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Background/Aims: Tolvaptan is a very effective treatment for hypervolemic or
euvolemic hyponatremia. We compared the clinical efficacy of and response to
tolvaptan in patients with the syndrome of inappropriate antidiuretic hormone
secretion (STADH) and congestive heart failure (CHF).

Methods: We retrospectively reviewed the medical records of 50 patients (STADH,
n =30; CHF, n = 20) who were prescribed tolvaptan between July 2013 and October
2015. Tolvaptan was prescribed when the serum sodium level was < 125 mmol/L
and the standard treatment failed. Normonatremia was defined as a serum sodi-
um level of > 135 mmol/L.

Results: After the initiation of tolvaptan therapy, there was an immediate re-
sponse in the urine volume and serum sodium level in all patients. The im-
provements in the urine volume and serum sodium concentration were highest
within the first 24 hours of treatment. In addition, the mean change in the serum
sodium level during the first 24 hours was significantly higher in patients with
SIADH than in those with CHF (ANa, 9.9 + 4.5 mmol/L vs. 6.9 + 4.4 mmol/L, re-
spectively; p = 0.025). Also, the mean maintenance dose was lower, and the total
duration of tolvaptan use was slightly shorter in the STADH group than CHF
group (21.5 + 14.9 days vs. 28.0 + 20.1 days, p = 0.070).

Conclusions: The early response to tolvaptan treatment was better in patients
with STADH than in those with CHF. Thus, the tolvaptan treatment strategy
should be differed between patients with STADH and those with CHF.
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INTRODUCTION

are asymptomatic or have mild symptoms, acute severe
hyponatremia can cause neurologic problems such as

Hyponatremia is a frequent electrolyte disorder in
clinical practice [1]. The prevalence of hyponatremia
(serum sodium level of < 135 mmol/L) is approximate-
ly 2.4%, and severe hyponatremia (serum sodium level
of < 125 mmol/L) occurs in about 0.13% of hospitalized
patients [2]. Although many patients with hyponatremia
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seizures, coma, and respiratory arrest [3,4]. In addition,
hyponatremia is associated with an increased risk of
mortality, morbidity, and hospitalization as well as in-
creased medical costs [5-7].

Conventional methods for the treatment of patients
with euvolemic hyponatremia or hypervolemic hypona-
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tremia are fluid restriction and hypertonic saline infu-
sion using diuretics [4]. However, there are several lim-
itations to these treatments. For example, the efficacy of
fluid restriction is limited, and patient compliance is
poor. In addition, infusing hypertonic saline may cor-
rect sodium levels too rapidly, and diuretics could cause
acute kidney injury and electrolyte imbalance [8].

Tolvaptan is an oral selective arginine vasopressin
(AVP) V2 receptor antagonist [9]. It blocks the V2 recep-
tor to inhibit the reabsorption of free water through
aquaporin channels in the collecting duct, which results
in the excretion of electrolyte-free water without elec-
trolyte depletion [9,10]. Tolvaptan was approved for the
treatment of hyponatremia by the US Food and Drug
Administration in 2008 and the European Medicines
Agency in 2009 [11]. The recommended initial dose of
tolvaptan is 15 mg once per day; the dose can be in-
creased to 30 mg after 24 hours and to a maximum of
60 mg [10].

However, few studies have assessed the adequate dose
of tolvaptan in Korean patients, and no reports have
compared the use of tolvaptan in subjects with hyper-
volemic hyponatremia and euvolemic hyponatremia.
There are differences in mechanism of hyponatremia
between hypervolemic hyponatremia associated with
congestive heart failure (CHF) and euvolemic hypona-
tremia associated with the syndrome of inappropriate
antidiuretic hormone secretion (SIADH). Therefore, we
hypothesized that the response of tolvaptan would be
different between patients with CHF and SIADH. The
aim of this study was to compare the clinical efficacy of
tolvaptan for the treatment of hypervolemic hyponatre-
mia associated with CHF and euvolemic hyponatremia
associated with STADH and establish proper use guide-
lines for tolvaptan use in Korean patients.

