
Vol.:(0123456789)1 3

Heart and Vessels (2019) 34:607–615 
https://doi.org/10.1007/s00380-018-1290-6

ORIGINAL ARTICLE

Prognostic factors for long‑term outcomes in acute decompensated 
heart failure patients under tolvaptan treatment

Koichiro Matsumura1 · Shun Morishita2 · Naoki Taniguchi2 · Kazuya Takehana2 · Hiroki Takahashi1 · 
Munemitsu Otagaki1 · Kei Yoshioka1 · Yoshihiro Yamamoto1 · Masahiko Takagi1 · Ichiro Shiojima2

Received: 9 July 2018 / Accepted: 26 October 2018 / Published online: 1 November 2018 
© Springer Japan KK, part of Springer Nature 2018

Abstract
Inconsistent results have been reported concerning the effect of tolvaptan treatment on long-term prognostic outcomes in 
patients with acute decompensated heart failure (ADHF) and data are limited on prognostic factors affecting this patient 
population. We investigated prognostic factors influencing long-term clinical outcomes in patients with ADHF treated with 
tolvaptan in a real-world setting. A total of 263 consecutive patients hospitalized for ADHF and treated with tolvaptan 
were retrospectively enrolled. The patients were stratified into those who developed the combined event of cardiac death or 
rehospitalization for worsening heart failure within 1 year (n = 108) and those who were free of this combined event within 
1 year (n = 155). Adjusted multivariate Cox proportional hazards model revealed that change in serum sodium level between 
pre-treatment and 24 h after tolvaptan administration [hazard ratio (HR) 0.913, 95% confidence interval (CI) 0.841–0.989, 
p = 0.025] and the time taken for tolvaptan initiation from admission (HR 1.043, 95% CI 1.009–1.074, p = 0.015) were 
independent predictors of combined event occurrence within 1 year. Moreover, change in serum sodium level > 1 mEq/L 
between pre-treatment and 24 h after administration and initiation of tolvaptan < 5 days after admission correlated signifi-
cantly with the incidence of the combined event (log-rank test p = 0.003 and p = 0.002, respectively). In conclusion, increased 
serum sodium level early after administration and early initiation of tolvaptan are possibly useful for assessing the long-term 
prognosis after tolvaptan treatment in patients with ADHF.
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Introduction

Acute decompensated heart failure (ADHF) is a common 
cause of hospitalization, especially in individuals older than 
65 years of age [1]. Over 1 million patients are hospitalized 
with ADHF annually in Japan alone [2]. Although reduc-
ing heart failure-associated death and rehospitalization for 

worsening heart failure are clinical priorities, long-term 
prognosis remains poor [3].

Tolvaptan is an oral vasopressin V2 receptor antagonist 
that increases excretion of free water without changing renal 
hemodynamics and it has been found to be safe and effec-
tive for the treatment of ADHF [4]. High-risk patients with 
ADHF with recurrent heart failure, cardiac systolic dysfunc-
tion, or renal impairment are often refractory to conventional 
medical therapy, such as loop diuretics, and tend to have 
poor long-term prognosis. To resolve this problem, tolvap-
tan was approved for the treatment of ADHF in high-risk 
or medically refractory patients. Additionally, several stud-
ies have demonstrated that tolvaptan significantly improves 
short-term prognosis due to factors such as a rapid reduc-
tion in body weight, amelioration of dyspnea symptoms, 
and reduced rates of worsening renal failure in patients with 
ADHF [5–16]. However, evaluation of the effect of tolvaptan 
on long-term prognosis, including mortality or rehospitali-
zation for worsening heart failure, has shown inconsistent 
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results in previous studies [17–23]. It remains to be clari-
fied whether specific risk factors are associated with long-
term prognosis in patients with ADHF receiving tolvaptan. 
Risk stratification is needed to assess long-term prognosis 
after tolvaptan treatment and to consider the necessity of 
further invasive therapies, although little is known about the 
association between prognostic factors involving tolvaptan 
treatment in patients with ADHF. The purpose of this study 
was to investigate prognostic factors contributing to long-
term cardiac death and rehospitalization for heart failure in 
patients with ADHF treated with tolvaptan in a real-world 
setting.

Methods

Study population

A total of 380 consecutive patients hospitalized for ADHF 
and treated with tolvaptan at Kansai Medical University 
Medical Center and Kansai Medical University between 
January 2012 and July 2015 were retrospectively enrolled. 
Eligible patients were diagnosed as having ADHF based on 
the Framingham criteria [24], had New York Heart Associa-
tion functional class III or IV symptoms on admission, and 
received index tolvaptan administration during the hospi-
talization. Exclusion criteria were as follows: presence of 
a malignant tumor at admission (n = 38), non-cardiac death 
within 1 year (n = 32), insufficient patient data (n = 28), 
received tolvaptan previously (n = 14), or loss to follow-
up within 1 year (n = 5); thus, 263 patients were included 
in the final analysis. We divided patients into two groups: 
those with or without combined event of cardiac death and 
rehospitalization with worsening heart failure within 1 year 
to determine the prognostic factors for the occurrence of 
cardiovascular events. All patients received standard therapy 
for ADHF consisting of loop diuretics, spironolactone, beta 
blocker, and angiotensin-converting enzyme inhibitor or 
angiotensin II receptor blocker, according to the physician’s 
discretion.

