13).

The complex relationship between sodium and water
reabsorption, neurohormonal activation, and BUN in pa-
tients with HF is outlined in Figure 2. Initially, HF causes
low cardiac output and arterial underfilling, which unloads
the arterial baroreceptors and results in activation of both
the sympathetic nervous system (SNS) and the RAAS (14).
RAAS activation increases sodium and water reabsorption
throughout the nephron by activation of the proximal
tubular sodium-hydrogen exchanger and sodium-bicarbonate
cotransporter and in the distal tubule and collecting ducts
through the sodium-chloride cotransporter and sodium
epithelial channels, respectively (15). Increased SNS activity
increases proximal tubular sodium transport by stimulation
of #-adrenergic receptors, an effect independent of the GFR
(16). There is significant crosstalk between these systems.
Angiotensin II stimulates SNS activity, which activates the
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RAAS by a direct effect on !-adrenergic receptors in the
juxtaglomerular apparatus (15,17). Moreover, arterial un-
derfilling stimulates arterial baroreceptor-mediated nonos-

motic arginine vasopressin (AVP) release, which causes further
solute-free water retention (17,18). Increased tubular reabsorp-
tion of sodium and water may elevate right atrial pressure with
an increase in renal venous and interstitial pressures and further
activation of the RAAS that, in turn, activates the SNS (19–21).

As with sodium and water reabsorption, increased reabsorp-
tion of urea in HF patients results from several different
mechanisms. Reabsorption of sodium and water in the proxi-
mal tubule leads to an increase in urea concentration, promot-
ing the passive reabsorption of urea. AVP secretion increases
urea reabsorption via the urea transporter in the inner medul-
lary collecting duct (18). As HF progresses, AVP-mediated
up-regulation of the renal urea transporters serves to increase
urea reabsorption in excess of any decrement in the GFR (18).
Proximal tubular sodium and water reabsorption and AVP-
stimulated water absorption in the distal tubule slow urine
flow, further increasing the reabsorption of urea (19). Thus, it
is reasonable to suggest that HF patients with an elevated
BUN have a higher level of neurohormonal activation than
those with a lower BUN. Certainly if HDLD are detrimental
in patients with a high BUN and more neurohormonal activation,
this high-risk group might be targeted for alternative methods of
sodium and water removal such as ultrafiltration that may not lead
to additional neurohormonal activation (22,23).

Although this use of BUN is a novel and intriguing
concept, this study is a first step that will require prospective
validation. HDLDs may cause more neurohormonal acti-

Figure 1 Tubular Urea Reabsorption and
Flow Dependence of Urea Clearance

Inulin is freely filtered at the glomerulus and is neither secreted nor reab-
sorbed; thus, inulin clearance is the gold standard for the glomerular filtration
rate. Creatinine is also freely filtered and not reabsorbed, but creatinine is
secreted in the distal nephron, so creatinine clearance exceeds inulin clear-
ance. Urea is freely filtered and not secreted but undergoes reabsorption in the
distal nephron. Reabsorption of urea is flow dependent, so that more urea is reab-
sorbed at lower urine flow rates. Thus, high blood urea nitrogen is a marker for
more severe heart failure. Reprinted, with permission, from Berl et al. (7).

Figure 2 Interactions Between Neurohormonal Activation, Renal Function, and Absorption of Urea

Heart failure causes arterial underfilling, which results in neurohormonal activation including activation of the sympathetic nervous system (SNS), the renin-angiotensin-
aldosterone system (RAAS), and nonosmotic arginine vasopressin (AVP) release. SNS and RAAS activation cause increased reabsorption of sodium and water in the
proximal tubule, leading to increased proximal tubular urea concentration and decreased urine flow in the collecting duct with both resulting in increased urea reabsorp-
tion. AVP also stimulates urea reabsorption in the collecting duct. The increased reabsorption of sodium and water leads to increased right atrial pressure and renal
interstitial pressure, which further activates the RAAS. BUN ! blood urea nitrogen.
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Prognostic significance of improved hyponatraemia
discriminated by BUN level
Our data identified predischarge high BUN level as a strong
independent risk-factor for long-term postdischarge prognosis
and revealed a significant interaction between predischarge
BUN level and improvement of hyponatraemia. In the overall
population, improvement of hyponatraemia during hospitalisa-
tion was not significantly associated with improved post-
discharge outcome in multivariate analysis; however, in the
patient with a higher BUN level, improved hyponatraemia had
a significant association with better postdischarge outcome,
which persisted after controlling confounding factors. In con-
trast, there was no significant association between hyponatrae-
mia improvement and postdischarge outcome in patients with
lower BUN level. Neurohormonal activation in HF contributes
to the maladaptive changes underlying left ventricular dysfunc-
tion and remodelling, drives a pathophysiological vicious cycle
and results in poor outcome.24 25 Recently, an elevated BUN
level in HF is considered as a surrogate for the neurohormonal
activation.26 27 In this regard, our result may imply that hypo-
natraemia, an indicator of free water excess, might have a
pathogenic role only in high neurohormonal activation condi-
tion and, thus, its improvement only in this condition may
have clinical significance. This result suggests that in those
patients with high BUN at discharge, improved or persistent
hyponatraemia can be used as a predictor of postdischarge clin-
ical outcome and a criterion for intensive postdischarge care.

Persistent hyponatraemia as a predictor of poor postdischarge
prognosis in AHF
Even though most patients hospitalised for AHF experience
improvement during hospitalisation, mortality and rehospitali-
sation rates remain as high as 15% and 30% respectively, within
60–90 days post discharge.28 Therefore, it has been recently sug-
gested that achieving symptomatic relief during hospitalisation

is no longer sufficient for discharge and that identifying those at
high risk and giving them more intensive predischarge interven-
tion and postdischarge care is necessary.29 30 Our study identifies
persistent hyponatraemia during hospitalisation as a strong risk
factor of poor postdischarge clinical outcome. The patients with
persistent hyponatraemia had a higher risk of death and the
composite of death or rehospitalisation than patients with nor-
monatraemia even after adjustment of other risk factors.
Especially the HR for death was highest in the patients with
persistent hyponatraemia. The analysis of the ESCAPE trial of
433 HF patients, where 103 patients (23.8%) had hyponatraemia
at admission and 71 (68.9%) of these patients had persistent
hyponatraemia, also demonstrated that persistent hyponatrae-
mia is an independent predictor of postdischarge clinical
outcome, despite clinical and hemodynamic improvements that
were similar to those in patients without hyponatraemia.21

However, the follow-up duration was up to 180 days and there
was a limitation in generalisation since only the patients who
have participated in randomised controlled trial with New York
Heart Association class IV HF due to systolic dysfunction
(LVEF<30%) were included and the sample size was small. By
contrast, our registry was a large, nationwide and multicenter
registry of consecutive patients hospitalised due to AHF regard-
less of symptom severity and systolic LV function, which pro-
vides strength in generalisation of the results. In addition the
outcomes were recorded for up to a year after discharge, which
is uncommon among previous AHF registries. Therefore, our
study confirms persistent hyponatraemia as a predictor of post-
discharge clinical outcome of AHF in a more generalised popula-
tion and long-term duration.

Study limitations
Several limitations of our study should be considered. This is
an analysis of a prospective cohort study, albeit a large one,
rather than a randomised trial, and so confounding factors that

Figure 4 Kaplan-Meier survival curve
of admission-free survival according to
hyponatraemia improvement in patients
matched for propensity score.
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ABSTRACT

Although hyponatremia is a common, usually mild, and relatively asymptomatic disorder of electrolytes,
acute severe hyponatremia can cause substantial morbidity and mortality, particularly in patients with
concomitant disease. In addition, overly rapid correction of chronic hyponatremia can cause severe
neurologic deficits and death, and optimal treatment strategies for such cases are not established. An expert
panel assessed the potential contributions of aquaretic nonpeptide small-molecule arginine vasopressin
receptor (AVPR) antagonists to hyponatremia therapies. This review presents their conclusions, including
identification of appropriate treatment populations and possible future indications for aquaretic AVPR
antagonists. © 2007 Elsevier Inc. All rights reserved.

KEYWORDS: Antidiuretic hormone; Aquaretics; Hypo-osmolality; Natriuresis; Syndrome of inappropriate antidi-
uretic hormone secretion; Vasopressin

Hyponatremia is the most common disorder of electrolytes
encountered in clinical practice, occurring in up to 15% to 30%
of� both� acutely� and� chronically� hospitalized� patients.1� Al-
though most cases are mild and relatively asymptomatic, hy-
ponatremia is important clinically because: (1) acute severe
hyponatremia can cause substantial morbidity and mortality;
(2) mortality is higher in patients with hyponatremia who have
a wide range of underlying diseases; and (3) overly rapid
correction of chronic hyponatremia can cause severe neuro-
logic deficits and death.

Despite knowledge of hyponatremia since the mid-20th
century, this common disorder remains incompletely under-
stood in many basic areas because of its association with a
plethora of underlying disease states, and its multiple etiol-
ogies� with� differing� pathophysiologic� mechanisms.2� Opti-
mal treatment strategies have not been well defined, both for

these reasons and because of marked differences in symp-
tomatology and clinical outcomes based on the acuteness or
chronicity�of�the�hyponatremia.3

Vasopressin receptor antagonists have long been antici-
pated as a more effective method to treat hyponatremia by
virtue of their unique aquaretic effect to selectively increase
solute-free� water� excretion� by� the� kidneys.4� The� recent
approval of the first such agent, conivaptan, for clinical use
by the US Food and Drug Administration (FDA) heralds the
beginning of a new era in the management of hyponatremic
disorders. However, effective therapy with these agents will
require intelligent guidelines for their use. To this end, a
panel of experts in hyponatremia convened to review cur-
rent therapies for hyponatremia and to evaluate the situa-
tions in which aquaretic agents should be considered as
alternatives or supplements to accepted current therapies.
This review is a summary of the conclusions of this panel.

ROLE OF VASOPRESSIN IN HYPONATREMIA
Most hyponatremic states are characterized by inappropri-
ately elevated plasma levels of arginine vasopressin
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Review
continued

Table 4. Practical Therapeutic Approach to Hyponatremia in HF

Establish the diagnosis of HF-related hypervolemic hyponatremia via
history, physical exam, and laboratory studies; rule out noncardiac
causes (eg, hyperglycemia,medications, and diarrhea).

Limit Na-free fluid intake (replace IV medication carriers to isotonic
Na-containing solution in the inpatient setting).

Prescribe IV loop diuretics with close monitoring of serum Na (can be
accompanied by simultaneous administration of hypertonic or
isotonic saline solution in selected patients under supervision of
an experienced physician).

Prescribe oral or IV VRAwith close monitoring of serum Na to avoid
rapid increase in serum Na and overcorrection.

Institute RRT (eg, hemodialysis), especially in patients with
concomitant severe renal dysfunction.

Abbreviations: HF, heart failure; IV, intravenous; Na, sodium; RRT, renal
replacement therapy; VRA, vasopressin receptor antagonist.

encountered, it is necessary first to rule out noncardiac
causes such as medications (eg, selective serotonin
reuptake inhibitors), laxativeuse or diarrhea, and syndrome
of inappropriate secretion of ADH (eg, postoperative pain
and nausea). The diagnostic approach to hyponatremia is
out of the scope of this article. Once the diagnosis of HF-
associated hypervolemic hyponatremia is established, fluid
restriction can be recommended, especially if there is a
suspicion of excessive intake of solute-free water. The next
step would be instauration of loop diuretic therapy while
closely monitoring serum Na levels. A subset of patients
with HF presents with diuretic resistance, a term that is
commonly used but still lacks a widely accepted definition.
Strategies available to enhance diuretic responsiveness
in hospitalized patients include progressive escalation of
the dose, use of IV route, and infusion rather than
bolus administration. These strategies ideally should be
tried before a patient without sufficient increase in urine
output can be considered resistant to diuretics. In case
of suspicion for ‘‘hypovolemic’’ HF-related hyponatremia
based on the history and laboratory results (eg, low urine
Na concentration despite use of diuretics in a patient
with severe diarrhea and hypotension), isotonic IV solution
alone or in combination with a loop diuretic can be used
to simultaneously replenish intravascular volume while
increasing free water clearance. It is important to note
that administration of isotonic fluid alone to a hyponatremic
patient with high urine osmolality can paradoxically reduce
serum Na levels in the presence of inappropriately elevated
AVP levels. If hyponatremia does not improve despite
therapy, cautious use of VRA is indicated. Rapid rise in

serum Na level and overcorrection are potential adverse
consequences, although they have not been reported
in clinical trials. In cases of concomitant severe renal
dysfunction and refractory volume overload, extracorporeal
therapy such as hemodialysis using low-concentration Na
dialysate (to avoid rapid correction) is indicated. However,
volume overload or other indications in these severe cases
frequently mandate use of dialytic therapy even before
serum Na reaches a critically low level. While ultrafiltration
is efficient at rapid removal of fluid and improvement
in congestive symptoms, it cannot treat hyponatremia; a
renal-replacement therapy technique using exchange or
substitution fluid (eg, hemodialysis) is needed for this
purpose.37 The therapeutic approach to hyponatremia in
HF is summarized in Table 4.
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Many	physicians	have	reserva1ons	about	using	loop	
diure1cs	 in	 the	 se@ng	 of	 HF-associated	
hyponatremia,	 with	 the	 fear	 of	 further	 decreasing	
serum	 Na	 levels.	 Although	 Na	 excre1on	 leads	 to	 a	
reduc1on	 in	 total	 body	 Na	 content,	 the	 urine	
produced	by	loop	diure1cs	is	hypotonic	and	contains	
only	about	60mEq/L	Na.		
Therefore,	 while	 decreasing	 both	 total	 body	 water	
volume	 and	 Na	 content,	 the	 net	 effect	 of	 loop	
diure1cs	on	fluid	and	electrolyte	balance	is	expected	
to	be	a	gradual	increase	in	serum	Na	concentra1ons.		



are characterized by an increased risk for neurologic 
complications following rapid correction of  hyponatre-
mia[19-24]. The mortality rates associated with hyponatre-
mia range from 5% to 50% depending on severity and 
acuity of  onset[25].

Heart failure is a disabling and growing disease as-
sociated with high morbidity and mortality rates and with 
annually increasing costs[26-29]. Hyponatremia is often 
encountered in patients with heart failure[30-33]. In a study 
of  our group, 33.7% of  patients with congestive heart 
failure had hyponatremia, which was the most common 
electrolyte abnormality in the study population[34]. Aim 
of  the present review is to demonstrate the mechanisms 
relating heart failure and hyponatremia, to present the as-
sociation of  hyponatremia with the progress of  disease 
and morbidity/mortality in heart failure patients and to 
describe treatment options focusing on the role of  argi-
nine-vasopressin (AVP)-receptor antagonists.

A PubMed/Scopus search was performed up to June 
2013 using combinations of  “heart failure” with the fol-
lowing keywords: sodium, hyponatremia, vasopressin, al-
dosterone, diuretics, morbidity, mortality, hospital stay, wa-
ter restriction, vaptans, vasopressin-receptor antagonists, 
tolvaptan, conivaptan, lixivaptan, electrolyte. Randomised 
controlled trials, original papers, review articles and case 
reports are included in the present review. References of  
these articles were scrutinised for relevant articles.

MECHANISMS OF HYPONATREMIA IN 
PATIENTS WITH HEART FAILURE
Neurohormonal mechanisms
Many factors are implicated in the pathogenesis of  hy-
ponatremia in patients with heart failure (Figure 1)[6]. 
Heart failure reduces cardiac output and results in arterial 
underfilling, which induces the activation of  the sympa-

thetic nervous system (SNS). This leads to peripheral and 
renal vasoconstriction and decreases glomerular filtration 
rate, effects that combined with arterial underfilling result 
in increased reabsorption of  sodium and water and in-
duce the activation of  the renin-angiotensin-aldosterone 
system (RAAS)[31,32,35]. The subsequent increase of  angi-
otensin Ⅱ results in peripheral and renal vasoconstriction 
and induces aldosterone release from the adrenal gland 
causing further sodium retention[36-43]. Arterial underfill-
ing and the activation of  both SNS and RAAS lead to 
increased release of  AVP. Angiotensin Ⅱ also stimulates 
the thirst center of  the brain and increases water intake 
and the release of  AVP[44-46]. AVP binds to the vasopres-
sin-2 (V2) receptor subtype and increases the number of  
aquaporin-2 water channels, leading to increased perme-
ability of  water in the collecting duct and enhanced free 
water retention[47-50]. Aquaporin water channels consist of  
six membrane-spanning domains that form water chan-
nels within collecting duct membranes[50-52].

In agreement with the above mechanisms patients 
with heart failure and hyponatremia have higher levels of  
plasma renin, angiotensin Ⅱ, aldosterone, epinephrine, 
norepinephrine, and dopamine compared with patients 
with normal sodium levels[40,53,54]. It has been shown that 
heart failure patients exhibit increased AVP production 
and generally a dysregulation of  AVP characterised by 
an elevation of  its levels despite the presence of  volume 
overload, atrial distension and low plasma osmolality[55-61]. 
Furthermore, the urinary excretion of  aquaporin-2 is 
increased in heart failure patients with elevated AVP[48]. 
Notably, the elevated plasma AVP levels are not appro-
priately reduced even with acute water loading in hypo-
natremic patients with advanced heart failure[62]. These 
observations led to the hypothesis that hyponatremia may 
be a marker of  neurohormonal activation that reflects the 
severity of  heart failure[63].

AVP plays an important role in the development of  
hyponatremia in heart failure but unfortunately it cannot 
reliably determined by the current laboratory methods. 
Copeptin, the C-terminal part of  the AVP precursor 
peptide, is secreted in an equimolar ratio to AVP and is 
a sensitive and stable surrogate marker for its release[64]. 
Copeptin levels have been used as a prognostic marker 
in patients with acute diseases such as lower respiratory 
tract infection, heart disease and stroke. Copeptin is also 
a promising marker in the differential diagnosis of  hypo-
natremia[64]. In a study plasma copeptin and N-terminal 
pro-B-type natriuretic peptide were evaluated in 340 
patients with left ventricular systolic dysfunction, who 
were divided into 3 groups according to copeptin tertiles 
and followed for 55 mo[65]. Copeptin, although it did not 
predict the future development of  hyponatremia, was a 
significant predictor of  hospitalization or death (HR = 
1.4, 95%CI: 1.1-1.9, P < 0.019) even after adjustment for 
plasma sodium, loop diuretic dose, and N-terminal pro-
B-type natriuretic peptide levels[65]. However, a second-
ary analysis of  three prospective studies of  patients with 
lower respiratory tract infections and acute cerebrovascu-
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Figure 1  Mechanisms of hyponatremia in patients with heart failure. 
RAAS: Renin-angiotensin-aldosterone system; AVP: Arginine-vasopressin.
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Background—In patients with heart failure (HF), increased arginine vasopressin concentrations are associated with more
severe disease, making arginine vasopressin an attractive target for therapy. However, AVP is difficult to measure due
to its in vitro instability and rapid clearance. Copeptin, the C-terminal segment of preprovasopressin, is a stable and
reliable surrogate biomarker for serum arginine vasopressin concentrations.