METHODS

Study population

We retrospectively reviewed the records of patients who
were prescribed tolvaptan between July 2013 and Octo-
ber 2015. All included patients required hospitalization
for the treatment of hyponatremia or their primary dis-
ease, and serum sodium concentrations were monitored
during treatment. Among the 59 eligible patients iden-
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tified, nine were excluded (four had liver cirrhosis and
five had no follow-up laboratory data). The remaining 50
patients were divided into two groups: those with hyper-
volemic hyponatremia caused by CHF, and those with
euvolemic hyponatremia due to STADH. Hyponatremia
was defined as a serum sodium concentration of < 135
mmol/L, and tolvaptan was prescribed when the serum
sodium level decreased to < 125 mmol/L and standard
treatment failed.

The causes of CHF were ischemic heart disease (70%),
valvular heart disease (10%), dilated cardiomyopathy
(10%), and stress cardiomyopathy (10%). CHF was con-
firmed in all patients using echocardiography. SIADH
was diagnosed by measuring serum and urine osmo-
lality and the sodium concentration. To exclude other
causes of hyponatremia, all patients underwent tests to
assess thyroid function and potential adrenal insuffi-
ciency.

Treatment of hyponatremia

Data were extracted from the patients’ records, includ-
ing the serum sodium concentration, serum osmolal-
ity, urine sodium, urine osmolality, and urine volume
at the time of tolvaptan initiation, after 24 hours, after
48 hours, and at the end of treatment. The primary out-
come of this study was to compare the achievement of
normonatremia (serum sodium level of > 135 mmol/L)
between the two groups. The secondary outcomes were
(1) the time required to achieve at least serum sodium
level of 130 mmol/L, (2) maintenance dose of tolvaptan,
and (3) total duration of tolvaptan use. Any alternative
treatments for hyponatremia were stopped during tol-
vaptan treatment. However, conventional treatments for
heart failure, including diuretics and f-blockers, were
allowed. The medical ethics committee of the hospital
approved the study protocol. For this retrospective chart
review which met the regulatory criteria, the informed
consent was waived.

Statistical analysis

Statistical analyses were performed using SPSS version
25.0 (IBM Co., Armonk, NY, USA). All data are expressed
as mean + standard deviation (SD) or median and range.
Differences between groups were analyzed using in-
dependent t tests for continuous parameters and the
Mann-Whitney U test for continuous nonparametric
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Variable Total (n=50,100%) SIADH (n =30, 66.7%) CHF (n =20, 33.3%) p value
Age, yr 72.1+13.4 72.5+13.4 71.5+13.5 0.749
Male sex 30 (60.0) 18 (60.0) 12 (60.0) 0.614
Diabetes 34(68.0) 23 (76.7) 11 (55.0) 0.097
Hypertension 19 (38.0) 15 (50.0) 4(20.0) 0.031
Body mass index, kg/m? 223 +2.8 21.5+223 22.7£3.2 0.272
SBP, mmHg 109.4 +10.8 116 +11.6 99.5+10.6 0.336
DBP, mmHg 67.6 £8.8 733+09.1 59.0 7.5 0.552
Initial laboratory findings
WBC, [pL 8,396 £ 4,393 8,023 £ 4,175 8,955 * 4,756 0.468
Hemoglobin, g/dL 11.0+1.6 10.8 1.4 113 +1.8 0.201
Uric acid, mg/dL 418 £3.52 2.32+0.99 6.98 £ 4.09 < 0.001
Blood urea nitrogen, mg/dL 17.3 £12.9 10.8 £5.48 27.0 £14.7 < 0.001
Creatinine, mg/dL 0.79 + 0.05 0.45%0.19 1.29 * 0.77 <0.001
Albumin, g/dL 3.40 = 0.56 3.41%0.61 338 +0.41 0.846
Serum Na, mmol/L 121.5+ 4.1 121.9 £ 5.0 120.1 £5.2 0.495
Serum osmolality, mOsm/kg 260.9 £14.5 256.7 £11.6 267.7+£16.5 0.010
Urine Na, mmol/L 83.6 £51.0 112.1 + 45.7 43.3 £20.4 < 0.001
Urine osmolality, mOsm/kg 422.0 +130.8 460.4 £116.7 358.0 £130.8 0.001
Ejection fraction, % - - 23.0+£8.8 -
Urine volume, mL/day 1,845.3 £719.7 2,014.8 + 780.5 1,603.4 £ 567.4 0.004

Values are presented as mean + SD or number (%).

SIADH, syndrome of inappropriate antidiuretic hormone secretion; CHF, congestive heart failure; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; WBC, white blood cell; Na, sodium.

data. Statistical significance was accepted when p < 0.05.

