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Review Article

A mple evidence is available to implicate vasopressin, a small 
polypeptide that is synthesized in the hypothalamus and secreted from the 
posterior pituitary, in the pathogenesis of most hyponatremic disorders. As 

the most common electrolyte disorder, hyponatremia is consistently associated 
with increased mortality and morbidity. The treatment of hyponatremia has been 
plagued by a paucity of controlled studies and by a lack of reliable and safe ap-
proaches. Therefore, the regulatory approval of vasopressin antagonists represents 
a milestone in the field. This review summarizes the salient discoveries that cul-
minated in the development of these drugs and focuses on what vasopressin an-
tagonists do and do not do, side effects, emerging safety concerns, and important 
gaps in data. An attempt has been made to reconcile the disparate recommenda-
tions for the use of vasopressin antagonists that are available in two guidelines. 
The review concludes with suggestions as to how and when vasopressin antago-
nists should be used and for how long.

His t or ic a l B ackground

The milestones in vasopressin biology are summarized chronologically in Table 1. 
The observation that posterior pituitary extracts, which are rich in vasopressin, 
inhibit the excretion of urine1 was made after such extracts were reported to in-
crease blood pressure.2,3 Decades later, Verney and Jewell4,5 described the osmotic 
control of vasopressin release, Schrier et al. described the nonosmotic control,6 and 
Dunn et al. studied the interaction between the two control systems.7 Concomi-
tantly, Schwartz et al. described patients with lung carcinoma and concentrated 
urine samples who had hyponatremia that was caused by inappropriate secretion 
of vasopressin (i.e., antidiuretic hormone), a condition that is often called the 
syndrome of inappropriate secretion of antidiuretic hormone (SIADH).8 Vasopres-
sin secretion in SIADH was confirmed by means of radioimmunoassay.9

Purification and amino acid sequencing of vasopressin10 was soon followed by 
identification of the gene11 and cloning of the hormone receptors.12,13 The V1A recep-
tor, which is found in liver, smooth muscle, myocardium, brain, and platelets, and 
the V1B receptor, which is involved in the secretion of corticotropin in the anterior 
pituitary, initiate cell signaling by increasing the levels of intracellular calcium. 
The V2 receptor, which is located primarily in the basolateral membrane of collecting-
duct cells, signals by generating cyclic AMP. Loss-of-function and gain-of-function 
mutations cause X-linked disorders in water balance — congenital nephrogenic 
diabetes insipidus and nephrogenic syndrome of inappropriate antidiuresis (NSIAD), 
respectively. The discovery of water channels,14 one of which (aquaporin-2) is regu-
lated by vasopressin,15 completed the pathway of its cellular action. Mutations in the 
gene encoding aquaporin 2 (AQP2) cause autosomal recessive congenital nephrogenic 
diabetes insipidus or, more rarely, the autosomal dominant form of the disease.
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Elucidation of the amino acid sequence of 
vasopressin propelled research that led to the 
synthesis of polypeptide antagonists.16 These 
agents, which were plagued by low oral bio-
availability, residual agonist activity, and species 
heterogeneity,17 stimulated the development of 
oral nonpeptide antagonists (vaptans). Mozavap-
tan was first described in 199218 and was fol-
lowed by a more selective V2-receptor antagonist, 
tolvaptan.19 In 2006, mozavaptan was approved 
in Japan for tumor-associated SIADH. Tolvaptan 
and conivaptan (with the latter blocking both 
the V1A and V2 receptors) have garnered approval 
for the treatment of euvolemic and hypervolemic 
hyponatremia in the United States. Tolvaptan is 
approved in Europe by the European Medicines 
Agency and in Canada by Health Canada for the 
treatment of euvolemic hyponatremia.

Mech a nism of Ac tion

The stable expression of vasopressin receptors in 
cell lines has allowed for the study of their mo-
lecular mechanisms. Thibonnier et al. developed 
a three-dimensional model of the receptor and 
docked vasopressin in its binding site.20 Using 

site-directed mutagenesis and affinity binding, 
the investigators established the site on the re-
ceptor at which antagonists are likely to disrupt 
binding to the V1A

21 and V2
22 receptors (Fig. 1). 

