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Abstract: Hyponatremia is associated with increased morbidity and mortality. Water restriction is usually the prescribed
treatment for most forms of asymptomatic hyponatremia. An oral vasopressin V2-receptor antagonist, tolvaptan has been
successfully used in the treatment of asymptomatic hyponatremia. In this retrospective study, tolvaptan (n=40) and a
control group (n=40) were compared for asymptomatic hyponatremia etiology and response to treatment. The syndrome
of inappropriate anti-diuretic hormone (SIADH) and congestive heart failure (CHF) were the most common causes of
asymptomatic hyponatremia that were treated with tolvaptan. Of note, the cause of hyponatremia was not clarified in 50%
of the control and 10% of the tolvaptan group. In the tolvaptan group, serum sodium concentration increased from
125±4.2 to 136±2.1 mEq/L (mean±SD, P<0.001) over 5±2 days while the control group did not show any change from its
baseline value of 129.9±3 vs 128±4 mEq/L. SIADH and CHF were the most common disorders associated with
asymptomatic hyponatremia and treated with tolvaptan. Importantly, 50% of the asymptomatic hyponatremia patients in
the control group were labeled as unclear etiology and did not receive tolvaptan. Increased awareness of the etiology and
mechanisms of asymptomatic hyponatremia development can identify individuals who benefit from tolvaptan therapy.
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INTRODUCTION
Hyponatremia is the most common electrolyte
disturbance that is encountered in hospitalized patients.
Nearly 25% of the hospitalized patients and 30% of the
patients in intensive care units develop hyponatremia [1, 2].
Asymptomatic hyponatremia defined as a serum sodium
concentration <135 mEq/L without altered mental status,
lethargy, nausea, vomiting, imbalance or seizures is
associated with increased morbidity and mortality [1, 2]. In
addition, hyponatremia imposes a huge economic burden on
the cost of medical care. A recent analysis of 168,000
patients from 39 medical centers revealed that the one-year
cost of medical care for patients with normal (>135 mEq/L)
serum sodium concentration was $9,257 versus $19,215 for
those with hyponatremia [3].
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Restriction of water intake is the usual treatment for
asymptomatic hyponatremia. Recently, two large multicenter
randomized trials demonstrated that tolvaptan, an oral
vasopressin V2-receptor antagonist, could increase serum
sodium concentration to the normal range [4].
In this retrospective study, we investigated the
characteristics of patients with asymptomatic hyponatremia
treated with tolvaptan and compared them to a control group
of patients with asymptomatic hyponatremia who did not
receive tolvaptan.
METHODS
We conducted a retrospective chart review of hospitalized patients with asymptomatic hyponatremia (serum
sodium concentration less than 135 mEq/L) who were
treated with tolvaptan over a one-year period. Demographic
characteristics and etiology of asymptomatic hyponatremia
were investigated. The dose and duration of tolvaptan
therapy were evaluated and the change in serum sodium
concentration was recorded. A control group of patients with
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asymptomatic hyponatremia in whom water restriction was
prescribed was identified over the same time frame of one
year. Demographic characteristics, etiology and change in
serum sodium concentration for the control group were also
documented. The data were recorded retrospectively. The
institutional review board approved the study. All study
procedures were carried out in accordance with the
Declaration of Helsinki regarding research involving human
subjects.
Data are expressed as mean ± standard deviation (SD).
Comparison of continuous variables between pre- and postmeasurements was performed using paired t-test. The
p value was considered significant if < 0.05. All statistical
analyses were done using Microsoft Excel (Redmond, WA).

Similarly, congestive heart failure (CHF) was significantly
more prevalent in the tolvaptan group than in the control
cohort (22.5% vs 2.5%; P<0.01). Asymptomatic
hyponatremia of unclear etiology was significantly more
common in the control group than in the tolvaptan group
(50% vs 12.5%; P<0.001). An analysis of the unclear
etiology patients in the control group revealed that 16/20
patients had a serum sodium concentration of 127±3 mEq/L,
serum osmolality of 276±3 mOsmol/kg H2O, urinary sodium
of 71.2±5 mEq/L and urine osmolality of 398±3 mOsmol/kg
H2O; findings that are consistent with the diagnosis of
SIADH (Table 3).
Table 1.

Demographic characteristics of the patients.
Tolvaptan
Group
(n=40)

Control
Group
(n=40)

Age (years)

71.4±3

64.5±4

NS

Body Mass Index

27.5

25.9

NS

Female

18 (45)

15 (38)

NS

Male

22 (55)

25 (62)

NS

White

33 (82)

36 (90)

NS

Black

4 (10)

3 (7)

NS

Hispanic

2 (5)

0 (0)

NS

Asian

1 (3)

1 (3)

NS

RESULTS
40 patients with asymptomatic hyponatremia who
received tolvaptan were identified. A cohort of another 40
patients with asymptomatic hyponatremia served as the
control group. Demographics of patients are presented in
Table 1. Most patients were elderly (>60 years) and
Caucasian (80%). 55% of the patients in the tolvaptan group
and 62% in the control group were male. Neither body
weight nor body mass index differed between the groups.
Table 2 presents the etiology of hyponatremia. The
syndrome of inappropriate anti-diuretic hormone (SIADH)
was significantly more prevalent in the tolvaptan group than
in the control group (57.5% vs 12.5%; P<0.001) (Fig. 1).

NOTE. NS (p value not significant).
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Fig. (1). Various etiologies of hyponatremia in the tolvaptan and control group are highlighted.
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Table 2.
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Causes of hyponatremia in the tolvaptan and control
group.