RESULTS

Baseline characteristics

Data from 50 patients (3o with SIADH and 20 with CHF)
were analyzed. The mean patient age was 72.1 + 13.4 years,
and 60% were male. The mean baseline serum sodium
concentration was 121.5 + 4.1 mmol/L; there was no dif-
ference between the two groups. As expected, the serum
uric acid levels were significantly lower in patients with
SIADH, whereas renal function was lower in patients
with CHF. Patients with STADH had a slightly higher
baseline urine volume than did patients with CHF (Ta-
ble 1).

https://doi.org/10.3904/kjim.2016.155

Tolvaptan efficacy

There were immediate responses in the urine volume
and serum sodium level in all patients after the initiation
of tolvaptan therapy. The urine volume immediately in-
creased, and the urine osmolality significantly decreased.
As aresult, the serum sodium level also increased rapidly
in both groups (Table 2). The changes in urine volume
and serum sodium concentrations were most prominent
in the first 24 hours. The mean change in the serum so-
dium level in the first 24 hours was higher in patients
with STADH than CHF (ANa, 9.9 + 4.5 mmol/L vs. 6.9 + 4.4
mmol/L, respectively; p = 0.025) (Fig. 1).

As shown in Table 3, 14 patients with SIADH (46.7%)
received an initial tolvaptan dose of 7.5 mg, and the other
16 received 15.0 mg. The dose of tolvaptan was increased
in two patients because of insufficient efficacy: one dose
was increased from 7.5 to 15.0 mg, and the other was
increased from 15.0 to 22.5 mg. The dose of tolvaptan
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was reduced in six patients with STADH because the re-
sponse was too rapid: the dose was reduced from 7.5 to
3.25 mg in two patients and from 15.0 to 7.5 mg in four
patients.

In patients with CHF, the initial dose of tolvaptan was
7.5 mg in seven individuals (35%) and 15.0 mg in 13 (65%).
The dose was increased in six patients because of an in-
sufficient response: from 7.5 to 15.0 mg in three individ-
uals and from 15.0 to 22.5 and 30.0 mg in three patients.
No patients experienced a dose reduction. Therefore,

140 4
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p=0331
110 T T T T T

Baseline Day 1 Day2  1Week later

Serum sodium
Figure 1. Comparison of the mean serum sodium level be-
tween patients with syndrome of inappropriate antidiuretic
hormone secretion (SIADH) and heart failure (HF). The
mean change in the serum sodium level in the first 24 hours
was significantly higher in patients with STADH than con-

gestive HE.
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the maintenance dose was significantly higher in pa-
tients with CHF than SIADH (p = 0.028).

No patients in the SIADH group failed to achieve
normonatremia. However, one patient failed to achieve
normonatremia in the CHF group, and this patient ex-
pired because of CHF aggravation.

Mean differences in tolvaptan responses

The median time required to achieve a serum sodium
level of 130 mmol/L was 1 and 2 days in the SIADH and
CHEF groups, respectively (p = 0.015). The time taken to
achieve a serum sodium level of 135 mmol/L was compa-
rable in both groups (Table 3).

The mean duration of tolvaptan use during hospital-
ization was 7.90 + 6.84 and 10.70 + 6.80 days in the SI-
ADH and CHEF groups, respectively (p = 0.366). The total
duration of tolvaptan use was slightly longer in patients
with CHF than SIADH (28.0 + 20.1 days vs. 215 + 14.9
days, respectively; p = 0.070). Although the discontinu-
ation of tolvaptan therapy was at the discretion of each
patient’s physician, patients with CHF seemed to use
tolvaptan for a longer period of time.

DISCUSSION

In this study, we compared the response of patients
with SIADH and CHF to tolvaptan and made several

Table 2. Mean laboratory difference between SIADH and CHF during the use of tolvaptan

Variable Baseline 24 Hours later 48 Hours later 7 Days later
SIADH
Serum Na, mmol/L 121.9 £ 5.0 131.9 £ 4.9 135.7 £ 4.7 137.8 £5.2
Serum osmolality, mOsm/kg 256.7 £11.6 275.1% 9.4 283.7 £12.7 2867+ 9.5
Urine Na, mmol/L 112.1 +45.7 87.3+56.2 00.7 +£57.3 104.1+ 6023
Urine osmolality, mOsm/kg 460.4 +116.7 204.1+141.7 380.8 1707 526.2 +139.0