Methods and Results—The Biomarkers in Acute Heart Failure (BACH) trial was a 15-center, diagnostic and prognostic
study of 1641 patients with acute dyspnea; 557 patients with acute HF were included in this analysis. Copeptin and other
biomarker measurements were performed by a core laboratory at the University of Maryland. Patients were followed
for up to 90 days after initial evaluation for the primary end point of all-cause mortality, HF-related readmissions, and
HF-related emergency department visits. Patients with copeptin concentrations in the highest quartile had increased
90-day mortality (P!0.001; hazard ratio, 3.85). Mortality was significantly increased in patients with elevated copeptin
and hyponatremia (P!0.001; hazard ratio, 7.36). Combined end points of mortality, readmissions, and emergency
department visits were significantly increased in patients with elevated copeptin. There was no correlation between
copeptin and sodium (r"0.047).

Conclusions—This study showed significantly increased 90-day mortality, readmissions, and emergency department visits in
patients with elevated copeptin, especially in those with hyponatremia. Copeptin was highly prognostic for 90-day adverse
events in patients with acute HF, adding prognostic value to clinical predictors, ser um sodium, and natriuretic peptides.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00537628.(Circ Heart Fail. 2011;4:613-620.)
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Heart failure (HF) is a major and growing public health
issue in the United States.1

Accurate prognostic evaluation can help to identify high-
risk individuals who would benefit from closer follow-up and
more intensive intervention. The Biomarkers in Acute Heart

Failure (BACH) trial was a multinational study of 1641 patients
who presented to the emergency department (ED) with acute
dyspnea. In the primary analysis of BACH, midregion prohor-
mone adrenomedullin was shown to be highly prognostic in
patients with acute HF.2 The secondary goal of the study was to
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of 90-day mortality and HF-related readmission (149 events),
compared with the elevated sodium and low copeptin sub-
group, the elevated sodium and elevated copeptin subgroup
and the low sodium and elevated copeptin subgroup both had
increased event rates (P!0.027, HR, 1.520 and P"0.001,
HR, 4.264, respectively). For the composite end point of
mortality, HF-related readmission and HF-related ED visit
(172 events), significantly increased event rates were again
seen in the elevated sodium and elevated copeptin subgroup
and the low sodium and elevated copeptin subgroup
(P!0.0499, HR, 1.405 and P"0.001, HR, 3.871, respec-
tively) (Table 5).

When sodium was added to a model including BMI,
systolic BP, and NT-proBNP, the incremental !2 was 6.260
(P!0.012). When copeptin was added to the same model, the
incremental !2 was 4.13 (P!0.042). The C-statistic for the
model including BMI, systolic BP, and NT-proBNP was
0.720 (95% confidence interval [CI], 0.651 to 0.789). Adding
both sodium and copeptin to the model raised the C-statistic
to 0.751 (95% CI, 0.684 to 0.817). Furthermore, when
copeptin was added to NT-proBNP for the mortality end
point, the net reclassification improvement (NRI) was 11.2%
(P!0.096). When copeptin was added to sodium for the
mortality end point, the NRI was 27.4% (P"0.001). When
both sodium and copeptin was added to NT-proBNP for the
mortality end point, the NRI was 32.7% (P"0.001).

Discussion
This current study was the first large-scale investigation to
evaluate the prognostic potential of copeptin in patients with
acute HF. This study demonstrated that elevated copeptin
concentrations were associated with increased 90-day mor-
tality, HF-related readmissions, and HF-related ED visits in
patients with acute HF, highlighting the prognostic utility of
copeptin. For the prediction of 90-day mortality in patients
with acute HF, copeptin was comparable to NT-proBNP and
added incremental predictive value to clinical predictors of
mortality. Although there were large variations in the copep-
tin and sodium concentrations in this study, we found that
sodium and copeptin were independent predictors of mortal-
ity with additive prognostic value. Patients with elevated
copeptin concentrations had significantly increased risk for
90-day mortality and adverse outcomes, especially in those
with concurrent hyponatremia.

Prior studies have shown that AVP was a major contributor
to hyponatremia and that hyponatremia was associated with
poor prognosis in Patients with HF.5,6 Although AVP was a
major contributor to hyponatremia, there was no correlation
between sodium and copeptin concentrations in our acute HF
population. This observation was noted in previous studies as
well.5 The lack of correlation between sodium and copeptin
concentrations in our study might be due to the complex
interactions of various pathophysiological processes and

Figure 4. Receiver operating characteristic for N-terminal pro-B-
type natriuretic peptide (NT-proBNP), copeptin, sodium, and
B-type natriuretic peptide (BNP).

Table 4. Multivariate Analysis by Cox Model for the End Point of Mortality With
Parameters Including Significant Clinical and Laboratory Predictors of Mortality,
With Sodium, Copeptin, and NT pro-BNP by Cut-Point

Parameter
Hazard
Ratio

95% CI
Lower

95% CI
Lower P Value

Systolic blood pressure, mm Hg 0.987 0.978 0.996 0.005

Body mass index, kg/m2 0.935 0.886 0.986 0.014

Sodium by cut-point, 135 mEq/L 2.133 1.180 3.855 0.012

Copeptin by cut-point, 38.5 pmol/L 2.014 1.065 3.810 0.031

NT-pro-BNP cut-point, 6305 ng/L 1.695 0.887 3.240 0.111

Log creatinine, mg/dL 1.423 0.396 5.110 0.589

CI indicates confidence interval.

Figure 5. Survival by copeptin median and sodium cut-point of
135 mEq/L.

618 Circ Heart Fail September 2011

 at University of Oregon on June 18, 2015http://circheartfailure.ahajournals.org/Downloaded from 

						

Maisel	A	et	al.	Circ	Heart	Fail	2011;4:613-620	

of 90-day mortality and HF-related readmission (149 events),
compared with the elevated sodium and low copeptin sub-
group, the elevated sodium and elevated copeptin subgroup
and the low sodium and elevated copeptin subgroup both had
increased event rates (P!0.027, HR, 1.520 and P"0.001,
HR, 4.264, respectively). For the composite end point of
mortality, HF-related readmission and HF-related ED visit
(172 events), significantly increased event rates were again
seen in the elevated sodium and elevated copeptin subgroup
and the low sodium and elevated copeptin subgroup
(P!0.0499, HR, 1.405 and P"0.001, HR, 3.871, respec-
tively) (Table 5).

When sodium was added to a model including BMI,
systolic BP, and NT-proBNP, the incremental !2 was 6.260
(P!0.012). When copeptin was added to the same model, the
incremental !2 was 4.13 (P!0.042). The C-statistic for the
model including BMI, systolic BP, and NT-proBNP was
0.720 (95% confidence interval [CI], 0.651 to 0.789). Adding
both sodium and copeptin to the model raised the C-statistic
to 0.751 (95% CI, 0.684 to 0.817). Furthermore, when
copeptin was added to NT-proBNP for the mortality end
point, the net reclassification improvement (NRI) was 11.2%
(P!0.096). When copeptin was added to sodium for the
mortality end point, the NRI was 27.4% (P"0.001). When
both sodium and copeptin was added to NT-proBNP for the
mortality end point, the NRI was 32.7% (P"0.001).

Discussion
This current study was the first large-scale investigation to
evaluate the prognostic potential of copeptin in patients with
acute HF. This study demonstrated that elevated copeptin
concentrations were associated with increased 90-day mor-
tality, HF-related readmissions, and HF-related ED visits in
patients with acute HF, highlighting the prognostic utility of
copeptin. For the prediction of 90-day mortality in patients
with acute HF, copeptin was comparable to NT-proBNP and
added incremental predictive value to clinical predictors of
mortality. Although there were large variations in the copep-
tin and sodium concentrations in this study, we found that
sodium and copeptin were independent predictors of mortal-
ity with additive prognostic value. Patients with elevated
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How	to	treat	
-	newer	management	strategies	-	

Ø  Vasopressin	 receptor	 antagonists	 (VRA),	 also	 called	
aquare1cs	or	vaptans,	represent	the	emerging	strategy	
for	treatment	of	HF-associated	hyponatremia	

Ø  Three	 types	 of	 vasopressin	 receptors	 have	 been	
iden1fied	with	dis1nct	func1ons:	V1a,	V1b	(V3),	and	V2	

Ø  Vasopressin	 increases	blood	volume	and	decreases	Na	
concentra1on	 by	 promo1ng	 free	 water	 reten1on	
through	the	V2	receptors	on	principal	cells	of	the	renal	
cor1cal	collec1ng	ducts	

Ø  VRA,	originally	used	for	the	correc1on	of	hyponatremia	
in	 the	 context	 of	 SIADH	 secre1on	 or	 cirrhosis,	 are	
poten1ally	 capable	 of	 ameliora1ng	 fluid	 overload	 and	
hyponatremia	 in	 HF	 pa1ents	 through	 excre1on	 of	
electrolyte-free	water		

Ø  The	VRA	 that	 have	 been	most	 extensively	 studied	 are	
the	 selec1ve	 V2	 receptor	 antagonists	 tolvaptan	 and	
lixivaptan,	 in	 addi1on	 to	 the	 dual	 V1a/V2	 receptor	
antagonist	conivaptan		

volume in ADHF, fuel nonosmotic AVP release, as well
as thirst and thus free water intake (20). Importantly,
they also increase the sensitivity of osmotic AVP
release (Figure 2A). Indeed, compared with healthy
volunteers, ADHF patients show a more pronounced
increase in plasma AVP levels with osmotic loading
(21). In contrast to this osmotic AVP release, which
increases linearly and with very small changes in
serum osmolality, nonosmotic AVP release is expo-
nential (Figure 2B). Thus, isotonic plasma volume
reductions of 5% to 10% will have little effect on AVP
secretion, whereas reductions of 20% to 30%,

resulting in baroreceptor activation and angiotensin
II stimulation, may cause plasma levels many times
higher than necessary to produce maximal anti-
diuresis (50 to 100 pg/ml) (22). Importantly, at these
high levels, AVP has potent V1a -mediated vasocon-
strictor effects that may contribute to hemodynamic
deterioration in ADHF (23).
Insufficient tubular flow through diluting segments
of the distal nephron. Healthy kidneys are able
to dilute urine to an osmolality as low as 30 to 60
mOsm/l, w5- to 10-fold lower than serum osmolality
(24). However, micropuncture studies have demon-
strated that tubular fluid osmolality is quite similar
(w150 mOsm/l) at the level of the macula densa dur-
ing antidiuresis versus water diuresis (25). Thus,
urine dilution depends heavily on the tubular func-
tion of more distal parts of the nephron (i.e., distal
convoluted tubules and collecting ducts). Free water
excretion is achieved by these segments through
continued solute reabsorption, primarily through the
thiazide-sensitive Naþ/chloride cotransporter and
aldosterone-sensitive epithelial sodium channels
(ENaCs), in the presence of low water permeability
(24,26). Importantly, less sodium is reabsorbed by
ENaCs in conditions of low tubular flow, irrespective
of aldosterone levels (27). Consequently, if more so-
dium is retained in the tubular lumen, free water
excretion is restricted. The ability of the kidneys to
excrete free water is, therefore, directly dependent
on: 1) the amount of tubular fluid offered to the distal
nephron; and 2) the relatively low water permeability
of this segment, which can only be overcome
by insertion of aquaporin-2 channels through AVP
stimulation. For instance, a healthy person with a
glomerular filtration rate (GFR) of 180 l/day
(125 ml/min), of which 10% reaches the distal convo-
luted tubules and with total AVP suppression, would
be able to drink w18 l (10% of 180 l) over the course of
a day without developing hyponatremia (Figure 3A).
Yet, with the GFR lowered to 43.2 l/day (30 ml/min),
and only 5% distal tubular flow because of increased
proximal reabsorption in ADHF, maximal water
intake without hyponatremia development would
be decreased tremendously to 2.16 l/day (5%
of 43.2 l/day) (28,29). The latter is even an over-
estimate, as it presumes that water permeability in
the distal nephron is as low as with total AVP sup-
pression, which is clearly not the case in ADHF
(Figure 3B). An intriguing study by Bell et al. (30)
further supports the concept of decreased distal
nephron flow in AHDF. In this study, free water
excretion was increased in ADHF patients with
hyponatremia after infusion of 5% mannitol, an os-
motic diuretic that enhances tubular flow through the

FIGURE 1 Effects of AVP in the Nephron
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V2-receptor effects: The primary effect of AVP on water homeostasis is mediated through
stimulation of high-affinity V2 receptors, already with small increases in plasma levels (9).
V2-receptor stimulation in collecting duct cells results in increased production of AP2
channels and facilitates recruitment of these channels on the luminal membrane, which
otherwise has low water permeability (10). Subsequently, water reabsorption is promoted
as the renal interstitium is hypertonic and the basolateral membrane of collecting duct
cells is highly permeable to water. Hypertonicity in the renal interstitium is accomplished
through solute reabsorption in parts of the nephron that have relatively low water
permeability, that is, sodium and chloride transport in the TAL and urea reabsorption in the
medullary part of the collecting ducts through UT-A1 transporters.
V1a-receptor effects: At high plasma levels, AVP further stimulates hypertonicity in the
renal interstitium, and hence water reabsorption, through activation of the low-affinity V1a

receptor. First, this promotes both hepatic urea production and UT-A1 transport in the
medullary part of the collecting ducts, resulting in higher urea concentrations and a
stronger osmotic gradient in the renal interstitium. Furthermore, V1a receptor stimulation
causes vasoconstriction in the vasa recta, preventing wash-out of solutes from the renal
medulla (12,13). On the other hand, V1a receptor stimulation in collecting duct cells also
promotes prostaglandin synthesis. Prostaglandins counteract the effects of V2 by impeding
AP2 recruitment in these collecting duct cells (14). This somewhat preserves the diluting
capacity of the distal nephron, even when AVP levels are high because of neurohumoral
activation and nonosmotic AVP release. AP2 ¼ aquaporin-2; AVP ¼ arginine vasopressin;
TAL ¼ thick ascending limb of Henle’s loop.
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HOSPITALIZATIONS FOR HEART
failure are common in the
United States. The most re-
cent data from the National

Hospital Discharge Survey indicate
995000 discharges for heart failure in
2001, at a rate of 35.1 per 10000 pa-
tients.1 These patients commonly have
a history of progressive volume reten-
tion manifested by an increase in body
weight, leading to worsening symp-
toms requiring hospitalization.2,3 Phar-
macological management of systemic
congestion in heart failure is often in-
adequate; in spite of a transient symp-
tomatic improvement, the 6-month post-

discharge readmission rates are as high
as 50%.4,5 Although non–potassium-
sparing diuretics are the mainstay
therapy for congestion, their use is of-
ten associated with hypotension, elec-
trolyte abnormalities, worsening renal
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Context Nearly 1 million hospitalizations for chronic heart failure occur yearly in the
United States, with most related to worsening systemic congestion. Diuretic use, the
mainstay therapy for congestion, is associated with electrolyte abnormalities and wors-
ening renal function. In contrast to diuretics, the vasopressin antagonist tolvaptan may
increase net volume loss in heart failure without adversely affecting electrolytes and
renal function.

Objective To evaluate the short- and intermediate-term effects of tolvaptan in pa-
tients hospitalized with heart failure.

Design, Setting, and Participants Randomized, double-blind, placebo-
controlled, parallel-group, dose-ranging, phase 2 trial conducted at 45 centers in the
United States and Argentina and enrolling 319 patients with left ventricular ejection
fraction of less than 40% and hospitalized for heart failure with persistent signs and
symptoms of systemic congestion despite standard therapy.

Intervention After admission, patients were randomized to receive 30, 60, or 90
mg/d of oral tolvaptan or placebo in addition to standard therapy, including diuretics.
The study drug was continued for up to 60 days.

Main Outcome Measures In-hospital outcome was change in body weight at 24
hours after randomization; outpatient outcome was worsening heart failure (defined
as death, hospitalization, or unscheduled visits for heart failure) at 60 days after ran-
domization.

Results Median (interquartile range) body weight at 24 hours after randomization
decreased by −1.80 (−3.85 to −0.50), −2.10 (−3.10 to −0.85), −2.05 (−2.80 to −0.60),
and −0.60 (−1.60 to 0.00) kg in the groups receiving tolvaptan 30, 60, and 90 mg/d,
and placebo, respectively (P!.008 for all tolvaptan groups vs placebo). The decrease
in body weight with tolvaptan was not associated with changes in heart rate or blood
pressure, nor did it result in hypokalemia or worsening renal function. There were no
differences in worsening heart failure at 60 days between the tolvaptan and placebo
groups (P = .88 for trend). In post hoc analysis, 60-day mortality was lower in tolvaptan-
treated patients with renal dysfunction or severe systemic congestion.

Conclusion Tolvaptan administered in addition to standard therapy may hold prom-
ise for management of systemic congestion in patients hospitalized for heart failure.
JAMA. 2004;291:1963-1971 www.jama.com
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In the ACTIV in CHF trial (JAMA, 2004) 
tolvaptan administration (30 mg/d; 60 mg/d; 
90 mg/d) in hospitalized patients with HFrEF 
(n = 319) resulted in a significant decrease in 
body weight at 24h without any changes in 
heart rate or blood pressure or increase in the 
rates of  hypokalemia or worsening renal 
function (vs placebo, on top standard medical 
therapy)	

(!1.3 mg/dL [114.9 µmol/L] and 1.2
mg/dL [106.1 µmol/L] in men and
women, respectively) were present in
38%, 40%, 36%, and 44% of patients in
the tolvaptan 30, 60, and 90 mg and the
placebo groups, respectively; abnor-
mal baseline levels of blood urea nitro-
gen (BUN) (!29 mg/dL) were present
in 53%, 46%, 54% and 61% of patients
in the tolvaptan 30, 60, and 90 mg and
the placebo groups, respectively.

In-Hospital Phase
Body weight at baseline was similar in
the tolvaptan and placebo groups (Table
1). Decreases in body weight from base-
line were observed on the first day
of treatment in all groups. A signifi-
cantly greater median (interquartile
range) reduction in body weight was
observed in patients treated with tolvap-
tan when compared with those receiv-
ing placebo, and this effect did not
appear to be dose dependent (−1.80
[−3.85 to −0.50], −2.10 [−3.10 to
−0.85], −2.05 [−2.80 to −0.60], and
−0.60 [−1.60 to 0.00] kg for the groups
receiving tolvaptan 30, 60, and 90 mg,
and placebo, respectively; P=.002, .002,
and .009 for the 3 tolvaptan groups
compared with the placebo group)
(FIGURE 2). Body weight further de-
creased in all groups during hospital-
ization. The median (interquartile
range) body weight reductions from
baseline to discharge were greater in the
tolvaptan groups compared with the
placebo group (−3.30 [−7.30 to −1.35],
−2.80 [−5.90 to −1.80], −3.20 [−5.80 to
−1.60], and −1.90 [−4.20 to −0.50] kg
in the groups receiving tolvaptan 30, 60,
and 90 mg, and placebo, respectively;
P=.006, .002, and .06 for the 3 tolvap-
tan groups compared with placebo).