Cause of Hyponatremia

Tolvaptan
Group
Number (%)

Control
Group
Number (%)

SIADH

23 (57.5)

5 (12.5)

(p<0.001)

CHF

9 (22.5)

1 (2.5)

(p<0.01)

Cirrhosis

1 (2.5)

2 (5.0)

NS

Renal disease

1 (2.5)

4 (10.0)

NS

Beer potomania

1 (2.5)

1 (2.5)

NS

Diarrhea

0 (0.0)

4 (10.0)

NS

Mixed cardio and renal

0 (0.0)

2 (5.0)

NS

Medication

0 (0.0)

1 (2.5)

NS

Unclear Etiology

5 (12.5)

20 (50.0)

(p<0.001)

Total

40 (100)

40 (100)

Table 3.

Diagnostic considerations for syndrome
inappropriate antidiuretic hormone.

of

Decreased effective osmolality of the extra-cellular fluid
•

Plasma osmolality <275 mOsmol/kg H20

Inappropriate urinary concentration
•

Urine osmolality >100 mOsmol/kg H20 with normal renal
function

Clinical euvolemia
•

No signs of hypovolemia or hypervolemia on clinical
examination

Elevated urinary sodium excretion despite normal sodium and water intake
No other potential causes of euvolemic hypoosmolality
•

No hypothyroidism, hypocortisolism or diuretic use

Thirty-eight patients in the tolvaptan group received the
drug at 15 mg/day. In only two patients, the dose was
increased to 30 mg/day to achieve the desired serum sodium
concentration of greater than 135 mEq/L. While water
restriction was stated in the treatment plan for patients in the
control group, a specific order to restrict water was found in
only 20% (8/40) of the patients (water restriction to less than
1.0 L/day). The basis for water restriction to this level was
not provided. Whereas serum sodium concentration
increased from 125±4.2 to 136±2.1 mEq/L (P<0.001) over
5±2 days in the tolvaptan group, it did not significantly
change in controls (from 129.9±3 to 128±4 mEq/L).
DISCUSSION
The current study finds SIADH and CHF to be the main
conditions associated with asymptomatic hyponatremia in
our cohort. The present report also highlights appropriate use
of an arginine vasopressin antagonist in the tolvaptan group
as 80% of the patients in the tolvaptan group received the
drug for hyponatremia in the context of SIADH and CHF.
Consistent with the findings of the largest randomized study
that evaluated tolvaptan for the treatment of hyponatremia,

we showed that tolvaptan led to a significant improvement in
serum sodium concentration [4]. Of note, 95% of the patients
required only 15 mg/day of tolvaptan for 5 days to correct
hyponatremia. Serum sodium concentration did not change
in the control group. While only 15% of the patients were
diagnosed with SIADH (12.5%) or CHF (2.5%),
hyponatremia of unclear etiology was documented in 50% of
the patients in the control group (Table 2).
A high prevalence of hyponatremia of unclear etiology
was an important finding in the control group. Nonetheless,
the diagnostic workup including sodium concentration and
osmolality in the serum and urine in 80% of the patients
pointed to possibility of SIADH in this unclear etiology
cohort (Table 3). Therefore, educational seminars and better
awareness of the etiology of hyponatremia will improve the
recognition and management of SIADH. These patients
might have benefited from tolvaptan therapy. Only one
patient in the tolvaptan group had liver cirrhosis. This was
before the FDA issued a warning to avoid tolvaptan in the
treatment of hyponatremia in patients with liver cirrhosis
[5].
It is important to determine the etiology of hyponatremia
so that appropriate therapy can be instituted. For instance,
depletional hyponatremia (where the condition is due to
sodium loss and volume contraction such as diarrhea,
vomiting, burns, pancreatitis, cerebral salt wasting) should
not be treated with tolvaptan or fluid restriction. On the other
hand, SIADH and CHF are the conditions where tolvaptan
can be of help. When tolvaptan is used, water restriction
should be avoided [4]. It is worth mentioning that the
diagnosis of SIADH can be challenging (Table 3) [6].
Clinical assessment (physical examination), laboratory
analysis, the context in which hyponatremia is encountered
(co-morbid conditions) and the use of medications associated
with hyponatremia must be carefully reviewed before
SIADH can be excluded. The control group of the current
study presents the possibility where the diagnosis of SIADH
might have been overlooked and the opportunity to correct
serum sodium concentration lost.
While water restriction is often prescribed for patients
with a symptomatic hyponatremia, the amount of water
allowed per day is usually not specified or calculated. For
example, only 20% of patients in the control group in our
study had a specific order for water restriction. In addition,
none of them showed a concrete basis supporting 1.0 L/day
of water restriction. It is worth mentioning that water
allowance per day for patients with asymptomatic
hyponatremia can be calculated using urinary sodium,
potassium and serum sodium concentration using a simple
calculation [7]. Such a calculation can also indicate whether
water restriction is feasible in a given patient. Although the
amount of water allowance per day can be calculated,
adherence to water restriction is often difficult to achieve. It
is important to mention that a small sample size and
retrospective design of the study were some of the
limitations of the present report.
CONCLUSION
Hyponatremia in hospitalized patients is commonly
secondary to SIADH and CHF and can be successfully
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treated with tolvaptan. Depletional hyponatremia and
hyponatremia as a result of liver cirrhosis should not be
treated with tolvaptan. Increased awareness of the etiology
and mechanisms of hyponatremia can identify patients that
can benefit from tolvaptan therapy.
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