Urine volume, mL/day
CHF

2,014.8 £+ 780.5

Serum Na, mmol/L 120.1+5.2
Serum osmolality, mOsm/kg 267.7+16.5
Urine Na, mmol/L 43.3+20.4
Urine osmolality, mOsm/kg 358.0 +130.8

Urine volume, mL/day 1,603.4 £567.4

2,948.2 +£1,024.4 2,540.8 £1,145.4 2,505.4 + 929.7

127.8 5.4 130.8 £5.9 136.0 + 4.5

2753 £ 14.5 279.8 +15.3 276.2 +12.6
59.5 £ 33.1 55.5 + 47.4 50.0 + 22.6

254.5 £54.3 312.5% 635 339.7 £ 154.2

3,242.0 £1,670.3 2,842.7 +1,276.9 2,934.3 £1,316.7

Values are presented as mean + SD.

SIADH, syndrome of inappropriate antidiuretic hormone secretion; CHF, congestive heart failure; Na, sodium.
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Table 3. Comparison of treatment pattern between SIADH and CHF

Variable SIADH (n =30, 66.7%) CHF (n = 20, 33.3%) pvalue
Dose, mg
Initial 0300
75 14 (46.7) 7(35.0
15 16 (53:3) 13(65.0
Maintenance 0.028
3.75 2(69) o
75 15 (50.0) 4(20.0)
15 12 (40.0) 13 (65.0
225 139) 1 (5.0)
30 o 2 (10.0)
Time, day®
Until Na 135 mmol/L 2 4 0.663
Until Na 133 mmol/L 1.5 2 0.104
Until Na 130 mmol/L 1 2 0.015
Achievement of normonatremia 30 (100.0) 19 (95.0) -
Tolvaptan use during hospitalization, day 7.0+ 6.8 107+ 6.8 0366
Total tolvaptan use, day 21.5£14.9 28.0 £20.1 0.070

Values are presented as number (%) or mean + SD.

SIADH, syndrome of inappropriate antidiuretic hormone secretion; CHF, congestive heart failure; Na, sodium.

Median level.

important observations. First, definite improvements in
the serum sodium levels occurred in both groups, and
tolvaptan was useful in the correction of hyponatremia
in both groups. However, the mean change in serum so-
dium during the first 24 hours was greater in patients
with STADH than CHF. In addition, the median time
taken to achieve a serum sodium level of > 130 mmol/L
was significantly shorter in the STADH than CHF group.
Also, the mean maintenance dose was smaller and the
total duration of tolvaptan use was slightly shorter in the
CHEF than STADH group.

In the present study, tolvaptan was effective for the
treatment of hyponatremia in all patients with SIADH
or CHF. However, the response to tolvaptan treatment
differed significantly between the two groups. The ear-
ly response during the first 24 hours of treatment was
better in the SIADH group, and the total duration of
tolvaptan use was therefore slightly shorter. In addition,
the decrease of urine osmolarity was more definite in
SIAHD group than CHF group (-166.3 mOsmol/kg vs.
-103.5 mOsmol/kg) during the first 24 hours after the
start of tolvaptan. This may explain more rapid cor-

https://doi.org/10.3904/kjim.2016.155

rection of serum sodium in SIADH group. Consistent
with this finding, recently, some reports showed that
urine osmolality before and after the administration of
tolvaptan may be an effective predictor of response to
tolvaptan in decompensated heart failure patients [12].
Moreover, the mean maintenance dose was lower in the
SIADH group. The most common maintenance dose
was 7.5 mg (50%) and 15.0 mg (65%) in patients with SI-
ADH and CHEF, respectively. Therefore, different tolvap-
tan treatment strategies should be used in patients with
SIADH and CHF.