Vasopressin binds at a superficial site, whereas 
the antagonist penetrates deeply into the mem-
brane, altering the ability of the agonist to bind 
to the receptor in the adjacent loop. This inhibi-
tion culminates in the prevention of the inser-
tion of water channels into the apical mem-
brane, which thereby inhibits the reabsorption 
of water and the generation of concentrated 
urine (Fig. 2). Cyclic AMP, which is implicated in 
the growth of renal cysts, fluid secretion, and 
cell proliferation,23 is a target for the treatment 
of adult polycystic kidney disease.24 Tolvaptan 
has not garnered approval for the treatment of 
this disorder from the Food and Drug Adminis-
tration (FDA).

Ph a r m acok ine tics a nd 
Ph a r m acody na mics of Va p ta ns

Conivaptan and tolvaptan have differing affini-
ties for the vasopressin receptor. The inhibitory 
constant (Ki) for each drug is summarized in 

Year Landmark

1895 Discovery that the use of pituitary extracts increases blood 
pressure

1898 Discovery that pressor activity resides in the posterior lobe

1913 Discovery that the use of pituitary extracts decreases urine  
excretion

1947 Discovery that vasopressin is released under osmotic control

1952 Report on the structure and amino acid sequence of  
vasopressin

1957 Localization of the osmoreceptor in the anterior hypothalamus

1957 Reports of patients with presumed vasopressin-mediated  
hyponatremia

1970s–1980s Synthesis of numerous polypeptide antagonists

1973–1975 Reports of nonosmotic release of vasopressin baroreceptors

1973 Development of radioimmunoassay for vasopressin

1982 Identification of gene encoding vasopressin carrier — neuro-
physin II — on chromosome 20

1991 Discovery of water channels

1992–1994 Cloning of human vasopressin V1 and V2 receptors

1992 Development of nonpeptide oral vasopressin antagonists

1994 Cloning of vasopressin-regulated water channel

2004–2008 Approval of vasopressin antagonists for treatment of  
hyponatremia

Table 1. Landmarks in Vasopressin Biology.

Figure 1. Binding of Vasopressin to Its Receptor and 
Location of Antagonist.

The tubular segments represent the seven transmem-
brane portions of the receptor, and the stringlike lines 
represent extracellular and intracellular loops. Vaso-
pressin and its antagonist do not occupy the same locus 
but are in adjacent regions. Modified and adapted from 
Macion-Dazard et al.22
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Table 2. Conivaptan is twice as potent as tolvap-
tan as an inhibitor of the V1 receptor, but tol-
vaptan is 2.5 times as potent an inhibitor of the 
V2 receptor.25,26 The relative inhibition of the two 
receptors (V2:V1 selectivity ratio) is much greater 
with tolvaptan (by a factor of 29) than with 
conivaptan (by a factor of 5.7). Thus, conivaptan 
is a nonselective vasopressin inhibitor, whereas 
tolvaptan is a more selective V2 inhibitor.

Table 2 summarizes the similar pharmaco-
kinetics of the two drugs.27 Each of the drugs 
has a half-life that ranges from 6 to 10 hours 
and has activity that peaks several hours after 
administration. The two drugs are highly pro-
tein-bound and are metabolized by the hepatic 

cytochrome P-450 isoenzyme CYP3A4 system, 
resulting in minimal (<5%) urinary excretion. 
Conivaptan is a potent inhibitor of this enzyme; 
concern for drug interactions has limited its use 
to a 4-day intravenous course, which makes it 
suitable for patients who are limited to this 
route of administration.

The two drugs share a number of pharmaco-
dynamic properties. Both increase urine flow 
and the excretion of electrolyte-free water, with-
out substantial changes in sodium or potassi-
um excretion, leading to their designation as 
aquaretic agents. Neither drug is effective in 
patients with advanced chronic kidney disease 
(stage 4 or 5).