Urine volume on day 1 was signifi-
cantly higher for all tolvaptan groups
when compared with the placebo
group, and this effect was maintained
throughout the period of hospitaliza-
tion (FIGURE 3). The mean (SD) urine
output at 24 hours was 4056.2 (2310.2),
4175.2 (2695.4), 4127.3 (2050.8), and
2296.5 (1134.1) mL for the tolvaptan
30, 60, and 90 mg, and placebo groups,
respectively (P = .02, P".001, and

P".001 for the 3 tolvaptan groups com-
pared with the placebo group).

Signs and symptoms of heart failure
improved in all patients during the pe-
riod of hospitalization. By the time of
discharge, fewer tolvaptan-treated
patients reported dyspnea, JVD, and
peripheral edema compared with those
receiving placebo; however, the differ-
ences were not significant except for
dyspnea (P = .04)(FIGURE 4). Global
assessment scales did not show a sig-
nificant improvement over placebo.
The median length of time between
randomization and discharge was 4
(range, 1-10) days in both treatment
groups.

Outpatient Phase
There was no significant difference in
worsening heart failure between the
tolvaptan groups and the placebo group
(TABLE 2). Diuretic use decreased in all
patients after discharge. In the outpa-
tient setting, patients receiving tolvap-
tan received a mean (SD) daily dose of
79.36 (116.12) mg of furosemide
equivalents (a 43-mg reduction from
the mean daily dose during the period
of hospitalization), compared with
102.3 (139.05) mg of furosemide
equivalents for the placebo group
(a 9-mg reduction from the mean daily
dose during the period of hospitaliza-
tion) (P = .17 for mean dose reduc-
tion).

Serum Sodium
One day after randomization, patients
treated with tolvaptan had small mean
(SD) increases from baseline in serum so-
dium concentrations (2.77 [3.56], 3.38
[4.84], and 3.50 [3.63] mEq/L for the pa-
tients receiving tolvaptan 30, 60, and 90
mg, respectively), whereas a small mean
decrease (−0.20 [3.12] mEq/L) was ob-
served in patients receiving placebo.
TABLE 3 shows the changes in sodium
concentrations in the tolvaptan and pla-
cebo groups throughout the study.

Sixty-eight patients (21.3%) had
hyponatremia (sodium level "136

Figure 2. Median Changes in Body Weight Over Time
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Figure 3. Mean 24-Hour Urine Volumes at
Day 1 and at Hospital Discharge
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(!1.3 mg/dL [114.9 µmol/L] and 1.2
mg/dL [106.1 µmol/L] in men and
women, respectively) were present in
38%, 40%, 36%, and 44% of patients in
the tolvaptan 30, 60, and 90 mg and the
placebo groups, respectively; abnor-
mal baseline levels of blood urea nitro-
gen (BUN) (!29 mg/dL) were present
in 53%, 46%, 54% and 61% of patients
in the tolvaptan 30, 60, and 90 mg and
the placebo groups, respectively.

In-Hospital Phase
Body weight at baseline was similar in
the tolvaptan and placebo groups (Table
1). Decreases in body weight from base-
line were observed on the first day
of treatment in all groups. A signifi-
cantly greater median (interquartile
range) reduction in body weight was
observed in patients treated with tolvap-
tan when compared with those receiv-
ing placebo, and this effect did not
appear to be dose dependent (−1.80
[−3.85 to −0.50], −2.10 [−3.10 to
−0.85], −2.05 [−2.80 to −0.60], and
−0.60 [−1.60 to 0.00] kg for the groups
receiving tolvaptan 30, 60, and 90 mg,
and placebo, respectively; P=.002, .002,
and .009 for the 3 tolvaptan groups
compared with the placebo group)
(FIGURE 2). Body weight further de-
creased in all groups during hospital-
ization. The median (interquartile
range) body weight reductions from
baseline to discharge were greater in the
tolvaptan groups compared with the
placebo group (−3.30 [−7.30 to −1.35],
−2.80 [−5.90 to −1.80], −3.20 [−5.80 to
−1.60], and −1.90 [−4.20 to −0.50] kg
in the groups receiving tolvaptan 30, 60,
and 90 mg, and placebo, respectively;
P=.006, .002, and .06 for the 3 tolvap-
tan groups compared with placebo).

Urine volume on day 1 was signifi-
cantly higher for all tolvaptan groups
when compared with the placebo
group, and this effect was maintained
throughout the period of hospitaliza-
tion (FIGURE 3). The mean (SD) urine
output at 24 hours was 4056.2 (2310.2),
4175.2 (2695.4), 4127.3 (2050.8), and
2296.5 (1134.1) mL for the tolvaptan
30, 60, and 90 mg, and placebo groups,
respectively (P = .02, P".001, and

P".001 for the 3 tolvaptan groups com-
pared with the placebo group).

Signs and symptoms of heart failure
improved in all patients during the pe-
riod of hospitalization. By the time of
discharge, fewer tolvaptan-treated
patients reported dyspnea, JVD, and
peripheral edema compared with those
receiving placebo; however, the differ-
ences were not significant except for
dyspnea (P = .04)(FIGURE 4). Global
assessment scales did not show a sig-
nificant improvement over placebo.
The median length of time between
randomization and discharge was 4
(range, 1-10) days in both treatment
groups.

Outpatient Phase
There was no significant difference in
worsening heart failure between the
tolvaptan groups and the placebo group
(TABLE 2). Diuretic use decreased in all
patients after discharge. In the outpa-
tient setting, patients receiving tolvap-
tan received a mean (SD) daily dose of
79.36 (116.12) mg of furosemide
equivalents (a 43-mg reduction from
the mean daily dose during the period
of hospitalization), compared with
102.3 (139.05) mg of furosemide
equivalents for the placebo group
(a 9-mg reduction from the mean daily
dose during the period of hospitaliza-
tion) (P = .17 for mean dose reduc-
tion).

Serum Sodium
One day after randomization, patients
treated with tolvaptan had small mean
(SD) increases from baseline in serum so-
dium concentrations (2.77 [3.56], 3.38
[4.84], and 3.50 [3.63] mEq/L for the pa-
tients receiving tolvaptan 30, 60, and 90
mg, respectively), whereas a small mean
decrease (−0.20 [3.12] mEq/L) was ob-
served in patients receiving placebo.
TABLE 3 shows the changes in sodium
concentrations in the tolvaptan and pla-
cebo groups throughout the study.

Sixty-eight patients (21.3%) had
hyponatremia (sodium level "136

Figure 2. Median Changes in Body Weight Over Time
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Figure 3. Mean 24-Hour Urine Volumes at
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mEq/L) at randomization. This was ob-
served in 15 (19.2%), 22 (26.2%), 15
(19.5%), and 16 (20.0%) patients in the
groups receiving tolvaptan 30, 60, and
90 mg, and placebo, respectively. These
patients showed a rapid increase, and
often normalization, in serum sodium
levels that was sustained throughout the
study.

Post Hoc Analyses
While no differences were observed in
the rate of rehospitalization or unsched-
uled visits for heart failure, event-free
survival tended to be longer for the
tolvaptan groups combined when com-
pared with placebo (Table 2). In post
hoc analysis, total mortality was lower
in the tolvaptan groups combined com-
pared with placebo in patients with el-
evated BUN levels (!29 mg/dL [10.35
mmol/L]) and severe systemic conges-
tion at randomization (defined as pres-
ence of dyspnea, JVD, and edema).
Seven of 31 patients (22.5%) with high

BUN levels in the placebo group died
during the study, compared with 10 of
100 patients (10%) in the tolvaptan
groups (P= .07). Five of 28 patients
(17.8%) with severe congestion in the
placebo group died during the study,
compared with 6 of 108 patients (5.6%)
in the tolvaptan groups (P=.03).

Safety
Adverse events were present in 85% of
patients, with thirst being more fre-
quently encountered in the tolvaptan
groups (TABLE 4). Tolvaptan did not ap-
pear to cause hypotension, tachycar-
dia, worsening renal function, or ab-
normalities in serum potassium levels
(Table 3). One hundred thirty pa-
tients discontinued therapy prior to
completing the 7-week outpatient treat-
ment period (Figure 1).

COMMENT
In patients hospitalized for heart fail-
ure, the administration of tolvaptan, an

oral vasopressin antagonist, in addi-
tion to standard therapy including non–
potassium-sparing diuretics, resulted in
a greater, non–dose-dependent, net vol-
ume loss compared with placebo and
standard therapy including diuretics.
This was not associated with hypoten-
sion, increase in heart rate, hypokale-
mia, or worsening renal function.
Tolvaptan produced a rapid and sus-
tained increase of serum sodium lev-
els in patients with hyponatremia.

There was no significant reduction
in the risk of worsening heart failure at
60 days in the patients receiving tolvap-
tan compared with those receiving pla-
cebo. Although the study was under-
powered and not prospectively designed
to evaluate mortality alone, in retro-
spect there was a trend toward lower
mortality in the tolvaptan groups com-
bined when compared with placebo.
This decrease in mortality reached sta-
tistical significance in patients with high
BUN levels or severe systemic conges-
tion. This post hoc analysis is hypoth-
esis-generating and requires confirma-
tion by a larger study.

Pulmonary and/or systemic conges-
tion is the major cause of hospitaliza-
tion and rehospitalization in patients
with heart failure.17,18 Congestion is usu-
ally related to increased intravascular
volume that is associated with in-
creased left ventricular diastolic pres-
sure.17 This increase may cause suben-
docardial ischemia and/or necrosis,
changes in ventricular shape and vol-
ume resulting in secondary mitral in-
sufficiency,19 and arrhythmias,20 and
may also contribute to progression of
heart failure. Congestion in heart fail-
ure may be an important target not only

Figure 4. Signs and Symptoms of Heart Failure at Day 1 and at Hospital Discharge
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Table 2. Clinical Events*

Event

Tolvaptan

Placebo
(n = 80)

P Value
for Trend

30 mg
(n = 78)

60 mg
(n = 84)

90 mg
(n = 77)

Combined
(n = 239)

Death by 60 days 3 (3.8) 8 (9.5) 2 (2.5) 13 (5.4) 7 (8.7) .18
In-hospital death 0 1 (1.1) 0 1 (0.4) 2 (2.5) .16
Rehospitalization 13 (16.7) 19 (22.6) 12 (15.6) 44 (18.4) 14 (17.5) !.99
Worsening heart failure† 20 (25.6) 29 (34.5) 15 (19.4) 64 (26.7) 22 (27.5) .88
*Data are No. (%).
†Defined as death, rehospitalization, or unscheduled visits for heart failure.
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Objectives This study sought to examine the effects of vasopressin V2 receptor antagonism with tolvaptan on the changes
in left ventricular (LV) volumes over time.

Background Vasopressin levels may be increased in patients with heart failure (HF) and may be a factor driving the progres-
sion of HF.

Methods This was a multicenter, randomized, double-blind, placebo-controlled trial conducted to evaluate the effect of
long-term administration of the vasopressin V2-receptor antagonist tolvaptan (30 mg/day) on reducing left ven-
tricular end-diastolic volume (LVEDV) compared with placebo in patients with HF and reduced systolic function,
using quantitative radionuclide ventriculography at baseline, repeated after 1 year of therapy, and repeated
again approximately 1 week after withdrawal of study drug.

Results A total of 120 patients were randomized to tolvaptan and 120 were randomized to placebo. In the placebo
group, there was no change in LVEDV over the course of follow-up (change of 0.0 ! 10.0 ml/m2). After 1 year of
tolvaptan, there was a small reduction in LV volume (decrease of 1.8 ! 10.7 ml/m2); the between-group differ-
ence was not significant (p " 0.21). During the course of the trial, there were 6 deaths (5%) and 21 HF hospital-
izations (18%) in the tolvaptan group, compared with 11 deaths (9%) and 34 HF hospitalizations (28%) in the
placebo group. In a time-to-event analysis, there was a significant favorable effect of tolvaptan on the composite
of mortality or heart failure hospitalization (p # 0.03 by log-rank test).

Conclusions In a well-treated population of stable HF patients, there was no significant effect of tolvaptan therapy on LV
volumes observed during 1 year of therapy. Nonprespecified natural history data favored therapy with
tolvaptan, with a reduction in the combined end point of mortality and heart failure hospitalization ob-
served. (Multicenter, Randomized, Double-Blind, Placebo Controlled, Efficacy Study on the Effects of
Tolvaptan on Left Ventricular Dilatation in Congestive Heart Failure Patients; http://clinicaltrials.gov/ct/
show/NCT00043758?order"1; NCT00043758) (J Am Coll Cardiol 2007;49:2151–9) © 2007 by the
American College of Cardiology Foundation
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Arginine vasopressin has antidiuretic properties
that contribute to fluid retention and hypona-
tremia in patients with heart failure (HF) (1). It
exerts its antidiuretic effect in the kidney col-
lecting duct by binding to V2 receptors, causing
solute-free water reabsorption and formation of

a concentrated urine (2). Studies using vasopressin receptor
antagonists have demonstrated a significant increase in

See page 2160

solute-free water diuresis in patients with HF (3). Thus, V2
receptor antagonists may provide beneficial therapy in
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the longest exposure of HF patients to this therapy. There
was a trend toward a higher percentage of patients in this
sample reporting feeling “better” on the active therapy
compared with placebo, though with no change in the
validated Minnesota Living with Heart Failure quality of
life questionnaire between the groups. In a nonprespeci-
fied analysis, therapy with tolvaptan was associated with
a significant reduction in the combined end point of
mortality or HF hospitalization in a time-to-event analysis.

The role of vasopressin in patients with HF has been
studied as far back as 1968, when Yamane (15), using an
older assay system, reported that 50% of patients with
advanced HF had increased vasopressin levels. Using more
modern radioimmunoassay techniques, several studies have
reported that mean levels of plasma vasopressin were greater
in patients with HF or postmyocardial LV dysfunction than
in referent control patients (16,17). However, vasopressin
levels vary widely and are not uniformly increased in patients
with HF or LV dysfunction (18).

Investigation into antagonizing vasopressin in human HF
began with the use of an acute V1 receptor antagonist, with
Creager et al. (19) finding reductions in systemic vascular
resistance and increases in cardiac output. Since that initial

study, in the contemporary era there are several nonpeptide
vasopressin antagonists that have been investigated in short-
term studies. A single-dose placebo-controlled study of the
dual V1/V2 receptor antagonist conivaptan in patients with
advanced HF demonstrated reductions in left- and right
ventricular filling pressures and a dose-related increase in
urine output (3). Gheorghiade et al. (5) reported that V2
receptor antagonism treatment with tolvaptan over the
course of 1 month in stable HF patients with signs of
volume overload was associated with reduction in body
weight (as a marker for volume homeostasis) and normal-
ization of serum sodium in a subgroup with hyponatremia.
In the ACTIV in CHF (Acute and Chronic Therapeutic
Impact of a Vasopressin 2 Antagonist [Tolvaptan] in
Congestive Heart Failure) trial of patients with admission
for decompensated HF, treatment with tolvaptan in addi-
tion to standard therapies was associated with an incremen-
tal reduction in body weight compared with placebo early in
the hospital course (4). During 60 days of therapy, there was
a trend toward favorable effect on the high mortality rate in
this syndrome, and significant reductions in mortality were
noted in very high-risk subgroups, such as those with
hyponatremia, increased BUN, or multiple signs of conges-

Figure 1 Effect of TLV on Time to Death or Heart Failure Hospitalization

Time-to-event analysis evaluating patients randomized to tolvaptan (TLV) (red line) versus placebo (PLC) (blue line) with
regard to death or hospitalization for worsening heart failure. There was a favorable effect of TLV on this combined end point.

Changes in Measured Neurohormones

Table 7 Changes in Measured Neurohormones

Baseline (SD) Week 28 ! (SD) Week 54 ! (SD)

Tolvaptan Placebo Tolvaptan Placebo p Value Tolvaptan Placebo p Value

Vasopressin (pg/ml) 1.9 (1.7) 2.0 (1.8) 0.5 (1.2) !0.3 (2.1) 0.03 0.3 (1.1) !0.4 (1.4) "0.01

BNP (pg/ml) 420.1 (469.9) 353.5 (372.0) !89.2 (429.5) !22.4 (282.8) 0.34 !95.3 (385.3) !73.4 (243.2) 0.83

Norepinephrine (pg/ml) 648.7 (344.8) 636.5 (287.5) 63.1 (450.6) !1.3 (314.8) 0.61 88.7 (456.7) 79.1 (415.7) 0.88

Plasma renin (ng/ml/h) 17.1 (47.3) 14.8 (21.3) !3.3 (50.6) 2.6 (17.7) 0.57 !1.8 (24.8) !1.0 (20.5) 0.91

BNP # brain natriuretic peptide.
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the longest exposure of HF patients to this therapy. There
was a trend toward a higher percentage of patients in this
sample reporting feeling “better” on the active therapy
compared with placebo, though with no change in the
validated Minnesota Living with Heart Failure quality of
life questionnaire between the groups. In a nonprespeci-
fied analysis, therapy with tolvaptan was associated with
a significant reduction in the combined end point of
mortality or HF hospitalization in a time-to-event analysis.

The role of vasopressin in patients with HF has been
studied as far back as 1968, when Yamane (15), using an
older assay system, reported that 50% of patients with
advanced HF had increased vasopressin levels. Using more
modern radioimmunoassay techniques, several studies have
reported that mean levels of plasma vasopressin were greater
in patients with HF or postmyocardial LV dysfunction than
in referent control patients (16,17). However, vasopressin
levels vary widely and are not uniformly increased in patients
with HF or LV dysfunction (18).

Investigation into antagonizing vasopressin in human HF
began with the use of an acute V1 receptor antagonist, with
Creager et al. (19) finding reductions in systemic vascular
resistance and increases in cardiac output. Since that initial

study, in the contemporary era there are several nonpeptide
vasopressin antagonists that have been investigated in short-
term studies. A single-dose placebo-controlled study of the
dual V1/V2 receptor antagonist conivaptan in patients with
advanced HF demonstrated reductions in left- and right
ventricular filling pressures and a dose-related increase in
urine output (3). Gheorghiade et al. (5) reported that V2
receptor antagonism treatment with tolvaptan over the
course of 1 month in stable HF patients with signs of
volume overload was associated with reduction in body
weight (as a marker for volume homeostasis) and normal-
ization of serum sodium in a subgroup with hyponatremia.
In the ACTIV in CHF (Acute and Chronic Therapeutic
Impact of a Vasopressin 2 Antagonist [Tolvaptan] in
Congestive Heart Failure) trial of patients with admission
for decompensated HF, treatment with tolvaptan in addi-
tion to standard therapies was associated with an incremen-
tal reduction in body weight compared with placebo early in
the hospital course (4). During 60 days of therapy, there was
a trend toward favorable effect on the high mortality rate in
this syndrome, and significant reductions in mortality were
noted in very high-risk subgroups, such as those with
hyponatremia, increased BUN, or multiple signs of conges-

Figure 1 Effect of TLV on Time to Death or Heart Failure Hospitalization

Time-to-event analysis evaluating patients randomized to tolvaptan (TLV) (red line) versus placebo (PLC) (blue line) with
regard to death or hospitalization for worsening heart failure. There was a favorable effect of TLV on this combined end point.

