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Background : Hyponatremia is the most common electrolyte disturbance in hospitalized patients and
has been associated with increased morbidity and mortality. Tolvaptan, a vasopressin receptor antagonist, is increasingly used for the treatment of euvolemic and hypervolemic hyponatremia. The aim of
this study was to evaluate the effectiveness and safety of tolvaptan for the management of hyponatremia.

Methods : This study was a retrospective evaluation of 106 patients who received at least one dose of
tolvaptan for hyponatremia at a single tertiary academic hospital between January 2014 and June 2015.
The primary endpoint was the change in serum sodium concentration after tolvaptan administration
within 24 hours, with secondary endpoints of overcorrection and adverse effects.

Results : The mean initial dose of tolvaptan was 20.2±7.2 mg and the median duration of treatment
was 15 days (range, 1-261 days). The maximal changes in sodium levels at 24 and 48 hours were 8.2±
4.7 mmol/L and 10.5±15.3 mmol/L, respectively. Of 99 patients in whom sodium concentrations were
followed up, sodium overcorrection was observed in 26 (26.3%) patients, which was associated with concomitant use of an enzyme inhibitor (odds ratio [OR] = 4.80, 95% Cl: 1.27-18.15). However, sex, body
mass index (BMI), serum albumin, a daily dose of tolvaptan, and concomitant use of hypertonic saline
did not show any significant difference in overcorrection. The most commonly reported adverse effects
were mild and related to aquaresis, such as polyuria, thirst, and constipation. However, severe adverse

투고일자 2018.2.9; 심사완료일자 2018.3.26; 게재확정일자 2018.9.14
�교신저자 이흥범 Tel:063-250-1685 E-mail:lhbmd@jbnu.ac.kr
김주신 Tel:063-250-1005 E-mail:jusin-kim@hanmail.net

- 430 -

Mi Seon Park : Effectiveness and Safety of Tolvaptan for the Management of Hyponatremia: Risk of Inadvertent Overcorrection

effects such as hyperkalemia, hypotension, and one death related to osmotic demyelination were also
reported.

Conclusions : Tolvaptan is effective for treating hyponatremia. Nevertheless, the drug should be used
cautiously due to serious adverse effects related to sodium overcorrection.

[Key words] Tolvaptan, Hyponatremia, ADR (Adverse Drug Reaction), Overcorrection

Hyponatremia, commonly defined as a serum
sodium concentration

including liver cirrhosis.10) Interactions with

135 mmol/L, is the most

other drugs may alter the metabolism of tolvap-

common electrolyte derangement occurring in

tan, as it is also a substrate of the CYP3A4

1)

hospitalized patients. It can accompany central

isoenzyme and the inhibitor of P-glycoprotein.

nervous system disorders, pulmonary and renal

10),11)

diseases, cancer, congestive heart failure, and

the appropriateness of tolvaptan for use in

liver cirrhosis and can occur with the adminis-

patients with hypervolemic and euvolemic

tration of many commonly used drugs. (e.g., thi-

hyponatremia and to determine the benefits in

azide diuretics, trimethoprim-sulfamethoxazole,

terms of disease outcome and adverse effects.

The purpose of this study was to investigate

2),3)

and nonsteroidal anti-inflammatory drugs)

Acutely, this condition can cause cerebral edema

Methods

with substantial morbidity and mortality, and an
excessively rapid correction of chronic hypona-

Patient population and data collection

tremia can cause severe neurologic impairment
This was a cross-sectional retrospective study

and death due to osmotic demyelination syn4),5)

of patients treated for hyponatremia at Chonbuk

drome.