Figure 2. Cellular Effects of Vasopressin and Consequences of Vasopressin Antagonism.

Panel A shows the cellular pathway of the hydroosmotic effect of vasopressin. The binding of the hormone to the V2 
receptor on the basolateral membrane of the principal cell of the collecting duct activates adenylyl cyclase and gener-
ates cyclic AMP (cAMP) from adenosine triphosphate (ATP). In turn, cAMP activates protein kinase A, which phos-
phorylates aquaporin water channels (AQP2) and induces them to relocate to the luminal membrane. This promotes 
the reabsorption of water from tubular fluid to blood, rendering the tubular fluid more concentrated (increased os-
molality). Panel B shows the consequences of vasopressin antagonism. In the presence of a vasopressin antagonist, 
the signaling pathway that is described in Panel A is not activated. As a consequence, the water permeability of the 
cell remains high and water is not reabsorbed, causing the excretion of dilute urine (decreased osmolality) and 
thereby increasing the level of sodium in the blood compartment.
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W h at Va sopr essin A n tag onis t s 
D o

In phase 3 trials, treatment with vasopressin 
antagonists consistently increased plasma sodi-
um levels. Intravenous conivaptan (at a dose of 
40 mg per day) increased plasma sodium levels 
by a mean of 6.3 mmol per liter.28 Likewise, in the 
Study of Ascending Levels of Tolvaptan in Hypo-
natremia 1 and 2 (SALT 1 and 2), tolvaptan (at an 
oral dose of 30 mg per day) increased the level 
by a mean of 3.6 mmol per liter at 4 days and by 
4.4 mmol per liter at 30 days.29 In a meta-analy-
sis of 15 randomized, controlled trials involving 
1619 patients, tolvaptan increased the mean 
plasma sodium level by 5.27 mmol per liter (95% 
confidence interval [CI], 4.27 to 6.26) on days 
3 to 7.30 In another meta-analysis of 11 random-
ized, controlled trials involving 1094 patients, 
vaptans increased the mean plasma sodium level 
by 5.7 mmol per liter (95% CI, 4.1 to 7.4).31

In an analysis of 20 randomized, controlled 
trials involving 2900 patients,32 the European 
Clinical Practice Guideline group, which consists 
of members of three medical societies with an 
interest in hyponatremia, found that the use of 
vasopressin antagonists led to a mean increase 

in the plasma sodium level of 4.30 mmol per 
liter (95% CI, 3.51 to 4.95) above that in the 
placebo group at 3 to 7 days. The increase per-
sisted at 7 months, in agreement with a study 
reporting persistent efficacy for up to 4 years.33 
In a hyponatremia registry of more than 3000 
patients, vasopressin antagonists increased the 
plasma sodium level by a median of 4.0 mmol 
per liter.34 The majority of patients in these trials 
had mild-to-moderate hyponatremia (sodium 
level, >125 mmol per liter) and were asymptom-
atic or had mild symptoms. Thus, the efficacy of 
vasopressin antagonists in increasing the plasma 
sodium level is unquestionable.

W h at Va sopr essin A n tag onis t s 
D o No t D o

Dependence on the excretion of free water makes 
the response to vasopressin antagonists too slow 
to benefit patients with hyponatremia who have 
severe cerebral symptoms. Such patients require 
a prompt decrease in the volume of brain water, 
which is best achieved with hypertonic saline.35 
At 8 hours, the use of tolvaptan was associated 
with a small increase in the sodium level in the 
SALT trials. At 12 hours, only half of patients 

Variable Conivaptan Tolvaptan

Inhibitory constant of vasopressin 
antagonist*

V1 receptor — nM 6.3 12.3

V2 receptor — nM 1.1 0.4

V2:V1 selectivity ratio 5.7 29.0

Pharmacokinetics of vasopressin 
antagonists†

Dose Intravenous administration, 
40 mg daily for 4 days

Oral administration, 
15 to 60 mg daily

Half-life — hr 6–10 6–8

Time to maximum aquaresis after 
administration — hr

2 2

Protein binding — % 95–99 99

Oral bioavailability — % 40–50 40–50

Primary metabolism CYP3A4 CYP3A4

Urinary excretion — % <1 <5

*  Data are adapted from Tahara et al.25 and Yamamura et al.26 The inhibitory constant (Ki) is the inhibitor level that pro-
duces half the maximal rate, so a smaller Ki value indicates a more potent inhibitor.