Changes in Measured Neurohormones

Table 7 Changes in Measured Neurohormones

Baseline (SD) Week 28 ! (SD) Week 54 ! (SD)

Tolvaptan Placebo Tolvaptan Placebo p Value Tolvaptan Placebo p Value

Vasopressin (pg/ml) 1.9 (1.7) 2.0 (1.8) 0.5 (1.2) !0.3 (2.1) 0.03 0.3 (1.1) !0.4 (1.4) "0.01

BNP (pg/ml) 420.1 (469.9) 353.5 (372.0) !89.2 (429.5) !22.4 (282.8) 0.34 !95.3 (385.3) !73.4 (243.2) 0.83

Norepinephrine (pg/ml) 648.7 (344.8) 636.5 (287.5) 63.1 (450.6) !1.3 (314.8) 0.61 88.7 (456.7) 79.1 (415.7) 0.88

Plasma renin (ng/ml/h) 17.1 (47.3) 14.8 (21.3) !3.3 (50.6) 2.6 (17.7) 0.57 !1.8 (24.8) !1.0 (20.5) 0.91

BNP # brain natriuretic peptide.
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Context Heart failure causes more than 1 million US hospitalizations yearly, mostly
related to congestion. Tolvaptan, an oral, nonpeptide, selective vasopressin V2-
receptor antagonist, shows promise in this condition.

Objective To evaluate short-term effects of tolvaptan when added to standard therapy
in patients hospitalized with heart failure.

Design, Setting, and Patients Two identical prospective, randomized, double-
blind, placebo-controlled trials at 359 sites in North America, South America, and Eu-
rope were conducted during the inpatient period of the Efficacy of Vasopressin An-
tagonism in Heart Failure Outcome Study With Tolvaptan (EVEREST) between October
7, 2003, and February 3, 2006. A total of 2048 (trial A) and 2085 (trial B) patients
hospitalized with heart failure and congestion were studied.

Intervention Patients were randomized to receive either tolvaptan (30 mg/d) or match-
ing placebo, within 48 hours of admission.

Main Outcome Measures Primary end point was a composite of changes in global
clinical status based on a visual analog scale and body weight at day 7 or discharge if ear-
lier.Secondaryendpoints includeddyspnea(day1),globalclinical status(day7ordischarge),
body weight (days 1 and 7 or discharge), and peripheral edema (day 7 or discharge).

Results Ranksumanalysisof thecompositeprimaryendpoint showedgreater improve-
ment with tolvaptan vs placebo (trial A, mean [SD], 1.06 [0.43] vs 0.99 [0.44]; and trial B,
1.07[0.42]vs0.97[0.43];bothtrialsP".001).Mean(SD)bodyweightreductionwasgreater
with tolvaptan on day 1 (trial A, 1.71 [1.80] vs 0.99 [1.83] kg; P".001; and trial B, 1.82
[2.01] vs 0.95 [1.85] kg;P".001) and day 7 or discharge (trial A, 3.35 [3.27] vs 2.73 [3.34]
kg; P".001; and trial B, 3.77 [3.59] vs 2.79 [3.46] kg; P".001), whereas improvements in
global clinical status were not different between groups. More patients receiving tolvap-
tan (684 [76.7%] and 678 [72.1%] for trial A and trial B, respectively) vs patients receiv-
ing placebo (646 [70.6%] and 597 [65.3%], respectively) reported improvement in dys-
pneaatday1 (both trialsP".001). Edemaatday7ordischarge improvedsignificantlywith
tolvaptan in trial B (P=.02) but did not reach significance in trial A (P=.07). Serious adverse
event frequenciesweresimilarbetweengroups,withoutexcess renal failureorhypotension.

Conclusion In patients hospitalized with heart failure, oral tolvaptan in addition to
standard therapy including diuretics improved many, though not all, heart failure signs
and symptoms, without serious adverse events.

Trial Registration clinicaltrials.gov Identifier: NCT00071331
JAMA. 2007;297:1332-1343 www.jama.com
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time it was assessed. Effects may have
been further confounded by variably in-
cluding measurements made at day 7
or discharge (whichever came first).
Discharge measurements may have di-
luted a treatment difference occurring
at the fixed time point, because the tim-

ing of discharge is driven by patient im-
provement.

The majority of patients hospital-
ized for worsening of chronic HF have
signs and symptoms of congestion.3-8

Removal of excess fluid represents a ma-
jor treatment goal. The symptomatic

benefit exerted by loop diuretics has led
to their wide clinical acceptance, even
in the absence of efficacy and safety data
from large randomized trials.21 How-
ever, this improvement can be associ-
ated with electrolyte abnormalities,
renal dysfunction, neurohormonal ac-

Table 5. Adverse Events Occurring Between Randomization and Day 7 or Discharge if Earlier

Adverse Events

No. (%) of Patients

Trial A Trial B

Tolvaptan
(n = 1015)

Placebo
(n = 1027)

P
Value

Tolvaptan
(n = 1048)

Placebo
(n = 1028)

P
Value

Treatment-emergent 498 (49.1) 411 (40.0) !.001 586 (55.9) 492 (47.9) !.001
Serious 60 (5.9) 49 (4.8) .28 45 (4.3) 60 (5.8) .11
Adverse events of incidence "1%*

Dry mouth 43 (4.2) 7 (0.7) !.001 63 (6.0) 7 (0.7) !.001
Thirst 79 (7.8) 5 (0.5) !.001 118 (11.3) 10 (1.0) !.001
Pollakiuria 13 (1.3) 3 (0.3) .01 10 (1.0) 4 (0.4) .18
Polyuria 6 (0.6) 2 (0.2) .18 35 (3.3) 5 (0.5) !.001
Hypernatremia 14 (1.4) 0 (0.0) !.001 5 (0.5) 0 (0.0) .06
Ventricular extrasystoles 5 (0.5) 5 (0.5) #.99 11 (1.0) 2 (0.2) .02
Constipation 35 (3.4) 20 (1.9) .04 38 (3.6) 49 (4.8) .23

Adverse events of clinical interest
Atrial fibrillation 3 (0.3) 5 (0.5) .75 15 (1.4) 11 (1.1) .56
Ventricular tachycardia 21 (2.1) 16 (1.6) .41 18 (1.7) 19 (1.8) .87
Cardiac failure 10 (1.0) 22 (2.1) .04 17 (1.6) 16 (1.6) .90
Hypotension 44 (4.3) 30 (2.9) .10 30 (3.2) 34 (3.3) .61
Hyponatremia 4 (0.4) 5 (0.5) #.99 4 (0.4) 5 (0.5) .75
Hypokalemia 23 (2.3) 28 (2.7) .57 25 (2.4) 37 (3.6) .12
Hypomagnesemia 3 (0.3) 2 (0.2) .69 5 (0.5) 10 (1.0) .20
Renal failure 21 (2.1) 20 (1.9) .72 29 (2.8) 25 (2.4) .63

*Significant (P!.05) differences between treatment groups.

Table 4. Mean Changes From Baseline in Clinical Parameters
Mean (SD) [No. of Patients]

Inpatient Day 1* Day of Discharge†

Tolvaptan Placebo Tolvaptan Placebo
SBP, mm Hg –3.30 (15.59) [1851] –3.65 (15.43) [1869] –3.76 (16.61) [1176] –4.11 (16.04) [1153]
DBP, mm Hg –1.59 (10.85) [1851] –2.04 (10.99) [1866] –1.91 (11.70) [1175] –2.79 (11.33) [1152]
Heart rate, beats/min –1.62 (11.59) [1851] –2.47 (11.33) [1866] –3.89 (13.15) [1176] –4.07 (13.46) [1153]
Serum sodium, mEq/L 3.28 (4.11) [1743]‡ –0.41 (3.53) [1772] 2.01 (4.55) [1095]‡ –1.06 (3.90) [1084]
Serum potassium, mEq/L 0.04 (0.52) [1699]‡ –0.02 (0.54) [1729] 0.23 (0.60) [1062] 0.20 (0.64) [1052]
Serum magnesium, mEq/L 0.11 (0.19) [1747]‡ −0.01 (0.19) [1776] 0.18 (0.25) [1095]‡ 0.10 (0.44) [1085]
Serum osmolality, mOsm/kg 6.71 (14.52) [1630]‡ 0.14 (12.75) [1645] 5.41 (13.66) [1025]‡ 0.97 (13.18) [1020]
Serum urea nitrogen, mg/dL –0.17 (4.71) [1752]§ 0.23 (4.48) [1779] 2.55 (11.00) [1098]‡ 3.22 (10.86) [1086]
Serum creatinine, mg/dL 0.04 (0.19) [1752]‡ 0.00 (0.19) [1780] 0.08 (0.30) [1098]‡ 0.02 (0.27) [1087]
QTcB interval, ms –3.83 (29.68) [1761] –1.70 (28.93) [1771] –8.62 (32.46) [1125] –6.08 (31.81) [1108]
QTcF interval, ms –4.29 (26.43) [1761]‡ –0.84 (26.19) [1771] –7.83 (27.63) [1125]‡ –3.82 (28.99) [1108]
Abbreviations: DBP, diastolic blood pressure; QTcB interval, QT interval corrected for heart rate using Bazett formula; QTcF interval, QT interval corrected using Fridericia formula; SBP,

systolic blood pressure.
SI conversion: To convert creatinine to µmol/L, multiply by 88.4.
*Patients discharging on inpatient day 1 are included in day of discharge.
†Discharges occurring through inpatient day 7.
‡P!.001.
§P!.05.
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at inpatient day 7 or discharge im-
proved more in the tolvaptan vs the pla-
cebo groups in trial B. In trial A, the dif-
ference between treatment groups did
not reach statistical significance.

Clinical Course
No significant differences were ob-
served between groups in blood pres-
sure or heart rate. Physician assess-
ment of signs and symptoms of HF was
performed on each inpatient day. In a
combined post-hoc analysis of the 2
trials, significantly more patients re-
ceiving tolvaptan than placebo exhib-
ited improvements in dyspnea and rales
over the first 4 inpatient days, with or-
thopnea and jugular venous disten-
tion improvements observed during the
first 3 inpatient days (TABLE 3). In ad-
dition, tolvaptan was better than pla-
cebo in alleviating fatigue over inpa-
tient days 3 to 6 (P = .02 at day 6).
Significant improvement in pedal
edema was observed in the tolvaptan
group beginning at inpatient day 1 and
continuing throughout hospitaliza-
tion. No adjustments for multiplicity
were made for these analyses.

At day 1 and discharge, the tolvaptan
group exhibited significantly greater cor-
rections in serum sodium in those pa-
tients with hyponatremia at baseline (se-
rum sodium !134 mEq/L). Serum
potassium, magnesium, and osmolality
were also higher in the tolvaptan group.
Small changes were observed in renal

parameters, with serum urea nitrogen
levels slightly lower and serum creati-
nine levels slightly higher in the tolvap-
tan groups (TABLE 4).

Furosemide Use
A post-hoc analysis of the combined
trials was conducted to determine the
effect of tolvaptan on furosemide use. Be-

fore randomization, mean doses of fu-
rosemide were 120 mg/d and 116 mg/d
in the tolvaptan and placebo groups, re-
spectively, and median doses were 80
mg/d in both treatment groups. At dis-
charge, mean reduction from baseline in
dosage was significantly greater in the
tolvaptan group (–55.8 mg/d) than the
placebo group (–42.9 mg/d; P=.002).

Figure 2. Change in Patient-Assessed Dyspnea at Day 1 for Patients Manifesting Dyspnea at
Baseline
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Table 2. Changes From Baseline in Secondary Efficacy End Points
Trial A Trial B

Tolvaptan Placebo
P

Value Tolvaptan Placebo
P

Value
Changes in patient-assessed global clinical status

at day 7,* mean VAS score (SD) [No.]
18.25 (22.26) [903] 17.73 (22.47) [910] .51† 18.72 (21.71) [931] 18.28 (21.59) [900] .52†

Changes in body weight at day 1,
mean (SD) [No.], kg

−1.71 (1.80) [978] −0.99 (1.83) [997] !.001† −1.82 (2.01) [1021] −0.95 (1.85) [1002] !.001†

Changes in body weight at day 7,*
mean (SD) [No.], kg

−3.35 (3.27) [997] −2.73 (3.34) [1007] !.001† −3.77 (3.59) [1031] −2.79 (3.46) [1008] !.001†

Change in patient-assessed dyspnea at day 1, %
showing improvement in dyspnea score (No.)§

76.74 (894) 70.61 (915) !.001‡ 72.06 (941) 65.32 (914) !.001‡

Change in edema scores at day 7,* % showing
at least a 2-grade improvement (No.)§

73.83 (772) 70.25 (790) .07‡ 73.67 (828) 70.81 (805) .02‡

Abbreviation: VAS, visual analog scale.
*Assessed at discharge if before day 7.
†Based on analysis of covariance model.
‡Based on van Elteren test.
§For patients with symptoms at baseline.
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receptor antagonist, shows promise in this condition.

Objective To evaluate short-term effects of tolvaptan when added to standard therapy
in patients hospitalized with heart failure.
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rope were conducted during the inpatient period of the Efficacy of Vasopressin An-
tagonism in Heart Failure Outcome Study With Tolvaptan (EVEREST) between October
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hospitalized with heart failure and congestion were studied.
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ing placebo, within 48 hours of admission.

Main Outcome Measures Primary end point was a composite of changes in global
clinical status based on a visual analog scale and body weight at day 7 or discharge if ear-
lier.Secondaryendpoints includeddyspnea(day1),globalclinical status(day7ordischarge),
body weight (days 1 and 7 or discharge), and peripheral edema (day 7 or discharge).

Results Ranksumanalysisof thecompositeprimaryendpoint showedgreater improve-
ment with tolvaptan vs placebo (trial A, mean [SD], 1.06 [0.43] vs 0.99 [0.44]; and trial B,
1.07[0.42]vs0.97[0.43];bothtrialsP".001).Mean(SD)bodyweightreductionwasgreater
with tolvaptan on day 1 (trial A, 1.71 [1.80] vs 0.99 [1.83] kg; P".001; and trial B, 1.82
[2.01] vs 0.95 [1.85] kg;P".001) and day 7 or discharge (trial A, 3.35 [3.27] vs 2.73 [3.34]
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pneaatday1 (both trialsP".001). Edemaatday7ordischarge improvedsignificantlywith
tolvaptan in trial B (P=.02) but did not reach significance in trial A (P=.07). Serious adverse
event frequenciesweresimilarbetweengroups,withoutexcess renal failureorhypotension.

Conclusion In patients hospitalized with heart failure, oral tolvaptan in addition to
standard therapy including diuretics improved many, though not all, heart failure signs
and symptoms, without serious adverse events.
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tan (684 [76.7%] and 678 [72.1%] for trial A and trial B, respectively) vs patients receiv-
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Conclusion In patients hospitalized with heart failure, oral tolvaptan in addition to
standard therapy including diuretics improved many, though not all, heart failure signs
and symptoms, without serious adverse events.
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DURING THE PAST 2 DECADES,
there have been substantial
advances in drug therapy for
chronic heart failure (HF),

with much of the improvement in clini-
cal outcomes achieved through pharma-
cologic inhibition of neurohormonal sys-
tems.Nevertheless, thenumberof annual
hospitalizations for HF continues to rise,
and mortality rates among patients hos-
pitalized with HF remain high.1-7

To date, no treatment initiated at
the time of hospitalization for acute
decompensated HF has been found to
improve clinical outcomes. In fact, in
randomized controlled trials of such
treatments, the observed clinical ben-
efits have been marginal at best,8,9 and
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Context Vasopressin mediates fluid retention in heart failure. Tolvaptan, a vasopres-
sin V2 receptor blocker, shows promise for management of heart failure.

Objective To investigate the effects of tolvaptan initiated in patients hospitalized
with heart failure.

Design, Setting, and Participants The Efficacy of Vasopressin Antagonism in Heart
Failure Outcome Study With Tolvaptan (EVEREST), an event-driven, randomized, double-
blind, placebo-controlled study. The outcome trial comprised 4133 patients within 2
short-term clinical status studies, who were hospitalized with heart failure, random-
ized at 359 North American, South American, and European sites between October 7,
2003, and February 3, 2006, and followed up during long-term treatment.

Intervention Within 48 hours of admission, patients were randomly assigned to re-
ceive oral tolvaptan, 30 mg once per day (n=2072), or placebo (n=2061) for a mini-
mum of 60 days, in addition to standard therapy.

Main Outcome Measures Dual primary end points were all-cause mortality (supe-
riority and noninferiority) and cardiovascular death or hospitalization for heart failure (su-
periority only). Secondary end points included changes in dyspnea, body weight, and edema.

Results During a median follow-up of 9.9 months, 537 patients (25.9%) in the tolvap-
tan group and 543 (26.3%) in the placebo group died (hazard ratio, 0.98; 95% confi-
dence interval [CI], 0.87-1.11; P=.68). The upper confidence limit for the mortality dif-
ference was within the prespecified noninferiority margin of 1.25 (P!.001). The composite
of cardiovascular death or hospitalization for heart failure occurred in 871 tolvaptan group
patients (42.0%) and 829 placebo group patients (40.2%; hazard ratio, 1.04; 95% CI,
0.95-1.14; P=.55). Secondary end points of cardiovascular mortality, cardiovascular death
or hospitalization, and worsening heart failure were also not different. Tolvaptan signifi-
cantly improved secondary end points of day 1 patient-assessed dyspnea, day 1 body
weight, and day 7 edema. In patients with hyponatremia, serum sodium levels signifi-
cantly increased. The Kansas City Cardiomyopathy Questionnaire overall summary score
was not improved at outpatient week 1, but body weight and serum sodium effects per-
sisted long after discharge. Tolvaptan caused increased thirst and dry mouth, but fre-
quencies of major adverse events were similar in the 2 groups.

Conclusion Tolvaptan initiated for acute treatment of patients hospitalized with heart
failure had no effect on long-term mortality or heart failure–related morbidity.
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ment (Figure 5). In patients with base-
line pedal edema, edema scores signifi-
cantly improved at day 7 or discharge
in patients receiving tolvaptan com-
pared with placebo (P = .003), with
73.8% of tolvaptan patients and 70.5%
of placebo patients manifesting im-
provement in edema by at least 2 grades.
A significant improvement in physician-
assessed pedal edema was observed as
early as day 1 and continued through
postdischarge week 4.

No significant changes were ob-
served at outpatient week 1 in the
KCCQ overall summary score. Statis-
tically significant changes favoring
tolvaptan were observed at the time of
the last scheduled on-treatment assess-
ment at study end for the quality-of-
life domain (P=.003), the social limi-
tation domain (P=.05), and the overall
summary score (P=.02) (prespecified
tertiary end points). The other do-
mains (clinical summary, physical limi-
tation, total symptom, symptom fre-
quency, symptom burden, symptom
stability, and self-efficacy) favored
tolvaptan numerically but did not reach
significance at the time of the last on-
treatment assessment.

Serum Urea Nitrogen and
Creatinine Concentrations
Beginning at day 1, there was a signifi-
cant difference favoring tolvaptan in se-

rum urea nitrogen levels between the
2 groups, an effect that tended to per-
sist long after discharge (Figure 5). At
day 7 or discharge, mean serum urea
nitrogen levels had increased by 1.94
mg/dL (SD, 11.70 mg/dL) in the tolvap-
tan group and by 3.30 mg/dL (SD, 12.16
mg/dL) in the placebo group (P!.001).
At day 7 or discharge, mean serum cre-
atinine levels had increased by 0.08
mg/dL (7.07 µmol/L) (SD, 0.31 mg/dL
[27.4 µmol/L]) in the tolvaptan group
and by 0.03 mg/dL (2.65 µmol/L) (SD,

0.35 mg/dL [30.94 µmol/L]) in the pla-
cebo group (P!.001), a difference that
was observed at many of the long-
term follow-up points (Figure 5).