The secretion of arginine vasopressin appears

National University Hospital from January 2014

to play a central role in the decline of the serum

to June 2015. This study was approved by the

sodium concentration in patients with hypona-

Institutional Review Board (IRB) of Chonbuk

3)

tremia. Vasopressin receptor antagonists

National University Hospital (CUH 2017-07-

“vaptans”
(
) increase the electrolyte-free water

040-001).

excretion, thereby increasing serum sodium

A standardized data collection form was used

concentrations.6),7) Tolvaptan is an orally admin-

to obtain data from the medical records of

istrated, non-peptide selective vasopressin 2

patients who received at least one dose of

receptor antagonist increasingly being used for

tolvaptan for the treatment of hypervolemic and

the treatment of clinically significant hyperv-

euvolemic hyponatremia. These data included

olemic and euvolemic hyponatremia.6) Although

patient demographics, the length of hospital

3),8)

the

stay, comorbidities, tolvaptan dosages and

risk of hepatic injury limits its use to no more

interval times, the duration of tolvaptan treat-

it has been shown as safe and effective,
9)

than 30 days, and it should be avoided in

ment, the use of other medications (including

patients with pre-existing hepatic disease,

CYP3A inhibitors such as clarithromycin, amio-
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darone, diltiazem, and verapamil) and laboratory

and overcorrection was defined as serum sodium

data, such as the complete blood count and

change

blood chemistry (including the renal and liver

period, and

function markers), urine output, vital signs, and

Adverse effects were defined as any new medical

any adverse reactions. The data concerning the

problem or exacerbation of an existing medical

potential confounders of sodium overcorrection,

problem during tolvaptan treatment. Patients

such as the use of hypertonic saline, diuretics

who received at least one dose of the tolvaptan

and fluid restriction, were also evaluated. The

were included in the safety analysis. Patients

potential pharmacokinetic drug interactions

whose serum sodium (sNa) concentrations were

were identified in accordance with the current

evaluated at baseline and one or more times

prescription information for tolvaptan and the

after baseline were included in the efficacy

Lexi-Interact Drug Interaction software avail-

analysis.

10)-12)

able through Lexi-Comp Inc.,

1 mmol/L/h,

12 mmol/L in a 24 h

18 mmol/L in a 48 h period.4)

especially for

medications found to decrease the tolvaptan

Statistical analysis

concentration, such as the CYP3A inducer
rifampin. Patients with concomitant use of

Analysis were performed with IBM SPSS

enzyme inducer and enzyme inhibitor were

Statistics 22.0 (IBM Co., Armonk, NY, USA).

excluded from the interaction analysis. Data

Categorical variables are presented as frequen-

from patients with hypovolemic hyponatremia,

cies and percentages and were verified by chi-

who were ≤ 18 years of age were excluded from

square tests. Descriptive statistics (mean±SD or

the study.

range) were used to describe the continuous
variables. Continuous variables were compared

Definitions and outcome measures

by Student’
s t tests. Paired t tests were used for
the comparison of variables between the base-

Hypervolemic or euvolemic hyponatremia was

line and the end of tolvaptan treatment. A mul-

defined as a serum sodium concentration below

tiple logistic regression analysis was used to

135 mmol/L for two or more consecutive days

further determine the factors that independently

without clinical signs of volume depletion (e.g.,

affected the interindividual variability of over-

orthostatic decrease in blood pressure, decreased

correction of hyponatremia. A stepwise selection

skin turgor, increase in pulse rate, and dry

of variables was entered into the regression

mucus membranes). Poor compliance refers to a

method, including clinical variables from uni-

patient who did not correctly follow the medical

variate analysis that met the default criteria of a

treatment,‘Doctor orders but not take a pill’
.

P value of

The primary endpoint of the study was the
maximal change in the serum sodium level 24 h

0.05 for entry and a P value of

0.1 for removal. Significance was set at a P
value of

0.05.

after tolvaptan administration. The secondary
endpoints involved measures related to rapid

Results

overcorrection of hyponatremia and adverse
effects. Serum sodium levels were measured at 8

Of the 108 patients that were administered

h, 24 h, 48 h, and at the end of the treatment,

tolvaptan during the study period, 106 were eli-
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Fig. 1 Screening and enrollment of study patients

Table 1 Baseline demographics and clinical characteristics of the 106 patients
Characteristic