†  Data are adapted from Costello-Boerrigter et al.27

Table 2. Inhibitory Constants and Pharmacokinetics of Two Vasopressin Antagonists.
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receiving conivaptan had an increase of more 
than 4 mmol per liter in the plasma sodium 
level.36 Therefore, the vasopressin antagonists 
appear to have no role to play in the treatment 
of patients with hyponatremia who have severe 
central nervous system symptoms, in whom 
cerebral edema increases the risk of tentorial 
herniation. Similarly, patients with hypovolemic 
hyponatremia require volume repletion to halt 
nonosmotic release of vasopressin.35 Further-
more, V1A-receptor antagonists can cause hypo-
tension in such patients.

Compa r at or S t udies

Few studies comparing vasopressin antagonists 
with alternative treatments for hyponatremia are 
available. In a small, 1-year crossover study in-
volving 12 patients, increases in plasma sodium 
levels were similar among patients receiving 
tolvaptan and those receiving urea.37 (The draw-
backs of urea treatment are discussed later.) In a 
retrospective study of patients with similar so-
dium levels at baseline, there was no significant 
difference in sodium levels between 15 patients 
receiving conivaptan and 34 receiving hyper-
tonic saline at various times or at 24 hours.38 In 
the registry study, in which fluid restriction was 
the comparator, the relative likelihood of correc-
tion of the plasma sodium level by more than 
5 mmol per liter was most significant for patients 
receiving tolvaptan (2.55; 95% CI, 1.82 to 3.57), 
was less significant for hypertonic saline (1.60; 
95% CI, 1.16 to 2.20), and was not significant for 
isotonic saline.34 The registry study did not pro-
vide for randomization according to covariates 
that can affect responses to therapy, including 
the baseline plasma sodium level, age, and use 
of concomitant medications. These shortcomings 
notwithstanding, hypertonic saline and vasopres-
sin antagonists are the most predictable methods 
for increasing plasma sodium levels. Studies that 
directly compare vasopressin antagonists with 
demeclocycline (an antibiotic that is used off-
label for the treatment of hyponatremia) and 
with water restriction would be of interest.

A dv er se E v en t s

Polyuria, urinary frequency, thirst and mouth 
dryness,29 and constipation31 are more common 
among patients receiving tolvaptan than among 

those receiving placebo. In the Efficacy of Vaso-
pressin Antagonism in Heart Failure: Outcome 
Study with Tolvaptan (EVEREST), there were more 
adverse events among the 232 patients with hypo-
natremia who were receiving placebo than among 
the 242 patients who were receiving tolvaptan; in 
the latter group, only thirst and nausea were more 
common.39 In a study of adult polycystic kidney 
disease involving 1445 patients, elevations in 
hepatic enzymes were more frequent in the 
group receiving tolvaptan (at doses four times 
those that are administered for the treatment of 
hyponatremia) than in the control groups.26 In 
2 patients in that trial, the drug was withdrawn 
because of liver injury; such withdrawal resulted 
the resolution of the liver disorder. The FDA rec-
ommends limiting the use of tolvaptan to 30 days 
and specifically states that the drug should not 
be used in patients with liver disease.40 This sug-
gestion may not apply to patients with end-stage 
liver disease who are awaiting liver transplanta-
tion, since hyponatremia increases the risk of 
osmotic demyelination after transplantation.41