Safety
Adverse events occurred in 89.0% of
tolvaptan patients and 86.1% of pla-
cebo patients. Adverse events result-
ing in study drug discontinuation oc-
curred in 6.5% of tolvaptan patients and
5.5% of placebo patients. Among these,
only thirst occurred significantly more

Table 2. Summary of Primary and Secondary Outcome End-Point Results
No. (%) of Patients

Hazard Ratio
(95% Confidence

Interval)

P Value
Tolvaptan
(n = 2072)

Placebo
(n = 2061) Superiority Noninferiority

Primary end points
All-cause mortality 537 (25.9) 543 (26.3) 0.98 (0.87-1.11) .68* !.001
Cardiovascular

death or
hospitalization
for heart failure

871 (42.0) 829 (40.2) 1.04 (0.95-1.14) .55*

Secondary end points
Cardiovascular

death or
cardiovascular
hospitalization

1006 (48.5) 958 (46.4) 1.04 (0.95-1.14) .52*

Incidence of
cardiovascular
mortality

421 (20.3) 408 (19.8) .67†

Incidence of clinical
worsening of heart
failure (death,
hospitalization, or
unscheduled visits)

757 (36.5) 739 (35.8) .62†

*Based on Peto-Peto-Wilcoxon test.
†Based on Cochran-Mantel-Haenszel test.

Figure 2. Kaplan-Meier Analyses of All-Cause Mortality and Cardiovascular Mortality or Hospitalization for Heart Failure
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ment (Figure 5). In patients with base-
line pedal edema, edema scores signifi-
cantly improved at day 7 or discharge
in patients receiving tolvaptan com-
pared with placebo (P = .003), with
73.8% of tolvaptan patients and 70.5%
of placebo patients manifesting im-
provement in edema by at least 2 grades.
A significant improvement in physician-
assessed pedal edema was observed as
early as day 1 and continued through
postdischarge week 4.

No significant changes were ob-
served at outpatient week 1 in the
KCCQ overall summary score. Statis-
tically significant changes favoring
tolvaptan were observed at the time of
the last scheduled on-treatment assess-
ment at study end for the quality-of-
life domain (P=.003), the social limi-
tation domain (P=.05), and the overall
summary score (P=.02) (prespecified
tertiary end points). The other do-
mains (clinical summary, physical limi-
tation, total symptom, symptom fre-
quency, symptom burden, symptom
stability, and self-efficacy) favored
tolvaptan numerically but did not reach
significance at the time of the last on-
treatment assessment.

Serum Urea Nitrogen and
Creatinine Concentrations
Beginning at day 1, there was a signifi-
cant difference favoring tolvaptan in se-

rum urea nitrogen levels between the
2 groups, an effect that tended to per-
sist long after discharge (Figure 5). At
day 7 or discharge, mean serum urea
nitrogen levels had increased by 1.94
mg/dL (SD, 11.70 mg/dL) in the tolvap-
tan group and by 3.30 mg/dL (SD, 12.16
mg/dL) in the placebo group (P!.001).
At day 7 or discharge, mean serum cre-
atinine levels had increased by 0.08
mg/dL (7.07 µmol/L) (SD, 0.31 mg/dL
[27.4 µmol/L]) in the tolvaptan group
and by 0.03 mg/dL (2.65 µmol/L) (SD,

0.35 mg/dL [30.94 µmol/L]) in the pla-
cebo group (P!.001), a difference that
was observed at many of the long-
term follow-up points (Figure 5).

Safety
Adverse events occurred in 89.0% of
tolvaptan patients and 86.1% of pla-
cebo patients. Adverse events result-
ing in study drug discontinuation oc-
curred in 6.5% of tolvaptan patients and
5.5% of placebo patients. Among these,
only thirst occurred significantly more

Table 2. Summary of Primary and Secondary Outcome End-Point Results
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(95% Confidence
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P Value
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Incidence of clinical
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failure (death,
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unscheduled visits)

757 (36.5) 739 (35.8) .62†

*Based on Peto-Peto-Wilcoxon test.
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frequently with tolvaptan (n=7 vs n=0;
P=.02). Dry mouth resulted in discon-
tinuation in 4 tolvaptan and 0 placebo
patients (P=.12). TABLE 4 displays ad-
verse events that occurred in at least 5%
of patients within either group. Events
that occurred more commonly in the
tolvaptan group included dry mouth
and thirst. In addition, hypernatremia
occurred in 1.7% of tolvaptan patients
compared with 0.5% of placebo pa-
tients. The incidences of renal failure
and hypotension were comparable in
the 2 groups. Compared with baseline
measurements, blood pressure and
heart rate trended downward, slightly
and similarly, in the 2 groups. For
tolvaptan and placebo patients, respec-
tively, systolic blood pressure de-
creased by a mean of 3.3 mm Hg (SD,
15.6 mm Hg) and 3.7 mm Hg (SD, 15.4
mm Hg) at day 1 and by 2.2 mm Hg
(SD, 18.8 mm Hg) and 2.1 mm Hg (SD,
18.4 mm Hg) at outpatient week 8.
Heart rate decreased by a mean of 1.6/
min (SD, 11.6/min) and 2.5/min (SD,
11.3/min) at day 1 and by 4.4/min (SD,
16.3/min) and 4.6/min (SD, 16.0/
min) at 8 weeks.

COMMENT
The EVEREST outcome trial was de-
signed to investigate the long-term ef-
fects of the vasopressin V2 receptor an-
tagonist tolvaptan on morbidity and
mortality in patients hospitalized with
worsening HF and with signs and symp-
toms of fluid overload. Long-term tolvap-
tan treatment had no effect, either favor-
able or unfavorable, on all-cause
mortality or the combined end point of
cardiovascular mortality or subsequent
hospitalization for worsening HF. The re-
sults documented the noninferiority of
tolvaptan treatment for mortality within
the prespecified confidence limits. The
secondary observations included short-
and long-term benefits on body weight
and serum sodium and short-term im-
provement in dyspnea score and pedal
edema, with maintenance of renal func-
tion. These findings were consistent with
those of the separately reported short-
term clinical status trials.25 The com-
bined results identify vasopressin recep-

tor blockade with tolvaptan as a useful
treatment in this patient population to
safely accelerate fluid removal and im-
prove short-term symptoms, without evi-
dence of adverse outcomes with long-
term use.

Arginine vasopressin secretion is in-
creased in severe HF.29-34 Recent inves-
tigations with vasopressin receptor an-
tagonists have suggested that these
agents are effective in short-term im-
provement in hemodynamics, conges-
tion, renal function, and electrolyte bal-
ance.21-24 Within a severe but stable HF
population, a single dose of a nonse-
lective antagonist of V1a and V2 recep-
tors caused a reduction in pulmonary
artery wedge pressure, associated with
increased urinary volume.21 These find-
ings, in the absence of significant ef-

fects on blood pressure, cardiac out-
put, or systemic vascular resistance,
suggest that the observed effects were
mediated through V2 antagonism, with
little or no demonstrable benefit ex-
erted through the V1a blockade. Subse-
quent investigations with tolvaptan
have shown an early and sustained re-
duction in body weight over 7 to 30
days,22,23 consistent with inhibition of
an active V2 receptor–mediated effect
on fluid retention. Further, tolvaptan
administration tended to normalize se-
rum sodium concentrations in pa-
tients with baseline hyponatremia and
was not associated with hypokalemia.
In patients with stable HF, the in-
creased urine volume seen with tolvap-
tan was associated with relative pres-
ervation of renal hemodynamics and

Table 3. Effects of Tolvaptan on Change From Baseline in Secondary End Points: Body
Weight, Patient-Assessed Dyspnea, Serum Sodium Concentration, Edema, and KCCQ Overall
Summary Score

Tolvaptan Placebo
P

Value
Change in body weight at 1 day,

mean (SD), kg
−1.76 (1.91) [n = 1999] −0.97 (1.84) [n = 1999) !.001*

Change in dyspnea at 1 day,
% showing improvement
in dyspnea score†

74.3 [n = 1835] 68.0 [n = 1829] !.001‡

Change in serum sodium at 7 days
(or discharge if earlier),
mean (SD), mEq/L§

5.49 (5.77) [n = 162] 1.85 (5.10) [n = 161] !.001*

Change in edema at 7 days
(or discharge), % showing
at least a 2-grade improvement†

73.8 [n = 1600] 70.5 [n = 1595] .003‡

Change in KCCQ overall summary
score at postdischarge week 1,
mean (SD)

19.90 (18.71) [n = 872] 18.52 (18.83) [n = 856] .39*

Abbreviation: KCCQ, Kansas City Cardiomyopathy Questionnaire.
*Based on analysis of covariance model.
†Among patients with symptoms at baseline.
‡Based on van Elteren test.28

§Among participants with baseline sodium levels of less than 134 mEq/L.

Figure 4. Change in Patient-Assessed Dyspnea at Day 1 for Patients Manifesting Dyspnea at
Baseline
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relief and cardiovascular outcomes in those with hyponatre-
mia, but given their retrospective nature and the limited num-
ber of events, these subgroup analyses should be viewed as 
hypothesis-generating.

Tolvaptan and Dyspnea Relief
A post hoc analyses from EVEREST demonstrated that 
the effects of tolvaptan on dyspnea were greatest within 
12 hours after the initial dose and persisted up to 20 hours 

compared with placebo (Figure 3).34 The greatest relief of 
dyspnea was observed in patients with the greatest sever-
ity of dyspnea at baseline. The effects occurred despite the 
relatively late enrollment (up to 48 hours after admission) 
and the late timing of the first dose of tolvaptan (up to 60 
hours after admission). This window of enrollment led to 
a wide range over when dyspnea was assessed. Similar to 
the clinical outcomes association seen in the subgroup with 

Figure 5. Study to Evaluate Challenging 
Responses to Therapy in Congestive Heart Fail-
ure (SECRET of CHF) study design.

Figure 4. Targeting Acute Congestion With Tolvaptan in Congestive Heart Failure Study (TACTICS) study design.
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Table.  Comparison of EVEREST and Ongoing Acute Heart Failure Clinical Trials of Tolvaptan

EVEREST TACTICS SECRET of CHF

Sample size Enrollment of 4133 Target of 250 Target of 250

Enrollment time Up to 48 h after admission; first dose of 
tolvaptan up to 60 h after admission

Within 24 h of presentation; defined as 
the time of initial dose of intravenous loop 
diuretic

Randomized within 36 h of initial 
presentation

Congestion entry criteria NYHA class III or IV
≥2 signs/symptoms of fluid overload (ie, 
dyspnea, peripheral edema, and JVD)

Dyspnea at rest or with minimal exertion
BNP>400 or NT-proBNP >2000 pg/mL
At least one of the following: orthopnea, 
peripheral edema, JVD, pulmonary rales, or 
congestion on chest X-ray

NYHA class III or IV on admission
At least moderately short of breath
Congestion based on at least 2 of the 
following: JVD, pitting edema, ascites, 
pulmonary congestion on chest x-ray, or 
pulmonary rales

Other key entry criteria Inclusion: EF≤40%
Exclusion:
SBP<90 mm Hg
Serum creatinine >3.5 mg/dL or dialysis
Serum potassium >5.5 mEq/L

Exclusion:
Serum sodium >140 mEq/L
SBP<90 mm Hg
Serum creatinine >3.5 mg/dL or currently 
undergoing renal replacement therapy

Inclusion:
One of the following: eGFR<60 mL/min 
per 1.73 m2, serum sodium ≤134 mEq/L, 
or urine output ≤125 mL/h following 
intravenous furosemide of ≥40 mg
Dyspnea, measured by the 5-point current 
dyspnea scale (moderately short of breath 
or worse), within 2 h of randomization and 
dosing
Exclusion:
SBP<90 mm Hg
Serum sodium >144 mEq/L
Serum creatinine >3.5 mg/dL or dialysis

Tolvaptan dosing 30 mg of tolvaptan daily and continued 
post discharge

30 mg of tolvaptan vs placebo given at 0, 
24, and 48 h

30 mg of tolvaptan vs placebo during 
hospitalization (for up to 7 days)

Primary end point The primary end point for the short-
term trials was a composite of patient-
assessed global clinical status with a 
visual analogue scale and body weight at 
day 7 or discharge.
The coprimary end points for the long-
term outcome trial were all-cause 
mortality and cardiovascular mortality/HF 
hospitalization

Proportion of patients with at least 
moderate improvement in dyspnea by 
7-point Likert scale at both 8 and 24 h 
and without the need for rescue therapy or 
death within 24 h

Self-assessed 7-point dyspnea score at 8 
and 16 h

Secondary end points Patient-assessed dyspnea (day 1)
Body weight (days 1 and 7/discharge)
Peripheral edema day 7/discharge
Global clinical status at day 7/discharge
Cardiovascular mortality or hospitalization
Clinical worsening HF
Sodium level at day 7
Kansas City Cardiomyopathy 
Questionnaire at outpatient week 1

Assessments at 24, 48, and 72 h:
Change in 11-point numeric rating system 
(NRS) assessment of dyspnea
Change in serum creatinine
Change in serum sodium
Change in body weight
Net fluid loss
Proportion of patients free from clinical 
congestion (ie, JVD<8 cm, no orthopnea, 
trace peripheral edema or less at 24, 48, 
and 72 h).
Proportion with worsening or persistent 
heart failure (ie, need for rescue therapy 
or death)
Proportion with worsening renal function (ie, 
increase in creatinine ≥0.3 mg/dL)
Length of stay
Total days hospitalized or deceased within 
30 days
Death, hospitalization, or urgent clinic/ED 
visit within 30 days

Assessments up to 7 days:
Change in body weight
In-hospital diuretic dose
Change in eGFR
Change in BNP
Change in NGAL
Change in 5-point current dyspnea score
Change from baseline in cognitive function 
at 48 h or discharge
Days alive and out of the hospital over 
30 days
Rehospitalization for worsening heart 
failure or death at 30 days

BNP indicates brain natriuretic peptide; ED, emergency department; EF, ejection fraction; eGFR, estimated glomerular filtration rate; EVEREST, Efficacy of Vasopressin 
Antagonist in Heart Failure Outcome Study With Tolvaptan; HF, heart failure; JVD, jugular venous distension; NGAL, neutrophil gelatinase-associated lipocalin; NT-
proBNP, N-terminal pro-BNP; NYHA, New York Heart Association; SBP, systolic blood pressure; SECRET of CHF, Study to Evaluate Challenging Responses to Therapy in 
Congestive Heart Failure; and TACTICS, Targeting Acute Congestion With Tolvaptan in Congestive Heart Failure Study.
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Abstract: Hyponatremia is the most common electrolyte abnormality seen in clinical practice. 
Most cases of euvolemic or hypervolemic hyponatremia involve arginine vasopressin (AVP). 
AVP leads to a concentrated urine and negative free water clearance. Given this primary role of 
AVP, antagonizing its effect through blockade of its receptor in the distal tubule is an attractive 
therapeutic target. Lixivaptan is a newer, non-peptide, vasopressin type 2 receptor antagonist. 
Recent studies have demonstrated efficacy. This review summarizes the clinical pharmacology 
and data for this new agent.
Keywords: vasopressin, hyponatremia, heart failure, lixivaptan, therapy, outcomes

Core evidence clinical impact summary for Lixivaptan in hyponatremia

Outcome 
measure

Evidence Implications

Disease-oriented evidence
Increase in serum 
sodium levels

Strong Lixivaptan reliably raises serum 
Na levels in euvolemic and 
hypervolemic hyponatremia due to 
SIADH and congestive heart failure

Increase in days 
alive out of 
hospital for heart 
failure patients

Absent The BALANCE trial was unable to 
show an increase in days alive and 
out of the hospital measure for 
heart failure patients

Patient-oriented evidence
Reduction in 
need for fluid 
restriction

Limited Trial results suggest patients may 
be able to achieve normal serum 
sodium with less need for fluid 
restriction

Improvement 
in cognitive 
symptoms of 
hyponatremia

Absent Use of the lixivaptan did not yield 
improvements in the Trail Making 
Test Part B versus placebo

Improvement 
in symptoms 
attributable to 
hyponatremia

Absent Improvement in serum sodium 
has been used as a surrogate 
for symptom improvement; but 
direct evaluation of symptom 
improvement remains to be studied

Economic evidence
Cost-effective 
in treatment of 
hyponatremia

Absent No data – further studies are 
needed to determine if potential 
savings from theoretical decreased 
admissions could justify pricing
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Overview of hyponatremia
Hyponatremia is the most common electrolyte abnormal-
ity encountered in both inpatient and ambulatory settings.1 
Prevalence is highest among hospitalized patients and elderly 
ambulatory patients, approaching 30% and 12%, respec-
tively.2,3 Traditionally, hyponatremia has been defined as a 
serum sodium less than 136 mmol/L, though there is varia-
tion between studies, which partially explains the variability 
in prevalence rates across some studies.4 Hyponatremia has 
been associated with numerous poor outcomes, including 
cognitive impairment, increased fracture rates, impairment in 
gait stability, and increased mortality.5–7 Even “mild” hypona-
tremia (often defined as serum sodium 130–135 mmol/L) 
has been shown to be associated with significant mortality 
and morbidity.7 Hyponatremia also imposes a significant 
economic burden, raising costs 40%–50% versus similar 
“normonatremic” patients.8

While hyponatremia is diagnosed by an abnormally low 
concentration of the serum sodium, physiologically, this 
represents a problem of water imbalance: an elevated ratio 

of total body water to total body sodium. Traditionally, a 
patient’s volume status has suggested etiology and dictated 
treatment. Hyponatremia is then generally categorized into 
three groups: hypervolemic, euvolemic, and hypovolemic.4 
While hypovolemic hyponatremia responds well to isotonic 
fluid administration, hypervolemic and euvolemic hypona-
tremia can be difficult to effectively treat using currently 
available therapies (eg, fluid restriction and diuretics). Part 
of this difficulty in management is related to the role of 
vasopressin in hyponatremia, which traditional therapies did 
not effectively target.

In normal physiology, vasopressin is released from the 
pituitary gland primarily in response to increases in serum 
osmolality sensed via osmoreceptors in the hypothalamus. 
In addition, vasopressin release is also stimulated by 
volume depletion.9 Vasopressin receptors exist in varying 
forms found throughout the body. There are three known 
vasopressin receptor types: V1a, V1b (V3), and V2.10,11 The 
V1a receptor form is found in vascular smooth muscle and 
the myocardium, V1b (V3) is found in the anterior pituitary, 

Basolateral side Apical side
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H2O

H2O
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Figure 1 Binding of vasopressin on the basolateral side of the principal cell activates a Gs-coupled protein which activates adenylyl cyclase (not pictured), increasing cyclic 
AMP concentrations. AQ2 is released from preformed vesicles and inserts in the apical membrane. Blocking of the V2 receptor leads to lack of AQ2 channel insertion and 
eventually a free water diuresis.
Abbreviations: cAMP, cyclic adenosine monophosphate; AQ2, aquaporin-2.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

48

Bowman and Rosner

Core Evidence 2013:8

therapy for SIADH or reinstituting therapy with tolvaptan 
must be monitored in a hospitalized setting. Both medications 
are associated with significant expense, and both carry the 
obvious risk of overly rapid sodium correction, reported 
in up to 9% of patients using conivaptan.39 This leaves a 
therapeutic opportunity for a vasopressin antagonist that 
is able to be initiated in outpatients, requires less frequent 
monitoring at startup, minimizes drug–drug interactions, and 
remains broadly effective in euvolemic and hypervolemic 
hyponatremia.