Value

Age (year)

70.8±12.3

Male (N, %)

61 (57.5)

Body weight (kg)

53.9±11.1

BMI (kg/m2)

20.8±3.2

Length of hospital stay (days)

37.0±28.9

Serum protein (g/dL)

6.1±0.8

Serum albumin (g/dL)

3.3±0.4

eGFR by CKD-EPI (mL/min/1.73 m2)*

88.6±30.9

Cause of hyponatremia, N (%)
Chronic heart failure

20 (18.9)

Liver cirrhosis

7 (6.6)

SIADH� and others

79 (74.5)

Tolvaptan treatment
Starting dose (mg)

20.2±7.2

Maximum daily dose (mg)

23.5±13.5

Duration of treatment (days, range)

15.0 (1~261)

*eGFR by CKD-EPI: estimated glomerular filtration rate by chronic kidney disease epidemiology collaboration equation at diagnosis of AKI; �SIADH:
syndrome of inappropriate antidiuretic hormone secretion. Values are means±SDs unless otherwise indicated.
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gible for the study. Two patients were excluded

ment (p 0.001), with no differences in other

due to poor medical compliance (Fig. 1). The

blood chemistry measures (Table 3). Seven days

patients’demographics and clinical characteris-

after the end of tolvaptan treatment, serum

tics are reported in Table 1. The initial dose of

sodium concentration was 131.3±6.0 mmol/L, a

tolvaptan was 7.5 mg for one patient (1%), 15 mg

decrease from 136.1 mmol/L at the end of the

for 69 patients (65%), and 30 mg for 36 patients

tolvaptan treatment.

(34%). Most of the patients (95.2%) received a

Excessive (over) correction of hyponatremia

maximum daily dose of less than 30 mg; three

was observed in 26 patients (26.3%) after 48 h. A

patients (2.8%) received a maximum of 60 mg,

univariate analysis revealed that patients who

and another two patients (1.9%) received 90 mg.

experienced overcorrection were male (p=0.011),

Most of the patients (92.5%) received tolvaptan

had significantly lower baseline serum sodium

for ≤ 30 days; eight patients (7.5%) received

levels (p=0.046), were administered higher daily

tolvaptan for

doses of tolvaptan (p=0.033), and received

30 days (range, 32~261 days).

Baseline serum sodium levels ranged from 108

hypertonic saline (p=0.046) interacting drugs

to 134 mmol/L. Follow-up measurements of

(such as a CYP3A4 inhibitor) (p=0.041) (Table 4).

serum sodium levels 24 h after tolvaptan

A multivariate analysis was then carried out

administration were available from 86 patients,

with these variables, revealing that the con-

among which 75 (87%) showed a successful

comitant use of enzyme inhibitor was signifi-

increase in serum sodium (≥ 4 mmol/L) (Table

cantly associated with overcorrection of

2). The increase in serum sodium was sustained

hyponatremia (Table 5).

48 h after the tolvaptan treatment in 76 patients

A large proportion of patients experienced

(Table 2). Overall, there was a significant

adverse events related to increased aquaresis

increase in serum sodium after tolvaptan treat-

(polyuria, commonly defined as urine output

Table 2 Correction of serum sodium in 99 patients
Measure

Value

Serum sodium (mmol/L)
Change in first 8 h (N=29)

5.8±4.6

Change in first 24 h (N=86)

8.2±4.7

Change in first 48 h (N=76)

10.5±15.3

Maximum during the treatment

136.8±7.2

At the end of treatment

136.1±7.7

7 days after discontinuation of treatment (N=59)