Excessive correction of hyponatremia enhances 
the risk of the osmotic demyelination syndrome. 
The risk ratio for overcorrection34 and for hyper-
natremia31 is higher among patients receiving 
vasopressin antagonists than among those receiv-
ing placebo. In the SALT trials, a rate of 0.5 mmol 
of sodium per hour was exceeded in 4 of 223 
patients receiving tolvaptan, and the plasma so-
dium level rose above 146 mmol per liter in a 
similar number of patients,29 although the os-
motic demyelination syndrome did not develop 
in any of the patients. In the Safety and Sodium 
Assessment of Long-term Tolvaptan with Hypo-
natremia (SALTWATER) study, 18 of 111 patients 
in the tolvaptan group had a plasma sodium 
level of more than 145 mmol per liter at least 
once.33 The osmotic demyelination syndrome was 
not diagnosed in any of these patients or in any 
of the patients with hyponatremia in EVEREST.42 
In the context of a review, a case of osmotic 
demyelination was reported in a patient receiv-
ing tolvaptan, in whom the plasma sodium level 
rose by 45 mmol to 167 mmol per liter.43 An-
other review article describes the osmotic demy-
elination syndrome in 2 additional patients who 
were receiving tolvaptan along with a 3% solu-
tion of sodium chloride.44 The manufacturer of 
tolvaptan (Otsuka America Pharmaceutical) issued 
a letter expressing concern in light of neurologic 
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sequelae in patients treated with tolvaptan “where 
the correction of serum sodium was exceeded.” 45 
It is unclear whether any of these patients had 
the osmotic demyelination syndrome, and there 
have been no communications to the reporting 
website of the Medicines and Healthcare Prod-
ucts Regulatory Agency in the United Kingdom 
(https://mhra.gov.uk/yellowcard). Despite the rar-
ity of the osmotic demyelination syndrome, the 
plasma sodium level should be frequently moni-
tored, and the need for action to prevent over-
correction cannot be overstated. To this end, the 
combination of hypertonic saline and a vaso-
pressin antagonist should be avoided.

R esis ta nce t o Va sopr essin 
A n tag onis t s

Approximately 15% of patients with hyponatre-
mia do not have a response to vasopressin an-
tagonists.46 This lack of response is seen in 
patients in whom urine is not diluted and 
electrolyte-free water is not excreted.

High Circulating Vasopressin Levels

Most patients with euvolemic and hypervolemic 
hyponatremia have vasopressin levels that range 
from 1 to 10 pg per milliliter, levels that are 
within the normal range but are inappropriately 
elevated in the hypotonic state.9 Since the vaptans 
appear to be competitive antagonists,18,47 it is pos-
sible that patients with very high hormone levels 
may not have a response to standard doses.

Vasopressin-Independent Diluting Defect

Among patients with cirrhosis in the SALT trials29 
(Fig. S1 in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org) 
and in the SALTWATER trials33 and among those 
with hypervolemia in a meta-analysis,31 the in-
crease in the plasma sodium level was more 
modest than among those with euvolemic hypo-
natremia. In addition, a lower percentage of 
these patients achieved a sodium level of more 
than 135 mmol per liter. The difference in re-
sponse was probably due to vasopressin-indepen-
dent impaired urinary dilution as a result of a 
reduced glomerular filtration rate, enhanced re-
absorption of proximal tubular fluid, or both. 
This combination of factors resulted in decreased 
delivery of tubular fluid to the cortical thick seg-
ment of the ascending limb of Henle’s loop, 

where it is rendered hypotonic; the tubular fluid 
is then delivered distally to vasopressin-respon-
sive nephron segments, where the hypotonicity 
is dissipated.48 These disturbances are prevalent 
among patients with advanced heart failure and 
particularly among those with cirrhosis.

Excessive Water Intake

If water intake exceeds or is equal to the amount 
that is excreted, the plasma sodium level will not 
increase. In such cases, patients may have persis-
tent hyponatremia despite the dilution of urine. In 
patients with SIADH, such a response may be 
caused by a “reset osmostat,” in which an increase 
in the plasma sodium level causes the secretion 
of vasopressin and stimulates thirst but does so 
at a lower-than-normal plasma sodium level.