Lixivaptan pharmacology
Lixivaptan is a newer, nonpeptide, once-daily oral V2- 
receptor-specific antagonist. Initial in-vitro studies dem-
onstrated significant V2-receptor specificity over the V1a 
receptor in a mouse fibroblast cell line expressing human vaso-
pressin receptors.42 An early trial in patients with chronic heart 
failure demonstrated maximum urinary output at 2 hours and 
significant increased solute free water clearance up to 6 hours 
following administration.43 Aquaporin-2 excretion was noted 
at up to 8 hours in a dose-dependent relationship. Peak serum 
concentrations occur within 1–2 hours of ingestion, and steady 
state concentration is achieved in 2–6 days following chronic 
use.44 The half-life of lixivaptan is approximately 11 hours, 
and metabolism is via the cytochrome P450 system (primarily 
CYP3A4) with fecal elimination.44,45 As with any drug metabo-
lized via the cytochrome P450 system, there is potential for 
drug–drug interactions, as seen with other vaptans.

Phase 3 clinical trials – BALANCE, 
LIBRA, HARMONY
In documents submitted to the FDA, the manufacturer 
reported a total of 1,673 unique subjects receiving lixivap-
tan in all Phase 1, 2, and 3 trials.46 Three larger, multicenter, 
international, double-blinded randomized controlled trials 
have been performed to study lixivaptan in euvolemic 

hyponatremia and in acute decompensated heart failure.47–49 
The LIBRA and HARMONY trials evaluated the effect of 
lixivaptan on SIADH in the inpatient and outpatient settings, 
respectively, while the BALANCE trial evaluated the 
drug in congestive heart failure. All three studies used the 
primary endpoint of serum sodium level following 7 days 
of drug exposure. Secondary endpoints differed slightly. 
Design, major attributes, and results are listed for all three 
trials in Table 1.

BALANCE trial – hypervolemic 
hyponatremia
The BALANCE trial is a randomized, double-blind, placebo-
controlled trial that was designed to evaluate the effect of 
lixivaptan in acute decompensated heart failure.49,50 Subjects 
were enrolled based on hospitalization for worsening chronic 
congestive heart failure, serum sodium level between 120 and 
135 mEq/L, and evidence of volume overload as determined 
by prespecified clinical criteria. Patients were required to 
meet serum sodium entry criteria with a single measurement 
within 48 hours of admission to be enrolled. The study was 
performed between 2008 and 2010 and randomized a total 
of 652 patients to either lixivaptan (n  323) or placebo 
(n  329). The primary endpoint was change from baseline 
serum sodium at day 7 of therapy. Secondary endpoints 
included: (1) time averaged daily serum sodium area under 
the curve at day 60; (2) change from baseline to day 28, in 
time to complete the Trail Making Test Part B (a neurop-
sychological test of visual attention and task switching); 
(3) percentage of subjects with worsening of hyponatremia 
at any time during the treatment period; (4) percentage of 
subjects achieving normal serum sodium at days 7 and 60; 
and (5) days alive and out of the hospital for cardiovascular 
causes during the double blind on-therapy period. All patients 
received an initial dose of 50 mg of lixivaptan, with providers 
instructed to titrate dosing based on 8- and 24-hour repeat 

Table 1 Summary of characteristics, key end points and net treatment effect of Phase 3 trials of lixivaptan

BALANCE44,50 LIBRA44,47 HARMONY44,48

Placebo Lixivaptan Placebo Lixivaptan Placebo Lixivaptan

Number of subjects 329 323 52 54 52 154
Age (years) 64.7 64.9 65.2 66.4 62.7 66.6
% Subjects on fluid restriction – baseline 62.6% 65.0% 65.4% 37.0% 11.5% 16.9%
Initial dose lixivaptan (mg) N/A 50 N/A 50 N/A 25 mg
Mean baseline Na (mmol/L) 132.6 132.9 126.1 127.6 131.6 131.5
Mean Na  day 7 (mmol/L) 1.3 2.5 4.5 6.7 0.6 3.0

Mean Na  by trial end (mmol/L) 1.9 2.6 4.7 6.6 1.8 3.3
% of subjects with normalized Na day 7 24.3% 30.1% 23.1% 44.4% 12.2% 39.4%
Net treatment effect day 7 (mmol/L) 1.2 2.2 2.4

Abbreviations: N/A, not applicable; , change.
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Ø  Lixivaptan	 is	 a	 newer,	 nonpep1de,	 once-daily	 oral	 V2-receptor-specific	
antagonist	

Ø  In	 phase	 II	 trials	 the	 administra1on	 of	 lixivaptan	 was	 associated	 with	
significant	 increases	 in	 urine	 volume	 and	 solute-free	 water	 excre1on	
(Abraham	et	al,	JACC	2006)	and	reduc1on	in	body	weight	and	improved	
dyspnea	and	orthopnea	(Ghali	JK	et	al,	EJHF	2012)		

Ø  Lixivaptan	was	generally	well	tolerated	but	thirst	and	polyuria	occurred	
more	 frequently	 in	 the	 ac1ve	 drug	 group	 compared	with	 the	 placebo	
group	

Abraham	WT	et	al.	JACC	2006;47:1615-1621		
Ghali	JK	et	al.	EJHF	2012;14:642-651		

Abraham	WT	et	al.	Clin	Transl	Sci	2010;3:249-253		
Bowman	BT	et	al.	Core	Evidence	2013:8	47–56	
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 Treatment 
 Patients are assigned to receive oral lixivaptan (starting dose 50 mg 
once daily) or matching placebo within 48 hours of hospitalization. 
Lixivaptan doses will be titrated up to a maximum of 100 mg 
twice daily based on changes in serum sodium concentrations 
and volume status to achieve a slow correction of serum sodium 
over the fi rst 3 days of treatment (  Figure 1  ). Dose titration also is 
allowed between days 4 and 60 at the discretion of the investigator. 
Fluid restriction may be instituted, maintained, or adjusted at the 
discretion of the investigator at any time during the study.   

 Endpoints 
 Effi  cacy and safety endpoints are listed in   Table 2  . Th e primary 
study endpoint is the change from baseline in serum sodium 
concentrations at day 7 of treatment. Secondary study endpoints 
include the average area under the concentration-time curve of 
change from baseline in serum sodium concentrations up to day 
60; the percentage of patients with worsening hyponatremia (a 
reduction of ≥3 mEq/L in serum sodium concentrations) during 
the treatment period; the percentage of patients with normalized 
serum sodium concentration (>135 mEq/L) at day 60; and days 

of hospital-free survival (DHFS) during the treatment period 
(up to 60 days from randomization). DHFS is calculated by 
subtracting (from 60 days) the number of days the patient is 
hospitalized for cardiovascular causes and/or the patient is not 
alive during the planned 60-day treatment period. Cognitive 
impairment is assessed using the change from baseline in the 
time recorded for completion of the Trail Making Test, Part B 
(TMT–B) and the change from baseline in the Medical Outcomes 
Study-6 cognitive function scale (MOS-COG) at day 28. Th e 
TMT-B is a rater-administered, performance-based measure 
of a subject’s cognitive functioning. It requires the subject to 
visually scan a page containing a pseudorandom arrangement 
of circles containing either numbers or letters and to quickly and 
fl exibly alternate attention between the two sets of stimuli while 
connecting them in ascending sequence by drawing a continuous 
line with a pencil (i.e., 1-A-2-B-3-C….L-13)  . Performance on the 
test is measured in the total time it takes to sequentially connect 
the circles from beginning to end in the appropriate order. Th e 
MOS-COG instrument is a patient reported outcome measure. 

 Other endpoints include the change from baseline in body 
weight at day 2 (prior to day 2 dosing) and the change from 
baseline in patient-assessed dyspnea at 8 to 12 hours and at 
24 hours from fi rst dose. Safety endpoints include adverse 
events, vital signs, clinical laboratory tests, and 12-lead 
electrocardiograms.   

 Statistical considerations 
 A sample size of 125 patients in each group will have 98% power to 
detect a diff erence in serum sodium means at day 7 of 4.2 mEq/L 
(the diff erence between lixivaptan mean change from baseline of 
5.2 mEq/L and placebo mean change from baseline of 1.0 mEq/L) 
assuming that the common standard deviation of changes is 8.23 
using a 2-group  t -test with a 0.05 two-sided signifi cance level. Type 
III analysis in SAS ®  soft ware will be used for treatment comparisons 
based on an analysis of covariance model with treatment, country, 
and baseline sodium level (<130 mEq/L vs. ≥130 mEq/L) as factors 
and baseline sodium value as covariate  . 

   Figure 1.     Overview of study design and treatments.     

Endpoint Type Category

Change from baseline in serum sodium concentrations at day 7 Primary Serum sodium

Average area under the concentration-time curve of change from baseline in serum sodium 
concentrations up to day 60

Secondary Serum sodium

Percentage of patients with worsening hyponatremia (a reduction of ≥3 mEq/L in serum 
sodium concentrations) during the treatment period

Secondary Serum sodium

Percentage of patients with normalized serum sodium concentration (>135 mEq/L) at day 60 Secondary Serum sodium

Change from baseline in body weight at day 2 (prior to day 2 dosing) Other Aquaresis

Change from baseline in patient-assessed dyspnea at 8 hours and at 24 hours from fi rst dose Other Aquaresis

Change from baseline in the recorded time to complete the Trail Making Test, Part B, at day 28 Secondary Cognitive function

Change from baseline in the Medical Outcomes Study–6 cognitive function scale at day 28 and 
day 60

Other Cognitive function

Days alive and out of the hospital (for cardiovascular causes) during the treatment period 
(up to 60 days from randomization)

Secondary Morbidity and mortality

Adverse events Safety Safety

Vital signs Safety Safety

Clinical laboratory tests Safety Safety

12-lead electrocardiograms Safety Safety

   Table 2.     Study endpoints.   

90	days	
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serum sodium measures, up to a maximum of 100 mg daily. 
In the final protocol, fluid restriction was discouraged in the 
first 72 hours, but originally, patients were to be enrolled with 
hyponatremia, despite baseline fluid restriction.

The lixivaptan group demonstrated a statistically signifi-
cant but modest difference in the primary endpoint – change 
in serum sodium at day 7 of 2.5 mEq/L versus 1.3 mEq/L in 
the placebo group (P  0.001), a delta of 1.2 mEq/L between 
the two groups. In subsequent comments to the FDA, the 
sponsor suggested the dose titration scheme may not have 
been aggressive enough and a higher target sodium may 
have shown improved separation between groups. Also, 
the lack of fluid restriction in the first 72 hours, similar 
to the SALT trials, may also have moderated the effect of 
lixivaptan. Statistically significant differences in secondary 
endpoints were similarly modest, and there was no differ-
ence in the Trail Making Test Part B. Of note, the only hard 
clinical endpoint in any of the three trials – days alive and 
out of the hospital at 60 days, was not different between 
the two groups.

Adverse events were overall similar in both groups; how-
ever, there was an unusually high number of deaths early on 
in the lixivaptan group for unclear reasons – 15 in the first 
10 days of treatment versus four in the placebo group. This 
prompted the data safety monitoring committee to deliver a 
letter urging termination of the trial as soon as possible.

LIBRA and HARMONY – euvolemic 
hyponatremia
The LIBRA and HARMONY trials were conducted 
as randomized, double-blind, placebo-controlled trials, 
designed to evaluate the effects of lixivaptan in euvolemic 
hyponatremia – specifically SIADH.47,48 The trials differed 
in that LIBRA, like prior studies of vasopressin antagonists, 
involved in-hospital initiation and monitoring, while HAR-
MONY, uniquely, involved a short monitored initiation period 
(8 hours) followed by outpatient titration.

The LIBRA trial randomized 106 patients to receive 
either placebo (n  52) versus lixivaptan (n  54), initially 
at 50 mg daily, titratable to 100 mg daily. Inclusion criteria 
included a serum sodium 130 mmol/L and no overt signs of 
severe hyponatremia (eg, seizure or coma). Notably, patients 
with NYHA (New York Heart Association) Class 3 or 4 heart 
failure were excluded, as were patients with cirrhosis and 
those with hypovolemic hyponatremia. Both groups were 
generally similar, with the notable exception of percentage of 
patients on fluid restriction at trial beginning. Of the placebo 
patients, 65.4% began the trial on fluid restriction compared 

with only 37% in the lixivaptan group. Though the authors 
report there was no significant changes in fluid restriction 
percentage throughout the trial, investigators were allowed to 
add fluid restriction to pharmacologic therapy after 72 hours 
of study drug.

Primary and secondary endpoints were generally similar 
to the BALANCE trial with change in serum sodium at 7 days 
being the primary endpoint. Differences in secondary end-
points included the addition of “percentage of patients requir-
ing fluid restriction” and a lack of hard clinical endpoints. 
At the end of 7 days, the least squared mean change from 
baseline in the lixivaptan group was 6.7 versus 4.5 mmol/L 
in the placebo group – a treatment effect of 2.2 mmol/L. 
The percentage of patients with normal serum sodium at 
7 days was roughly double in the lixivaptan group compared 
with control (44.4% versus 23.1%). Differences in the Trail 
Making Test Part B were, again, nonsignificant between the 
two groups.

The HARMONY trial was similar to both BALANCE and 
LIBRA, with the notable difference that patients were enrolled 
from a variety of settings that included hospitalized patients, 
physician offices, long-term care facilities, and others. Overall, 
83% of subjects were not inpatients at time of enrollment. The 
dose titration monitoring plan was different than any prior 
Phase 3 trial of vasopressin antagonists. Subjects were admin-
istered study drug in a monitored setting, and sodium was 
rechecked 8 hours later using a point of care sodium monitor. 
Subjects with a change in serum sodium of 8 mmol/L were 
allowed to leave the monitored setting to return for checks at 24 
and 48 hours, while those with a change of 8 mmol/L were 
kept for further observation and serial measurements. Other 
differences from the previously noted lixivaptan trials included 
a longer duration of treatment – 8 weeks with a follow-on 
observation phase to 24 weeks total, a lower starting dose of 
25 mg, and a higher mean sodium of 131 mmol/L at baseline 
compared with LIBRA.

A total of 206 patients were randomized in a 3:1 fashion 
favoring the lixivaptan group. Again, the primary endpoint 
showed significant difference in serum sodium at 7 days 
favoring lixivaptan, with a mean improvement of 3.2 versus 
0.8 mmol/L for a treatment effect of 2.4 mmol/L. The per-
centage of patients on fluid restriction in this trial was much 
lower and more balanced at outset, with 12% in the placebo 
group and 17% in the lixivaptan group. Significant increases 
occurred in both groups, but the largest increase came in the 
placebo group, which at one point had nearly half the group 
on fluid restriction versus a maximum of 27% at any point 
in the lixivaptan group.
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and 48 hours, while those with a change of 8 mmol/L were 
kept for further observation and serial measurements. Other 
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centage of patients on fluid restriction in this trial was much 
lower and more balanced at outset, with 12% in the placebo 
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Vasopressin levels are often elevated in patients with heart
failure and LV dysfunction,8–12 and they seem to be associ-
ated with adverse cardiovascular outcomes in the setting of
LV dysfunction after myocardial infarction.13 These data
suggest that vasopressin may contribute to the circulatory
response in patients with heart failure and may also play a
role in the development and progression of heart failure.
Many of the prior studies examining vasopressin levels in
patients with heart failure or LV dysfunction were performed
in patients off of background medications and in an era before
the widespread use of ACE inhibitors and !-adrenergic
blockers as standard background therapy. In the current
study, we evaluated the hemodynamic effects of conivaptan,
a combined V1A and V2 vasopressin receptor antagonist, in a
randomized, prospective, placebo-controlled trial of patients
with advanced heart failure.

Methods
Patient Eligibility
Patients eligible for entry into the baseline evaluation phase of this
multicenter trial were required to be 18 to 90 years of age and have
symptomatic heart failure (New York Heart Association class III or
IV) of at least 3 months duration due to LV systolic dysfunction.
Patients were required to be on standard background therapy for
heart failure, including at least 1 month of therapy with a loop
diuretic and an ACE inhibitor (unless intolerance to such agents had
been demonstrated) and, optionally, digoxin and/or a !-adrenergic
blocker and/or spironolactone. Exclusion criteria included a supine
systolic blood pressure !90 mm Hg or uncontrolled hypertension,
uncontrolled bradyarrhythmias or tachyarrhythmias, pacemaker or
defibrillator implantation!60 days before screening, acute coronary
syndrome within 1 month of screening, severe obstructive pulmo-
nary disease, significant uncorrected valvular or congenital heart
disease, obstructive cardiomyopathy, or significant renal impairment
(defined as a serum creatinine "2.5 mg/dL or creatinine clearance
!30 mL/min). Patients on continuous intravenous inotropic therapy
within 72 hours of screening were also excluded.

Study Design
The protocol for this study and the consent form were approved by
the Institutional Review Boards at all participating sites in this
multicenter trial, and all patients signed the informed consent form.
Patients who provided informed consent, met all inclusion criteria,
and had no exclusion criteria entered a baseline inpatient phase in
which a balloon-floatation pulmonary artery catheter was inserted
using standard techniques. Patients received their daily dose of
concomitant background medications within 2 hours of catheter
insertion. Patients then entered a 6- to 16-hour stabilization period,
during which time hemodynamic measurements were intermittently
acquired. After this stabilization period, final eligibility criteria for
entry into the randomized, double-blind treatment phase included
pulmonary capillary wedge pressure (PCWP) "16 mm Hg and a
cardiac index #2.8 L · min–1 · m–2 on 2 successive readings at least
30 minutes apart during the 2 hours before initial study drug
administration. On the 2 successive measurements, PCWP and
cardiac index were required to be within #10% and #15%,
respectively, of the mean value to proceed into randomization and
study drug administration. Baseline hemodynamic measurements
were made after $6 hours of fasting, and patients were required to
remain fasting for the first 6 hours of the 12-hour treatment phase. A
urethral catheter was placed at least 2 hours before baseline mea-
surements for accurate measurement of urine output.
Patients eligible by baseline hemodynamic criteria were random-

ized to receive a double-blind intravenous dose, administered over
30 minutes, of placebo or 1 of 3 doses of conivaptan (10 mg, 20 mg,
or 40 mg) in a 1:1:1:1 ratio. Randomization was stratified as to

whether patients were receiving background therapy with
!-adrenergic blockers. Hemodynamic and renal parameters and vital
signs were measured at multiple time points over a 12-hour assess-
ment period (Figure 1). Background diuretics and other medications
were held during this time period, and fluid was restricted to 250 mL
every 2 hours from the time of insertion of the pulmonary artery
catheter throughout the treatment period.
The analysis of conivaptan pharmacokinetics included 104 pa-

tients who had conivaptan plasma concentrations determined at 1, 3,
8, 12, and 24 to 48 hours after starting the intravenous infusion.
Plasma samples were assayed for conivaptan by a validated liquid
chromatography-tandem mass spectrometry method in the positive
ionization mode. Pharmacokinetic parameters were determined using
a nonlinear mixed effects modeling approach with NONMEM
(version V, level 1.1, University of California at San Francisco).