131.3±6.0

Fluid status on day 1 (ml) (N=49)
Urine output

2,831±1,450

Fluid intake

1,939±999

Difference

-891±1,191

Values are means ± SDs
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exceeding 3 L/day, thirst, and constipation) as a

serum levels can be closely monitored. Moreover,

result from the excretion of electrolyte-free

there is a risk for osmotic demyelination syn-

water (Table 6). A substantial number of

drome if a hyponatremic condition is corrected

patients also experienced other serious adverse

too abruptly. Serum sodium levels were not

effects, including hyperkalemia, hypotension,

monitored in seven of the patients included in

acute renal failure, and elevations of liver-

this study, who fortunately did not show any

enzyme levels (including one patient of the eight

significant adverse effects. On the other hand,

who used tolvaptan for

30 days). One patient

serum sodium concentration was decreased to

with sodium overcorrection died during tolvap-

131.3±6.0 mmol/L at seven days after the end of

tan treatment without any specific underlying

tolvaptan treatment. In other study, rebound

disease.

hyponatremia was also reported.13),14) There was
also patient with rebound hyponatremia whose

Discussion

treatment duration was extended to 261 days in
this study. Adhiyaman et al. recommended

The results of this study show that tolvaptan

intermittent dosing (eg. once weekly) of tolvap-

effectively increased serum sodium levels (≥ 4

tan to treat rebound hyponatremia and to pre-

mmol/L in 24 hours) in 86% of the patients,

vent toxicity of long term use.15) When long-term

regardless of the cause of hyponatremia, which

use of tolvaptan is required due to treat rebound

was maintained after 48 hours. However, over-

hyponatremia, careful observation should be

correction of sodium levels occurred in 26.3%

done to prevent adverse drug reactions.

(26/99) of patients. For this reason, tolvaptan

The rate of overcorrection observed in this

should be administered in a hospital where

population was higher than that reported by

Table 3 Serum electrolyte and biochemistry changes with tolvaptan in 99 patients
Measure

Value

p value

Before treatment

After treatment

Sodium (mmol/L)

124.2±5.2

136.1±7.7

Potassium (mmol/L)

4.16±0.7

4.23±0.6

0.250

Prothrombin time (INR)*

0.001

1.2±0.4

1.3±0.5

0.081

�

76.9±209.5

156.6±949.4

0.432

�

74.8±218.4

57.2±133.8

0.333

Total bilirubin (mg/dL)

1.8±4.6

1.9±5.1

0.384

Direct bilirubin (mg/dL)

1.7±4.8

2.0±5.1

0.060

19.7±15.0

22.3±16.1

0.076

0.77±0.5

0.87±0.6

0.061

AST (IU/L)

ALT (IU/L)

Blood urea nitrogen (mg/dL)
Creatinine (mg/dL)
�

�

*INR: international normalized ratio; AST: aspartate aminotransferase; ALT: alanine aminotransferase; Values are means±SDs.
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other studies (1.8~10%).3),7) Importantly, we iden-

rection, one patient died while sleeping.

tified the use of CYP3A inhibitors as associated

Although the cause of death was not identified,

with sodium overcorrection. Of the 26 patients

the contribution from sodium level overcorrec-

in this study who showed sodium level overcor-

tion due to tolvaptan administration cannot be

Table 4 Correction of hyponatremia
Characteristic

Value

p value

Correction (N=73)

Overcorrection (N=26)

Age (year)

70.6±13.0

71.0±9.8

0.898

Male, N (%)

38 (52.1)

21 (80.8)

0.011

Weight (kg)

53.6±11.0

55.7±12.3

0.412

BMI (kg/m2)

20.7±3.2

21.0±3.4

0.727

Serum sodium (mmol/L)

124.8±5.2

122.5±4.5

0.046

Serum protein (g/dL)

6.1±0.7

6.1±0.9

0.860

Serum albumin (g/dL)

3.3±0.4

3.3±0.5

0.500

87.6±31.8

93.6±29.7

0.400

Starting dose (mg)

19.2±7.0

22.0±7.6

0.119

Dose interval (h)

20.9±6.6

18.6±6.7

0.193

Maximum daily dose (mg)

21.1±7.6

31.2±22.4

0.033

14 (19.2)

3 (11.5)

6 (8.2)

1 (3.8)

53 (72.6)

22 (84.6)

14 (19.2)