Nephrogenic Syndrome of Inappropriate 
Antidiuresis

An activating mutation in the V2 receptor causes 
hyponatremia associated with NSIAD,49 a condi-
tion that has been reported in adults who have a 
resistance to vaptans.50 However, in a recent 
study, investigators found that a mutation in the 
vasopressin receptor may be uncommon in the 
10% of patients with SIADH who have no mea-
surable hormone levels.51

Va sopr essin A n tag onis t s  
in Pr ac tice Guidelines

Despite the paucity of data, panels have put forth 
recommendations for the treatment of hypona-
tremia.52 Of the available guidelines, two have 
garnered the most attention. The first set of 
guidelines was prepared by an expert panel that 
was supported by the manufacturer of tolvap-
tan53; the second set, the European Clinical 
Practice Guideline, was developed by members 
of three medical societies with an interest in 
hyponatremia without support from the pharma-
ceutical industry.32 However, the committee did 
not exclude persons who had potential conflicts 
of interest but, rather, insisted that such con-
flicts be declared. The two panels agree that 
limited data are available for treatment with 
demeclocycline, loop diuretics, and urea. How-
ever, they have divergent recommendations re-
garding the use of vasopressin antagonists 
(Table 3). The European guidelines do not rec-
ommend the use of vasopressin antagonists in 
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patients with euvolemia who have SIADH and 
recommend against their use in patients with 
heart failure, in whom the need for water restric-
tion and the wider use of urea are recommend-
ed. In contrast, the expert panel recommends 
that vasopressin antagonists be used in patients 
with SIADH when water restriction fails and 
states that vasopressin antagonists are “a viable 
option along with loop diuretics” in patients with 
heart failure. Such discrepancies may be ex-
plained by differences in drug availability and 
exposure and by different methods of analyzing 
and interpreting the data.54

There are cogent arguments on both sides of 
the debate over the use of vasopressin antago-
nists. The European panelists express concern 
regarding the neurologic consequences of over-
correction, the risk of hepatotoxicity, and the lack 
of data supporting a survival benefit. Their meta-
analysis of six trials of vasopressin antagonists 
including mortality (involving 733 patients) 
showed no significant difference between pa-
tients receiving a vasopressin antagonist and 
those receiving placebo (odds ratio for death in 
the vasopressin group, 0.67; 95% CI, 0.38 to 
1.18).32 In a phase 2 study involving patients with 
congestive heart failure who had an increased 
plasma sodium level, there was a 50% decrease 
in mortality 60 days after discharge.55 Nonethe-
less, in EVEREST, there was no survival benefit 
for the use of vasopressin antagonists,42 although 
the event rate in the subgroup with hyponatre-
mia was too small for a reliable analysis. It also 

has not been established whether vasopressin 
antagonists decrease the length of hospitaliza-
tion. In EVEREST, patients with hyponatremia 
had a longer hospital course than those with 
normonatremia; patients in the tolvaptan group 
had a lower mean length of stay, but the differ-
ence was not significant.56 In the SALT trials, 
patients with euvolemia (sodium level, <130 mmol 
per liter) who were included in a retrospective 
subgroup analysis had a significant decrease in 
the length of hospital stay.57 Finally, the high 
cost of vasopressin antagonists (which ranges 
from $300 to $350 per 30-mg tablet) represents 
another barrier to the use of these drugs.

The recommendations of the expert panel 
also have merit, particularly since none of the 
alternative approaches have been subjected to 
the rigors of a regulatory process requiring ran-
domized, controlled trials nor have they received 
the approval of any regulatory agency. Each of the 
alternative approaches lacks survival data, and 
each has limited efficacy or unacceptable side 
effects. Water restriction, while financially attrac-
tive, is frequently associated with low compli-
ance and is ineffective when urinary osmolality 
is greater than 500 mOsm per kilogram of body 
weight or the ratio of urinary to plasma electro-
lytes (sodium plus potassium levels) is greater 
than 1.58 These measures also predict the failure 
of treatment to increase the plasma sodium level 
with isotonic sodium chloride (0.9% solution).59,60 
Urea is distasteful and unavailable in a standard 
formulation for human consumption.