Statistical Analysis
The sample size of 35 patients per group (140 patients total) was
calculated assuming a standard deviation of 3 mm Hg for the PCWP
peak change. The power of the study to detect a difference of
3 mm Hg in the PCWP peak change from baseline within 3 to 6
hours after treatment administration was set at 95% (with a 2-sided
error rate of 0.05 adjusted for multiple comparison using Dunnett’s
approach).
The prespecified primary efficacy parameters were (1) peak

change from baseline (the average of 2 qualifying baseline values) in
PCWP at 3 to 6 hours after the start of study medication infusion and
(2) area under the curve (AUC) for the change from baseline PCWP
over the 12-hour evaluation period. Secondary efficacy parameters
included peak change at 3 to 6 hours in cardiac index, systemic and
pulmonary vascular resistance, right atrial pressure, and renal and
electrolyte parameters (urine output, effective and free water
clearance).
All patients with valid baseline PCWP and at least one post-drug

measurement were included in the primary analysis of peak change
in PCWP. Treatment comparisons were done using an ANCOVA
that accounted for treatment effect, baseline !-blocker use, and
baseline PCWP. Analysis of AUC and other parameters was con-
ducted using a similar model. AUC was defined by the last PCWP
measurement obtained before study drug administration and all
consecutive measurements obtained after the infusion through the
end of the 12-hour treatment phase. The AUC was corrected for
baseline and calculated using the linear trapezoidal rule.

Results
Baseline Characteristics of the Population
The demographic and baseline hemodynamic characteristics
of the study population are shown in Table 1. Patients were
enrolled at 26 study centers in North America. Of 193
patients who met study criteria and underwent placement of a
pulmonary artery catheter, 142 patients met the baseline
hemodynamic entry criteria and were randomized into the

Figure 1. Study design. Tx indicates treatment; Meds, medica-
tions; and Rx, randomization and study drug.
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PCWP and right atrial pressure versus time curves through
the 12-hour evaluation period demonstrated significant dif-
ferences from placebo (P!0.05) in the 20 and 40 mg
conivaptan groups (Figure 3). Mean"SE AUCs
(in mm Hg#hours) for PCWP were $3.9"7 for placebo,
$22.9"7 for 10 mg, $29.8"8 for 20 mg, and $26.8"7 for
40 mg; for right atrial pressure, they were $0.9"5 for
placebo, $4.0"5 for 10 mg, $17.9"5 for 20 mg, and
$21.2"5 for 40 mg. These effects on PCWP and right atrial

pressure were not affected by the presence or absence of
!-blockers in background therapy.
There were no statistically significant changes in cardiac

index, pulmonary artery pressures, mean arterial pressures,
systemic or pulmonary vascular resistance, or heart rate
across the groups.

Effects of Conivaptan on Renal and
Electrolyte Parameters
During the 12-hour study period, urine output in the
conivaptan-treated groups was substantially greater than that
in the placebo-treated group (Figure 4). The single dose of
conivaptan produced a dose-dependent increase in urine
output, which peaked at 2 to 3 hours after the dose. Mean
change from baseline in urine flow rates 0 to 4 hours after
infusion were $11.3"17, 68.9"17, 152.2"19, and
176.2"18 mL/hour for placebo, 10 mg, 20 mg, and 40 mg
dosing groups, respectively (P!0.001). Urine osmolality was
significantly reduced by all doses of conivaptan relative to
placebo. Values (mean"SE) for placebo, 10, 20, and 40 mg
groups were $2.2"28, $249.8"27, $279.6"32, and
$319.3"26 mOsmol/kg, respectively (P%0.0001 for all
conivaptan groups versus placebo). Serum osmolality, serum

TABLE 2. Effect of Conivaptan on Hemodynamic Parameters (Peak Change at
3–6 hours)

Placebo

Conivaptan

10 mg 20 mg 40 mg

PCWP, mm Hg $2.6"0.7 $3.7"0.7 $5.4"0.7† $4.6"0.7*

CI, L ! min$1 ! m$2 0.3"0.1 0.2"0.1 0.4"0.1 0.2"0.1

MAP, mm Hg $4.1"1.3 $5.4"1.3 $6.0"1.4 $4.2"1.3

PVR, dynes ! s ! cm$5 $53.4"14.9 $38.0"15.1 $59.1"16 $36.1"15.3

SVR, dynes ! s ! cm$5 $185.2"43.8 $182.3"44.5 $284.2"47.1 $128.9"45

PAP, mm Hg $4.2"1.1 $6.0"1.1 $5.9"1.2 $6.3"1.1

RAP, mm Hg $2.0"0.4 $2.0"0.4 $3.7"0.4† $3.5"0.4*

HR, bpm $2.4"1.0 $1.1"1.0 $1.9"1.1 $0.4"1.1

*P!0.05, †P!0.01.
Values are mean"SE. CI indicates cardiac index; HR, heart rate; MAP, mean arterial pressure; PAP,

pulmonary arterial systolic pressure; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary
vascular resistance; RAP, right atrial pressure; and SVR, systemic vascular resistance.

Figure 2. A, Time course of changes in PCWP over the 12-hour
period after short-term treatment with 1 of 3 doses of
conivaptan or placebo. Changes were significant at the 20-mg
dose (P!0.01) and the 40-mg dose (P!0.05). B, Time course of
changes in right atrial pressure (RAP) over the 12-hour period
after short-term treatment with 1 of 3 doses of conivaptan or
placebo. Changes were significant at the 20-mg dose (P!0.01)
and the 40-mg dose (P!0.05).

Figure 3. Changes in AUCs for PCWP vs time plots over the
12-hour measurement period for the groups randomized to dif-
ferent doses of conivaptan or placebo.
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sodium, and potassium levels were not greatly different from
placebo in any of the conivaptan dosing groups (Table 3).

Vasopressin Levels and Relation of Hemodynamic
and Renal Parameters to Baseline Measurements
Median plasma arginine vasopressin levels were 2.7, 2.1, 2.9,
and 2.2 pg/mL in the placebo, 10 mg, 20 mg, and 40 mg
groups, respectively. Plasma levels of arginine vasopressin
were not significantly changed at 12 hours after study drug
administration, except for a slight increase in the 40-mg
randomization group (to 5.0 pg/mL).
In conivaptan-treated patients, there were no statistically

significant correlations between the changes in PCWP or
changes in urine output at 0 to 4 hours and baseline arginine
vasopressin levels (r!"0.1 and r!"0.2, respectively).
There were also no statistically significant correlations be-
tween changes in PCWP or changes in urine output at 0 to 4
hours and baseline serum sodium levels in conivaptan-treated
patients (r!"0.2 and r!"0.0, respectively).

Adverse Events
Acute conivaptan therapy was well tolerated, and there were
fewer adverse events reported after conivaptan than after
placebo treatment. Patient-reported adverse events in this
short-term study occurred in 63.2%, 59.5%, 56.3%, and
60.0% of the placebo, 10 mg, 20 mg, and 40 mg groups,
respectively. The most commonly reported event was head-
ache, which occurred in 7.9% of the placebo patients and
5.8% of the conivaptan-treated patients. There were no
drug-related deaths or other serious adverse events.

Conivaptan Pharmacokinetics
Conivaptan pharmacokinetics were best described by a
2-compartment model with Michaelis-Menten elimination.
Typical values for the maximum rate of elimination (Vmax),
Michaelis-Menten constant (Km), and intrinsic metabolic
clearance (Vmax/Km) were 5.08#1.89 mg/h, 289#151 ng/mL,
and 17.6#6.5 L/h, respectively. The typical terminal half-life
value was 7.80 hours (range, 5 to 12 hours). As shown in
Figure 5, maximum plasma concentration (Cmax) ranged from
$100 ng/mL at the lowest dose up to 1100 ng/mL at the
highest dose, and AUCs were in the range of 600 to 4000 ng
· h · mL–1.

Discussion
The data from this multicenter, randomized, double-blind,
placebo-controlled trial demonstrate that short-term antago-
nism of V1A and V2 vasopressin receptors with conivaptan
produced favorable hemodynamic and renal effects in pa-
tients with advanced heart failure. Decreases in PCWP and
right atrial pressure were accompanied by substantial in-
creases in urine output, without affecting systemic blood
pressure, heart rate, or serum electrolytes. Arginine vasopres-
sin levels observed in this population of heart failure patients
treated with contemporary background therapies were similar
to those measured in some previous studies,12,14–16 but lower

Figure 4. Urine output rates for the groups randomized to
conivaptan or placebo. There was a dose-dependent increase in
urine flow rates with increasing conivaptan dose (P%0.001).

TABLE 3. Effect of Conivaptan on Renal and Electrolyte Parameters

Placebo

Conivaptan

10 mg 20 mg 40 mg

Urine output (0–4 hr),* mL/hr "11.2#17.3 68.9#17.4‡ 152.2#19.2‡ 176.2#17.8‡

Urine osmolality (0–4 hr),* mOsmol/kg "2.2#27.9 "249.8#26.9§ "279.6#31.7§ "319.3#25.8§

Serum sodium (at 4 hr),† mEq/L "0.4#0.7 0.5#0.5 0.8#0.7 1.5#0.4

Serum osmolality (at 4 hr),† mOsmol/kg "2.4#1.5 1.8#0.9 3.0#1.1 1.9#1.8

Serum potassium (at 4 hr),† mEq/L "0.2#0.1 "0.1#0.2 0.1#0.1 "0.1#0.1

Values are *mean#SE or †mean#SE, change from baseline.
‡P%0.001; §P!0.0001.

Figure 5. Conivaptan plasma concentrations as a function of
time after the 10 mg, 20 mg, and 40 mg intravenous infusions.
Symbols represent observed concentrations, and lines represent
mean conivaptan plasma profiles predicted from the pharmaco-
kinetic model.
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Ø  Conivaptan	is	administered	iv	and	is	a	V1a/V2	receptor	blocker;	the	
aquare1c	effect	is	due	to	antagonism	of	the	V2	receptor	

Ø  142	 pa1ents	 with	 symptoma1c	 heart	 failure	 (NYHA	 III/IV)	 were	
randomized	to	double-blind,	short-term	treatment	with	conivaptan,	
at	a	single	intravenous	dose	(10,	20,	or	40	mg)	or	placebo		

Ø  No	data	on	symptoms	relief	and	outcomes	

p<0.001	

Udelson	JE	et	al.	CirculaIon	2001;104:2417-2423		

PCWP and right atrial pressure versus time curves through
the 12-hour evaluation period demonstrated significant dif-
ferences from placebo (P!0.05) in the 20 and 40 mg
conivaptan groups (Figure 3). Mean"SE AUCs
(in mm Hg#hours) for PCWP were $3.9"7 for placebo,
$22.9"7 for 10 mg, $29.8"8 for 20 mg, and $26.8"7 for
40 mg; for right atrial pressure, they were $0.9"5 for
placebo, $4.0"5 for 10 mg, $17.9"5 for 20 mg, and
$21.2"5 for 40 mg. These effects on PCWP and right atrial

pressure were not affected by the presence or absence of
!-blockers in background therapy.
There were no statistically significant changes in cardiac

index, pulmonary artery pressures, mean arterial pressures,
systemic or pulmonary vascular resistance, or heart rate
across the groups.

Effects of Conivaptan on Renal and
Electrolyte Parameters
During the 12-hour study period, urine output in the
conivaptan-treated groups was substantially greater than that
in the placebo-treated group (Figure 4). The single dose of
conivaptan produced a dose-dependent increase in urine
output, which peaked at 2 to 3 hours after the dose. Mean
change from baseline in urine flow rates 0 to 4 hours after
infusion were $11.3"17, 68.9"17, 152.2"19, and
176.2"18 mL/hour for placebo, 10 mg, 20 mg, and 40 mg
dosing groups, respectively (P!0.001). Urine osmolality was
significantly reduced by all doses of conivaptan relative to
placebo. Values (mean"SE) for placebo, 10, 20, and 40 mg
groups were $2.2"28, $249.8"27, $279.6"32, and
$319.3"26 mOsmol/kg, respectively (P%0.0001 for all
conivaptan groups versus placebo). Serum osmolality, serum

TABLE 2. Effect of Conivaptan on Hemodynamic Parameters (Peak Change at
3–6 hours)

Placebo

Conivaptan

10 mg 20 mg 40 mg

PCWP, mm Hg $2.6"0.7 $3.7"0.7 $5.4"0.7† $4.6"0.7*

CI, L ! min$1 ! m$2 0.3"0.1 0.2"0.1 0.4"0.1 0.2"0.1

MAP, mm Hg $4.1"1.3 $5.4"1.3 $6.0"1.4 $4.2"1.3

PVR, dynes ! s ! cm$5 $53.4"14.9 $38.0"15.1 $59.1"16 $36.1"15.3

SVR, dynes ! s ! cm$5 $185.2"43.8 $182.3"44.5 $284.2"47.1 $128.9"45

PAP, mm Hg $4.2"1.1 $6.0"1.1 $5.9"1.2 $6.3"1.1

RAP, mm Hg $2.0"0.4 $2.0"0.4 $3.7"0.4† $3.5"0.4*

HR, bpm $2.4"1.0 $1.1"1.0 $1.9"1.1 $0.4"1.1

*P!0.05, †P!0.01.
Values are mean"SE. CI indicates cardiac index; HR, heart rate; MAP, mean arterial pressure; PAP,

pulmonary arterial systolic pressure; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary
vascular resistance; RAP, right atrial pressure; and SVR, systemic vascular resistance.

Figure 2. A, Time course of changes in PCWP over the 12-hour
period after short-term treatment with 1 of 3 doses of
conivaptan or placebo. Changes were significant at the 20-mg
dose (P!0.01) and the 40-mg dose (P!0.05). B, Time course of
changes in right atrial pressure (RAP) over the 12-hour period
after short-term treatment with 1 of 3 doses of conivaptan or
placebo. Changes were significant at the 20-mg dose (P!0.01)
and the 40-mg dose (P!0.05).

Figure 3. Changes in AUCs for PCWP vs time plots over the
12-hour measurement period for the groups randomized to dif-
ferent doses of conivaptan or placebo.
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Efficacy and Safety of the Vasopressin V1A/V2-Receptor
Antagonist Conivaptan in Acute Decompensated Heart Failure:

A Dose-Ranging Pilot Study

STEVEN R. GOLDSMITH, MD,1 URI ELKAYAM, MD,2 W. HERBERT HAUGHT, MD,3 ABHIJIT BARVE, MD, PhD,4

AND WEIZHONG HE, PhD4

Minneapolis, Minnesota; Los Angeles, California; Deerfield, Illinois

ABSTRACT

Background: Hospitalization for acute decompensated heart failure (ADHF) involves substantial mor-
bidity and mortality. Current management strategies have major limitations, and there has been little prog-
ress in the development of newer therapies. Arginine vasopressinereceptor antagonists may have promise
in the treatment of ADHF in view of their ability to facilitate diuresis. This pilot study was designed to
evaluate the efficacy and safety of intravenous conivaptan, a dual arginine vasopressin V1A/V2-receptor
antagonist, in treating ADHF.
Methods and Results: In a double-blind, multicenter trial, 170 patients hospitalized for worsening heart
failure and given standard therapy were randomly assigned to treatment with conivaptan (20-mg loading
dose followed by 2 successive 24-hour continuous infusions of 40, 80, or 120 mg/d) or placebo. The con-
ivaptan and placebo groups did not differ significantly in patient or clinician assessments of global and
respiratory status at 48 hours. There was no evidence of worsening heart failure in any group. Conivaptan
at each dosage increased urine output significantly more than placebo at 24 hours (P # .02), with the dif-
ference averaging 1.0 to 1.5 L. Decreases in mean body weight with conivaptan 40 and 80 mg/d
(w 1e2 kg) paralleled the increases in urine output but did not reach statistical significance. Conivaptan
was well tolerated and not associated with clinically important changes in vital signs, electrolyte distur-
bances, or cardiac rhythm. The most common adverse events were infusion-site reactions.
Conclusion: When added to standard therapy for ADHF, conivaptan safely improves urine output. Fur-
ther study of this compound in ADHF may be warranted, especially in view of the limitations of current
treatment for this syndrome. (J Cardiac Fail 2008;14:641e647)
Key Words: Acute heart failure, aquaresis, diuresis.

Acute decompensated heart failure (ADHF) is the pri-
mary diagnosis for approximately 1 million hospitalizations
in the United States and the secondary diagnosis for ap-
proximately 2 million hospitalizations.1 Hospitalization

for ADHF is also associated with substantial morbidity
and mortality.2 In the Acute Decompensated Heart Failure
National Registry, the in-hospital mortality for this condi-
tion was 4%,3 and in the Outcomes of a Prospective Trial
of Intravenous Milrinone for Exacerbations of Chronic
Heart Failure study, the 60-day mortality in patients hospi-
talized for ADHF was 9.6%.4 Depending on the patient
population, the combined risk of death or rehospitalization
within 60 to 90 days of discharge for ADHF is between
30% and 70%.4e6 Within 6 months of discharge, approxi-
mately half of patients hospitalized for heart failure require
readmission.7 It is clear that better treatment for ADHF is
needed.

Diuretics are the first-line therapy for pulmonary conges-
tion or peripheral edema secondary to fluid overload.8 De-
spite providing rapid symptomatic relief and reducing
volume overload, diuretics may promote neurohormonal
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24, 48, and 72 hours, and the change from baseline in body weight
at 24, 48, and 72 hours. Patient and clinician global assessments
and dyspnea assessments, change from baseline in respiratory
rate, total daily fluid intake, and a comparison of 9 clinical signs
of heart failure with baseline findings were also recorded. The fol-
lowing clinical signs of heart failure were evaluated: elevated jug-
ular venous pressure, pulmonary rales, pleural effusion, third heart
sound, cardiac murmur, hepatomegaly, ascites, leg edema, and
presacral edema.

Statistical Analysis

A 2-sided analysis of covariance was used to analyze differ-
ences among treatment groups in AUC change from baseline in re-
spiratory VAS, global VAS, and body weight; baseline values were
included as covariates. Intergroup differences in urine output mea-
sures underwent an analysis of variance. Continuous variables
were summarized by descriptive statistics and discrete variables,
by frequency and percentage. The threshold of significance in
the comparative efficacy analyses was .05.

Safety Assessments

Safety was evaluated by the incidence and severity of treatment-
emergent adverse events (AEs); change from baseline in vital
signs, physical examination findings, and ECG findings; and clin-
ical laboratory results.