2 (7.7)

0.225

6 (8.2)

6 (23.1)

0.046

55 (78.6)

15 (57.7)

Enzyme inducer

7 (10)

2 (7.7)

Enzyme inhibitor

8 (11.4)

9 (34.6)

Baseline

eGFR by CKD-EPI (mL/min/1.73 m2) *
During treatment

Cause of hyponatremia, N (%)
Chronic heart failure
Liver cirrhosis
SIADH� and others

0.464

Concomitant use (N, %)
Sodium-free water
Hypertonic saline
Use of interacting drugs (N, %)
None

0.041

*eGFR by CKD-EPI: estimated glomerular filtration rate by chronic kidney disease epidemiology collaboration equation at diagnosis of AKI. Values
are means±SDs unless otherwise indicated. �SIADH: syndrome of inappropriate antidiuretic hormone secretion.
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ruled out. Thus, it is imperative that proper ini-

reported as the risk factor,16)-18) however, only the

tial doses are used and that serum sodium levels

concomitant use of enzyme inhibitor was associ-

are monitored during tolvaptan administration.

ated with sodium overcorrection in this study.

In previous studies on osmotic demyelination

Since the serum overcorrection occurred very

syndrome, severe hyponatremia, end stage renal

common (26%) in this study, it is considered to

disease (ESRD), alcoholics and burn were

be necessary to conduct a large scale multi-cen-

Table 5 Multivariate ordered logistic regression analysis for variables responsible for overcorrection of
hyponatremia
Odds ratio (95% Cl*)

p value

2.90 (0.80 - 10.64)

0.109

Baseline serum sodium (mmol/L)

1.06 (0.94 - 1.12)

0.369

Maximum daily dose of tolvaptan (mg)

0.96 (0.93 - 1.00)

0.079

Concomitant use of hypertonic saline

4.02 (0.92 - 17.61)

0.065

Concomitant use of enzyme inhibitors

4.80 (1.27 - 18.15)

0.021

Variable
Male

*Cl: confidence interval.

Table 6 Adverse events that occurred during the tolvaptan treatment (n=106)
Adverse event

N (%)

Polyuria (including urinary frequency)

27 (25.5)

Hyperkalemia

14 (13.2)

Hypotension

11 (10.4)

Acute renal failure

10 (9.4)

Xerostomia/thirst

7 (6.6)

Hepatotoxicity

7 (6.6)

Constipation

6 (5.7)

Hypernatremia

4 (3.8)

Delirium

3 (2.8)

Hyperglycemia

3 (2.8)

Dizziness

2 (1.9)

Insomnia

1 (0.9)

Thrombocytopenia

1 (0.9)

Death

1 (0.9)

Hyperglycemic hyperosmolar syndrome

1 (0.9)
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ter study to evaluate the risk factor of overcor-

liver function was restored after the medicine

rection later. In addition, if the enzyme inhibitor

was stopped. One patient in our study who used

is combined at the start of the tolvaptan treat-

the drug for 270 days showed a continued

ment, it is considered that a pharmacist may

increase in ALP levels, but as no follow-up was

require proper prescription intervention for

made, it is not known if the liver function was

reduction of the tolvaptan dose or changes to

later restored. The FDA prohibits the adminis-

other drugs.

tration of the drug for more than 30 days or

Although approximately half of the patients

administering the drug to a patient with liver

experienced adverse effects during tolvaptan

failure.9) However, in this study, 11 patients had

treatment, many of these were minor and relat-

existing liver failure, and eight took the medica-

ed to aquaresis. However, 14 patients experi-

tion for more than 30 days due to the persist-

enced hyperkalemia necessitating immediate

ence of the hyponatremia. Altogether, these

care to prevent the development of arrhythmia

data indicate that liver function should be regu-

or heart attack, including one patient who was

larly monitored during tolvaptan administration

readmitted after being placed on tolvaptan after

to prevent irreversible and fatal liver toxicity.