Hyponatremia Classification Expert Panel Recommendation* European Clinical Practice Guideline†

Hypovolemic hyponatremia Vaptan is not a treatment option. Vaptan is not a treatment option.

Euvolemic hyponatremia

Asymptomatic Vaptan is a treatment option. Vaptan is not a treatment option.

Moderate-to-severe central  
nervous system symptoms

Vaptan is not a treatment option. Vaptan is not a treatment option.

Hypervolemic hyponatremia

Asymptomatic Vaptan is a treatment option, except  
in patients with liver disease.

Vaptan is not a treatment option.

Moderate-to-severe central  
nervous system symptoms

Vaptan is not a treatment option. Vaptan is not a treatment option.

*  Data are adapted from Verbalis et al.53

†  Data are adapted from Spasovski et al.32 These guidelines were developed by members of three medical societies: the 
European Society of Intensive Care Medicine, the European Society of Endocrinology, and the European Renal Association–
European Dialysis and Transplant Association.

Table 3. Recommendations for the Use of Vaptans in the Treatment of Hyponatremia.
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Short-Term Use

Several therapeutic options are available to hos-
pitalized patients who have euvolemia or hyper-
volemia with mild or moderate symptoms attrib-
utable to hyponatremia, particularly if the plasma 
sodium level is more than 125 mmol per liter.61 
Among such patients, vasopressin antagonists, 
while not indicated for those with severe neuro-
logic symptoms, are simplest and safest to use. 
(A detailed case is described in the Supplementary 
Appendix.) After administration of the drug, the 
plasma sodium level should be monitored every 
4 hours. When an increase of 6 to 8 mmol per 
liter is achieved, water intake (orally or intrave-
nously as a 5% dextrose solution) is initiated to 
match urine output, which prevents the plasma 
sodium level from rising excessively and mini-
mizes the risk of demyelination.

Long-Term Use

In patients with irreversible euvolemic hypona-
tremia (<130 mmol per liter) who have a gait 
disturbance or a history of falls62,63 and who do 
not have a response to or are not compliant with 
water restriction, in my opinion the risk–benefit 
balance favors the use of tolvaptan. Treatment is 
initiated at a daily dose of 15 mg, and the plasma 
sodium level is monitored for 24 hours. The dose 
can be increased to 30 and 60 mg per day if the 
plasma sodium level does not rise by 5 mmol per 
liter, or above 135 mmol per liter, within ap-
proximately 1 week. Thereafter, monthly deter-
minations suffice. Water restriction is not advis-
able, since thirst and water intake help to prevent 
undesirable increases in the plasma sodium 
level. Liver enzymes should be monitored if the 
drug is used beyond the FDA-recommended du-
ration of 30 days; the drug should be discontin-
ued if liver enzymes are elevated to three times 
the upper limit of their normal level. In patients 

with decompensated heart failure, the drug acute-
ly improves congestion and dyspnea but is an 
adjunct to a natriuretic agent in the relief of 
f luid retention. The long-term effect of such 
treatment has not been determined.

The care of patients with hyponatremia car-
ries a substantial financial burden.64 It would be 
desirable if vasopressin antagonists were priced 
so as to mitigate rather than add to this burden. 
During the next decade, it would be highly desir-
able to establish whether the use of vasopressin 
antagonists has an effect on the length of hos-
pitalization and rehospitalization and to exam-
ine the effect on morbidity and quality of life. 
Such data could expand the use of an effective 
drug with an acceptable side-effect profile and 
help to answer the lingering question as to 
whether hyponatremia plays a pathogenic role or 
is simply an “innocent bystander” (i.e., a marker 
of more severe underlying disease).65

Conclusion

The advent of the use of vasopressin antagonists 
has provided physicians with a new means of 
increasing the plasma sodium level in patients 
with hyponatremia. These agents appear to offer 
substantial advantages over previously available 
therapies that have been shown to have limited 
efficacy, an unacceptable side-effect profile, or 
both. To ascertain whether such increases in the 
plasma sodium level have an effect on mortality 
and morbidity associated with hyponatremia is a 
challenge for the next decade.
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