The reason why there were some difference in re-
sponse to tolvaptan is considered as follows: hypona-
tremia is closely related to abnormal water retention
caused by increased plasma AVP. AVP secretion is
stimulated by the increase in the plasma osmolality via
osmoreceptors or decrease in effective blood flow via
baroreceptors. In patients with STADH, AVP secretion is
not fully suppressed even in hypo-osmolality, and lead
to hyponatremia. In patients with CHF, on the other
hand, decreased eflective blood flow lead to non-osmot-
ic AVP secretion, which results in hyponatremia [4,13].
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We thought that the differences in the mechanism of
hyponatremia between the two groups might cause the
differences in the response of tolvaptan. In patients with
SIADH], tolvaptan is to act independently as a selective
V2 receptor antagonist, and hyponatremia is simply cor-
rected by increasing the free water clearance. In patients
with CHF, on the other hand, decreased effective blood
flow leads to activation of the renin-angiotensin-aldo-
sterone system (RAAS) and sympathetic nervous system
as well as non-osmotic AVP release [4]. The RAAS and
sympathetic nervous system result in impaired max-
imum water excretory capacity by decreasing delivery
of solute to the diluting site and play a role to reten-
tion of water [13]. Tolvaptan is a selective V2 receptor
antagonist. The activation of V1, receptor might be able
to make differences in the response of tolvaptan in pa-
tients with CHF.

Tolvaptan was well-tolerated in the current study; the
most common side effects were thirst and dry mouth.
No serious side effects such as severe changes in vital
signs or neurologic symptoms were observed, consis-
tent with previous studies [11,14]. Even if the symptoms
of hyponatremia are not severe, appropriate treatment
is important because hyponatremia is closely associat-
ed with mortality [5,15]. Several studies have assessed the
efficacy of tolvaptan for the treatment of hypervolemic
or euvolemic hyponatremia [11,16]. However, no clini-
cal trials have assessed the appropriate dose of tolvap-
tan or compared the use of tolvaptan in patients with
hypervolemic hyponatremia and euvolemic hyponatre-
mia. The recommended initial dose of tolvaptan is 15
mg once a day in hyponatremic patients with STADH or
CHEF [9].

The current study has several shortcomings that must
be acknowledged. First, although statistically signifi-
cant differences were observed between the treatment
responses of patients with STADH and CHEF, a relatively
few patients were included in the study. As a result, it is
difficult to determine what treatment strategy is most
appropriate in each patient group. Nevertheless, we be-
lieve that this study will help establish the appropriate
dose titration and dosing period for tolvaptan in pa-
tients with SIADH and CHEF. Second, there were some
differences in the baseline renal function between the
two groups. Glomerular filtration rate (GFR) of all 30 pa-
tients with STADH was more than 50 mL/min/1.73 m?.
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But epidermal growth factor receptor (eGFR) was less
than 50 mL/min/1.73 m?in 10 of 20 patients with CHF.
When the 20 patients with CHF were classified into two
groups according to eGFR of 50 mL/min/1.73 m?, there
was no significant difference in the maintenance dose
and median time to achieve a serum sodium level of >
130 mmol/L. In addition, the increment of mean urine
output in 24 and 48 hours were greater in CHF than SI-
ADH group, despite of relatively poor renal function.
Indeed, in general, it is known that no difference was
found in response to tolvaptan between patients with
renal creatinine clearance rates above 10 mL/min and
with normal renal function [17,18]. However, because
most patients (9o%) included in our study had GFR
more than 35 mL/min/1.73 m?, there could have been an
underestimate the differences in response of tolvaptan.
Further large scale studies are needed to stratify the re-
sponse of tolvaptan according to renal function. Third,
we did not stop medications such as spironolactone and
digoxin for the treatment of underlying heart failure,
which might affect electrolyte imbalance and result in
drug interactions [19,20]. Finally, we did not perform
long-term follow-up. Therefore, further studies are
needed to determine the proper maintenance period
after tolvaptan treatment in these patient populations.

In conclusion, tolvaptan treatment was faster and
more effective than conventional methods, but the re-
sponse differed in patients with SIADH and CHF. The
early response to tolvaptan treatment was better in pa-
tients with STADH than in those with CHF. In addition,
a higher mean maintenance dose of tolvaptan was re-
quired in patients with CHF than SIADH. Therefore,
different tolvaptan treatment strategies should be used
in patients with SIADH and CHF. Further large-scale
studies are required to establish the appropriate dose ti-
tration and dosing period in patients with hypervolemic
and euvolemic hyponatremia.

KEY MESSAGE

1. The early response to tolvaptan treatment was
better in patients with syndrome of inappro-
priate antidiuretic hormone secretion (SIADH)
than in those with congestive heart failure
(CHEF).
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2. The mean maintenance dose was larger and the
total duration of tolvaptan use was slightly lon-
ger in the CHF than STADH group.

3. The tolvaptan treatment strategy should be dif-
fered between patients with STADH and those
with CHF
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