hospital discharge. Hyperkalemia is life threat-

Most of the patients included in this study

ening, and thus it is vital to monitor potassium

received tolvaptan to treat hyponatremia caused

levels, particularly if the patient’
s serum level

by an existing disease, such as liver failure,

exceeds 5 mEq/L or if the patient is taking a

heart failure, or cancer. However, there were

concomitant medicine that could cause hyper-

some cases where hyponatremia resulted from

kalemia. Of the eleven patients who showed

the administration of a hypotonic solution or

hypotension, four were administered norepi-

medication (e.g., thiazide, desmopressin. or sul-

nephrine or other vasopressor drugs. The three

famethoxazole-trimethoprim). For example, one

patients with hyperglycemia were diabetic prior

patient was receiving desmopressin for polyuria.

to tolvaptan administration, one of whom was

The hyponatremic condition that resulted was

readmitted to the hospital for hyperosmolar

treated with tolvaptan, which aggravated the

hyperglycemic syndrome after continuing

symptoms of nocturia. As it appears that this is

tolvaptan post-discharge. As dehydration can

the reason for the repeated aggravation of

aggravate hyperglycemia, close blood glucose

symptoms in the patients with polyuria, who

monitoring is necessary for patients with exist-

was being treated both for the existing disease

ing diabetic conditions.

and condition caused by that medicine.

Hepatotoxicity (increased AST, ALT, and total

Therefore, it is recommended that treatment of

bilirubin levels) was reported in 7 of the 106

the existing disease as well as of the condition

patients in this study. However, liver enzyme

caused by the medicine that had been adminis-

level increases were not associated with tolvap-

tered be performed. As a pharmacist, if a patient

tan use in six of these patients. In the TESTO

is using medicines (eg. diuretics, antidepres-

study, increased ALT levels were reported after

sants, and antiepileptics) that can aggravate

administering high doses of tolvaptan to treat

hyponatremia, appropriate medical intervention

19)

autosomal dominant polycystic kidney disease.

should be used to prevent worsening hypona-

In all the patients who showed liver toxicity, the

tremia.20)
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One limitation of this study is that it was a

Engl J Med. 2006;355(20):99-112.

retrospective design with a relatively small

4) Verbalis JG, Goldsmith SR, Greenberg A et

number of patients. There were few cases where

al. Diagnosis, evaluation, and treatment of

tolvaptan was used for a prolonged period or

hyponatremia: expert panel recommenda-

concomitantly with a drug that interacts with it.

tions. Am J Med. 2013;126(10 Suppl 1):S1-42.

It is thus recommended that a prospective

5) Corona G, Giuliani C, Verbalis JG et al.

large-scale study be performed to address the

Hyponatremia improvement is associated

safety of drug interactions in patients treated

with a reduced risk of mortality: evidence

with tolvaptan, as well as in patients using the

from a meta-analysis. PLoS One. 2015;10(4):

drug for a prolonged period.

e0124105.

In conclusion, the results from this study indicate that tolvaptan is effective for treating euv-

6) Berl T. Vasopressin antagonists. N Engl J
Med. 2015;372(23):2207-2216.

olemic and hypervolemic hyponatremia.

7) Umbrello M, Mantovani ES, Formenti P et

However, initial low doses should be used with

al. Tolvaptan for hyponatremia with pre-

careful monitoring of serum sodium levels, and

served sodium pool in critically ill patients.

the concomitant use of hypertonic saline and

Ann Intensive Care. 2016;6(1):1.

CYP3A Enzyme inhibitor should be avoided.

8) Cyr PL, Slawsky KA, Olchanski N et al.

Although tolvaptan appears safe, caution should

Effect of serum sodium concentration and

be used as it can potentially induce adverse

tolvaptan treatment on length of hospital-

events, such as electrolytic disorders, hyper-

ization in patients with heart failure. Am J

glycemia, hypotension, and liver toxicity.

Health Syst Pharm. 2011;68(4):328-333.
9) Food and Drug Administration (US FDA)
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