Results

Baseline Characteristics

Of 170 randomized patients, 162 received the study drug
and had at least 1 efficacy assessment; 143 completed treat-
ment (Fig 1). Of the 27 patients who discontinued treat-
ment, 11 did so because of AEs (1 patient each in the
placebo and conivaptan 40-mg groups, 4 patients in the
80-mg group, and 5 patients in the 120-mg group). Other
reasons for study discontinuation included lack of compli-
ance (3 patients), lack of efficacy (3 patients), administra-
tive (8 patients), and withdrawn consent (2 patients).

Among patients who received study treatment, 63% were
men, and the mean age was 63.5 years. A total of 91% had
chronic New York Heart Association class III/IV heart

failure, and mean left ventricular ejection fraction was
29.5%. The concomitant use of medications for heart
failure was common and similar in each group (Table 1).

Efficacy

Respiratory and global VAS scores indicated no significant
difference between conivaptan and placebo in AUC change
from baseline at 48 hours. Conivaptan and placebo did not
differ significantly in change from baseline in the global
and dyspnea assessments by patients and clinicians. A small
mean decrease in respiratory rate occurred in each group,
again with no significant differences between conivaptan
and placebo in changes from baseline. Neither worsening
nor improvement in heart failure was evident in any group.

The total urine output (AUC) at 72 hours was signifi-
cantly greater with each conivaptan dosage than with pla-
cebo (Fig 2); a statistically significant doseeresponse
relationship was observed (P 5 .003). All conivaptan-
treated groups demonstrated significantly greater total
mean daily urine output at 24 hours (P # .02 vs placebo).
Urine output was also significantly greater with conivaptan
80 or 120 mg/d at 48 hours (P # .004) and with 40 mg/d at
72 hours (P 5 .046) than with placebo (Fig 3). Mean body
weight decreased from baseline in all groups at 24, 48, and
72 hours. The decreases in body weight with conivaptan 40
and 80 mg/d ranged from 0.7 to 2 kg greater than with pla-
cebo. These changes paralleled the increases in urine output
but did not reach statistical significance compared with pla-
cebo (Fig 4). Mean daily fluid intake was approximately 0.1
to 0.4 L higher in the conivaptan groups than in the placebo
group, except during the 48- to 72-hour evaluations among
patients taking conivaptan 40 or 80 mg/d. Clinical signs of
heart failure were improved consistently in all groups on
day 30.

Other Findings

With both conivaptan 40 and 80 mg/d, the median
plasma conivaptan concentrations at 24 hours were similar
to those at 48 hours; with conivaptan 120 mg/d, the median

Randomized

(N = 170)

Received Study Drug

(N = 162)

Conivaptan

120 mg/d

(n = 42)

Completed

(n = 33)

Placebo

(n = 40)

Completed

(n = 39)

Conivaptan

40 mg/d

(n = 40)

Completed

(n = 35)

Conivaptan

80 mg/d

(n = 40)

Completed

(n = 36)

Fig. 1. Disposition of patients.
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Given conivaptan’s mechanism of action and the impor-
tance of hemodynamic stability when treating ADHF, any
changes in blood pressure could be clinically relevant.
Evaluations for hypotension and hypertension revealed no
significant differences between the conivaptan and placebo
groups. At 48 hours, mean changes from baseline in sys-
tolic blood pressure were e4.9 mm Hg, e8.6 mm Hg,
and e4.3 mm Hg among patients given conivaptan
40 mg/d, 80 mg/d, and 120 mg/d, respectively. Mean
changes in diastolic pressure were e1.8 mm Hg,
e5.2 mm Hg, and e6.0 mm Hg in the 3 dose groups, re-
spectively. Among patients given placebo, mean changes
in systolic and diastolic pressures were e8.8 mm Hg and
e6.1 mm Hg. The ECG findings at baseline and at 24
and 48 hours after study drug infusion were abnormal in
89% of patients in each treatment group. Only 4 patients
with a normal ECG at baseline had an abnormal ECG after
baseline. Conivaptan was not associated with any clinically
significant changes in heart rate. At 48 hours, the mean
changes from baseline in heart rate ranged from e4.3 and
1.0 beats/min among all conivaptan groups and e2.0
beats/min among those given placebo.

Most reported AEs were mild or moderate, and the most
common AEs that occurred in all conivaptan groups at

a higher incidence than with placebo were related to infu-
sion-site reactions (Table 3). Other than infusion-related
events, the incidence of AEs associated with all doses of con-
ivaptan was similar to that observed with placebo. Among
patients given conivaptan, AEs potentially related to study
treatment affected between 40% and 60% of all groups and
seemed to be dose-dependent. Except for infusion-site reac-
tions, none of these treatment-related AEs occurred in more
than 2 patients in any group. Most infusion-related AEs were
mild; 3 patients given conivaptan 120 mg/d and 1 patient in
each of the other groups had severe reactions.

Hepatic AEs were noted in 1 patient given placebo and in
2 patients each given conivaptan 40 and 120 mg/d; none of
these events were serious or led to changes in study drug
administration. Renal AEs occurred in 7 patients (18%)
given placebo, 11 patients (28%) given conivaptan 40 mg/
d, 9 patients (22%) given conivaptan 80 mg/d, and 7 pa-
tients (17%) given conivaptan 120 mg/d. One patient
(2%) taking conivaptan 80 mg/d discontinued treatment be-
cause of an acute exacerbation of chronic renal failure.
Thrombocytopenia was observed in 2 patients (5%) given
placebo and in 1 patient (2%) given conivaptan 40 mg/d;
none of the events were judged related to treatment.

The incidence of any clinically significant abnormality in
hematologic and clinical chemistry tests was similar in the
study groups and ranged from 24% with conivaptan
120 mg/d to 38% with placebo. Clinically significant eleva-
tions in blood urea nitrogen were noted in 7 of 40 patients
(18%) in the placebo group, and in 8 of 40 patients (20%)
given conivaptan 40 mg/d, 7 of 40 patients (18%) given
conivaptan 80 mg/d, and 4 of 42 patients (10%) given con-
ivaptan 120 mg/d. Serum creatinine elevations of clinical
consequence were recorded in 7 patients (18%) in the pla-
cebo group, and in 7 patients (18%), 6 patients (15%), and 7
patients (17%) in the respective conivaptan groups. At 24
and 48 hours, respectively, mean þmn; standard deviation
increases from baseline in serum [Mg2þ] were significantly
greater with conivaptan 120 mg/d (0.07þmn; 0.11 mmol/
L, 0.14þmn; 0.27 mmol/L) than with placebo
(0.03þmn; 0.12 mmol/L, 0.06þmn; 0.17 mmol/L; P !
.05). A significant mean þmn; standard deviation increase
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from baseline in serum [Kþ] was observed at 72 hours with
conivaptan 120 mg/d (0.32þmn; 0.68 mmol/L) compared
with placebo (0.07þmn; 0.61 mmol/L; P 5 .039). None
of the increases in serum [Mg2þ] and [Kþ], however,
were clinically relevant.

Discussion

In this pilot study in patients with ADHF, conivaptan was
effective in producing a significant increase in urine output
compared with standard care at each dose studied. On aver-
age, treatment with conivaptan produced a total increase in
urine output of 1.0 to 1.5 L in 24 hours. Both placebo and

conivaptan groups received oral loop diuretic therapy; thus,
the effect of conivaptan was seen in addition to, not in place
of, standard therapy. Changes in body weight paralleled the
increases in urine output and seemed to be clinically relevant
with the 40- and 80-mg/d doses, although not significantly
different compared with placebo. Conivaptan did not alleviate
signs and symptoms of heart failure to a degree greater than
placebo, as indicated by global and respiratory VAS scores.

Patients treated with conivaptan did not seem to be at in-
creased risk for any major disturbance in blood chemistry,
nor were there any cardiovascular complications, such as
hypotension or atrial arrhythmias, including atrial fibrilla-
tion. This is important in view of the negative impact
such complications have had on short-term outcomes in
studies of other agents.4,26 In particular, because excessive
hypotension has been linked to poor outcome, and because
the contemporary treatment of heart failure focuses on
agents that interrupt signaling of the renin-angiotensin-
aldosterone system and sympathetic nervous system, it was
important to demonstrate the safety of an agent that could,
in theory, induce hypotension by way of V1A-receptor an-
tagonism.27 As noted, clinically significant hypotension
was not seen in this study, which included severely ill pa-
tients, most of whom were receiving angiotensin-convert-
ing enzyme inhibitors and b-adrenergic blockers, which
suggests that a combined V1A/V2 blocker carries a low
risk of causing clinically meaningful decreases in blood
pressure in this population. Without specific hemodynamic
measurements, however, it is not possible to determine
whether there were any changes in cardiac output or sys-
temic vascular resistance in response to conivaptan.

Most AEs with conivaptan were mild infusion-site reac-
tions, with few necessitating discontinuation of treatment.
These reactions are believed to be due to the polypropylene
glycol buffer in which the compound is dissolved. The per-
centage of patients who discontinued participation because
of AEs was highest among those given the highest conivap-
tan dose. This group also seemed to have been more ill than
the other groups, as reflected in their higher multifactorial
mortality at 30-day follow-up. The overall safety profiles
for conivaptan 40 and 80 mg/d were similar.

This pilot study demonstrated a dissociation between di-
uretic efficacy and symptom scores in response to conivap-
tan. These findings are similar to those reported in the
Ultrafiltration versus Intravenous Diuretics for Patients
Hospitalized for Acute Decompensated Congestive Heart
Failure (UNLOAD) trial, which demonstrated that although

Table 2. Change From Baseline in Plasma Arginine Vasopressin

Plasma AVP, pg/mL* Placebo (n 5 40) Conivaptan 40 mg/d (n 5 40) Conivaptan 80 mg/d (n 5 40) Conivaptan 120 mg/d (n 5 42)

Baseline 2.14 (1.76) 2.79 (5.67) 2.21 (1.91) 2.13 (1.81)
Hour 24 1.56 (1.47) 2.76 (2.47)y 2.59 (1.46)y 3.78 (2.14)z

Hour 48 1.73 (2.39) 3.00 (3.65) 3.07 (1.66)y 3.93 (2.06)z

AVP, arginine vasopressin.
*Mean (þmn; standard deviation).
yP ! .05.
zP ! .001.

Table 3. Summary of Adverse Events

Event,
no. (%)

Placebo
(n 5 40)

Conivaptan
40 mg/

d (n 5 40)

Conivaptan
80 mg/

d (n 5 40)

Conivaptan
120 mg/

d (n 5 42)

Deaths* 1 (2.5) 2 (5.0) 1 (2.5) 6 (14.3)
Patients with

serious AEs
7 (17.5) 4 (10.0) 5 (12.5) 10 (23.8)

Discontinuations
due to AEs

1 (2.5) 2 (5.0) 3 (7.5) 6 (14.3)

Patients with
treatment-
related AEs

10 (25.0) 16 (40.0) 20 (50.0) 25 (59.5)

Most common AEsy

Infusion-site
phlebitis

2 (5.0) 7 (17.5) 13 (32.5) 14 (33.3)

Exacerbated
dyspnea

5 (12.5) 7 (17.5) 7 (17.5) 5 (11.9)

Hyperkalemia 2 (5.0) 5 (12.5) 2 (5.0) 1 (2.4)
Injection-site

cellulitis
0 4 (10.0) 2 (5.0) 3 (7.1)

Headache 3 (7.5) 2 (5.0) 1 (2.5) 4 (9.5)
Limb pain 0 3 (7.5) 2 (5.0) 2 (4.8)
Hypernatremia 0 2 (5.0) 3 (7.5) 2 (4.8)
Cough 2 (5.0) 3 (7.5) 1 (2.5) 1 (2.4)
Dizziness 2 (5.0) 3 (7.5) 0 1 (2.4)
Hematuria 1 (2.5) 1 (2.5) 3 (7.5) 0
Infusion-site
erythema

0 0 3 (7.5) 1 (2.4)

Decreased
blood
magnesium

0 1 (2.5) 3 (7.5) 0

Decreased
urine sodium

0 1 (2.5) 3 (7.5) 0

Infusion-site
tenderness

0 0 3 (7.5) 0

AE, adverse event.
*At 30-day follow-up, excluding 1 patient who died of an event that

began more than 30 days after randomization.
yOccurring in $ 7.5% of any group taking conivaptan and at a higher

incidence than with placebo.
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Given conivaptan’s mechanism of action and the impor-
tance of hemodynamic stability when treating ADHF, any
changes in blood pressure could be clinically relevant.
Evaluations for hypotension and hypertension revealed no
significant differences between the conivaptan and placebo
groups. At 48 hours, mean changes from baseline in sys-
tolic blood pressure were e4.9 mm Hg, e8.6 mm Hg,
and e4.3 mm Hg among patients given conivaptan
40 mg/d, 80 mg/d, and 120 mg/d, respectively. Mean
changes in diastolic pressure were e1.8 mm Hg,
e5.2 mm Hg, and e6.0 mm Hg in the 3 dose groups, re-
spectively. Among patients given placebo, mean changes
in systolic and diastolic pressures were e8.8 mm Hg and
e6.1 mm Hg. The ECG findings at baseline and at 24
and 48 hours after study drug infusion were abnormal in
89% of patients in each treatment group. Only 4 patients
with a normal ECG at baseline had an abnormal ECG after
baseline. Conivaptan was not associated with any clinically
significant changes in heart rate. At 48 hours, the mean
changes from baseline in heart rate ranged from e4.3 and
1.0 beats/min among all conivaptan groups and e2.0
beats/min among those given placebo.

Most reported AEs were mild or moderate, and the most
common AEs that occurred in all conivaptan groups at

a higher incidence than with placebo were related to infu-
sion-site reactions (Table 3). Other than infusion-related
events, the incidence of AEs associated with all doses of con-
ivaptan was similar to that observed with placebo. Among
patients given conivaptan, AEs potentially related to study
treatment affected between 40% and 60% of all groups and
seemed to be dose-dependent. Except for infusion-site reac-
tions, none of these treatment-related AEs occurred in more
than 2 patients in any group. Most infusion-related AEs were
mild; 3 patients given conivaptan 120 mg/d and 1 patient in
each of the other groups had severe reactions.

Hepatic AEs were noted in 1 patient given placebo and in
2 patients each given conivaptan 40 and 120 mg/d; none of
these events were serious or led to changes in study drug
administration. Renal AEs occurred in 7 patients (18%)
given placebo, 11 patients (28%) given conivaptan 40 mg/
d, 9 patients (22%) given conivaptan 80 mg/d, and 7 pa-
tients (17%) given conivaptan 120 mg/d. One patient
(2%) taking conivaptan 80 mg/d discontinued treatment be-
cause of an acute exacerbation of chronic renal failure.
Thrombocytopenia was observed in 2 patients (5%) given
placebo and in 1 patient (2%) given conivaptan 40 mg/d;
none of the events were judged related to treatment.

The incidence of any clinically significant abnormality in
hematologic and clinical chemistry tests was similar in the
study groups and ranged from 24% with conivaptan
120 mg/d to 38% with placebo. Clinically significant eleva-
tions in blood urea nitrogen were noted in 7 of 40 patients
(18%) in the placebo group, and in 8 of 40 patients (20%)
given conivaptan 40 mg/d, 7 of 40 patients (18%) given
conivaptan 80 mg/d, and 4 of 42 patients (10%) given con-
ivaptan 120 mg/d. Serum creatinine elevations of clinical
consequence were recorded in 7 patients (18%) in the pla-
cebo group, and in 7 patients (18%), 6 patients (15%), and 7
patients (17%) in the respective conivaptan groups. At 24
and 48 hours, respectively, mean þmn; standard deviation
increases from baseline in serum [Mg2þ] were significantly
greater with conivaptan 120 mg/d (0.07þmn; 0.11 mmol/
L, 0.14þmn; 0.27 mmol/L) than with placebo
(0.03þmn; 0.12 mmol/L, 0.06þmn; 0.17 mmol/L; P !
.05). A significant mean þmn; standard deviation increase
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p=NS	

polypropylene	glycol		
buffer		

AHF	

Global	and	respiratory	status	at	48h	did	not	differ	
significantly	 between	 conivaptan	 and	 placebo	
groups	



Ø fluid	should	not	be	restricted	 in	pa1ents	with	hyponatremia	who	start	AVP-receptor	antagonists	
and	 serum	 sodium	 concentra1on	 should	 be	 monitored	 every	 6-8	 h	 in	 order	 to	 avoid	 rapid	
correc1on	of	sodium	levels		

Ø although	osmo1c	demyelina1on	has	not	been	reported	with	the	use	of	AVP-receptor	antagonists	
in	studies	with	HF	pa1ents,	a	warning	leeer	was	recently	published	concerning	the	occurrence	of	
neurological	 sequelae	 in	some	pa1ents	 treated	with	 tolvaptan	 in	whom	the	correc1on	of	serum	
sodium	exceeded	the	suggested	rate	(FDA,	2013)	

Ø AVP-receptor	 antagonists	 should	 not	 be	 used	 in	 pa1ents	with	 hypovolemic	 hyponatremia,	 who	
should	instead	be	treated	with	isotonic	saline		

Ø adverse	effects	of	AVP-receptor	antagonists	 include	dry	mouth,	 thirst	and	 increased	urina1on	 in	
most	pa1ents		

Ø FDA	 based	 on	 a	 recent	 large	 clinical	 trial	 of	 tolvaptan	 in	 pa1ents	 with	 autosomal	 dominant	
polycys1c	kidney	disease	has	determined	that	tolvaptan	should	not	administrated	for	more	than	
30	d	or	in	pa1ents	with	underlying	liver	disease,	because	of	the	danger	of	significant	liver	injury,	
poten1ally	leading	to	liver	transplant	or	death		

Vaptans	
-	other	consideraHons	-	



Conclusions	
-	take	home	messages	-	

Ø  Many	 pa1ents	 with	 heart	 failure	 have	 decreased	 sodium	 levels	 due	 to	 neurohormonal	
mechanisms	(non-osmo1c	AVP	rise	play	a	key	role)	

Ø  In	 HF	 pa1ents	 decreased	 sodium	 levels	 are	 usually	 (or	 mainly)	 due	 to	 an	 hypervolemic	
(dilui1onal)	mechanism,	although	drugs	may	play	a	role	

Ø  Pa1ents	 with	 HF	 and	 hyponatremia	 have	 increased	morbidity	 and	 worse	 prognosis	 compared	
with	subjects	with	normal	sodium	levels	

Ø  Treatment	op1ons	for	hyponatremia	in	HF	such	as	fluid	restric1on	or	the	use	of	hypertonic	saline	
with	loop	diure1cs	have	limited	efficacy	and	compliance	issues		

Ø  AVP-receptor	 antagonists	 increase	 effec1vely	 sodium	 levels	 and	 their	 use	 seems	 promising	 in	
pa1ents	with	hyponatremia.	However,	it	is	not	clear	whether	normaliza1on	of	serum	sodium	also	
leads	to	an	improved	prognosis.		

Ø  In	pa1ents	with	HF	and	hyponatremia	the	effects	of	AVP-receptor	antagonists	on	the	mortality,	
quality	 of	 life	 and	 length	 of	 hospital	 stay,	 as	 well	 as	 their	 cost-effec1veness,	 have	 not	 been	
thoroughly	 examined	 in	 double-blind,	 placebo-controlled	 trials	 and	 should	 be	 field	 for	 future	
researches	

	



I think your HF patient 
is drinking too much  

water!!! 