Collection of patient data

Baseline clinical characteristics were recorded includ-
ing demographic information, comorbidities, laboratory 
parameters, oral and intravenous medications, presence of 
acute coronary syndrome, and transthoracic echocardiog-
raphy results obtained on admission. Either B-type natriu-
retic peptide (BNP) or NT-pro BNP level at admission was 
extracted and converted to categorical variables, with the 
cutoff value for BNP being ≥ 350 pg/mL and that for NT-
pro BNP being > 5810 pg/mL, to directly compare BNP and 
NT-pro BNP levels based on past reports of the prognostic 

value of BNP or NT-pro BNP [25–27]. All patients were 
treated with intravenous or oral treatment of loop diuret-
ics after admission, and when further volume reduction 
was needed for residual fluid retention, 3.75–15 mg/day of 
tolvaptan was initiated during hospitalization based on the 
attending physician’s discretion. To investigate the prognos-
tic factors involving tolvaptan peri-administration, serum 
sodium, serum creatinine, serum blood urea nitrogen (BUN) 
levels at pre-treatment, 24 h, 48 h, and 1 week after tolvaptan 
administration, the daily furosemide equivalent dose of loop 
diuretics [28, 29] at 24 h before tolvaptan administration 
(pre-treatment) and at 0 to 24 h (day 1), 24–48 h (day 2) and 
day 7 after tolvaptan administration was measured. In addi-
tion to the maximum tolvaptan dose, time of tolvaptan initia-
tion from admission and the total administration period was 
recorded. To assess the extent of fluid reduction as a result 
of treatment, body weight at both admission and discharge 
was noted. In addition, the differences in weight between 
admission and discharge were identified. Responders were 
defined as patients with increased urine volume within 24 h 
after tolvaptan administration compared with the 24-h urine 
volume prior to tolvaptan administration. Patients treated 
with tolvaptan on the first day of observation were excluded 
from the evaluation of responders because of their unknown 
24-h urine baseline volume. Acute coronary syndrome was 
defined as the presence of chest pain, elevation of cardiac 
enzymes, and treatment with primary or elective percutane-
ous coronary intervention during hospitalization. The study 
procedures were carried out in accordance with the princi-
ples laid out in the Declaration of Helsinki. We obtained 
consent through an opt-out procedure from all individual 
participants included in this study. Follow-up information 
was obtained using medical records from our hospitals or 
by sending a confirmation letter to the follow-up hospital. 
The study protocol was approved by the ethics committees of 
Kansai Medical University Medical Center and Kansai Med-
ical University and was registered at UMIN-CTR (Unique 
Identifier: 000029416).

Statistical analyses

For continuous variables, all data are presented as 
means ± standard deviations (SDs) or as medians with 
interquartile ranges. Categorical variables are presented 
as numbers and percentages. Differences between groups 
were analyzed using the unpaired t test or Mann–Whitney 
U test for continuous variables and the Chi-square test for 
categorical variables. The paired t test was used to com-
pare change in the daily dose of furosemide between pre-
treatment and day 7 after administration in each group. A 
p value < 0.05 was considered significant. The covariates 
associated with tolvaptan administration were analyzed 
using univariate analysis. Covariates with p values < 0.05 
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in univariate analysis were included in a multivariate Cox 
proportional hazard model adjusted for clinical prognostic 
factors associated with congestive heart failure: age, sex, 
systolic blood pressure at admission, previous heart fail-
ure hospitalization, BNP ≥ 350 pg/mL or NT-pro BNP> 
5810 pg/mL, and serum sodium levels at admission [30, 31]. 
To confirm the optimal cutoff value for change in serum 
sodium level between pre-treatment versus 24 h after admin-
istration and the time of tolvaptan initiation from admission, 
we performed receiver operating characteristic (ROC) curve 
analysis with these points on the curve where the products 
of “sensitivity × specificity” were maximized. The cumula-
tive incidence of the combined event was analyzed using 
Kaplan–Meier curves and the log-rank test. Pearson’s cor-
relation coefficient test was conducted to investigate the rela-
tionship between serum potassium level at admission and 
change in serum sodium level from pre-treatment to 24 h 
after tolvaptan administration. JMP 13.0.0 software (SAS 
Institute Inc., Cary, NC, USA) was used for all statistical 
analyzes.

Results

Of the 263 patients, 108 patients developed combined events 
(34 patients with cardiac death, 74 patients with rehospitali-
zation due to worsening heart failure) and 155 patients did 
not develop any combined events within 1 year.

Table 1 reports baseline characteristics of the patients. 
The mean age of patients in the combined event group was 
higher (77.0 ± 11.4 years vs. 72.1 ± 11.7 years, p < 0.001) 
and their mean systolic blood pressure on admission was 
lower (130 ± 36 mmHg vs. 146 ± 37 mmHg, p = 0.004) than 
patients in the free of combined eventgroup. Patients with 
hospitalization for a previous heart failure and the presence 
of mechanical implants were significantly more common 
in the combined event group. Regarding the use of medi-
cation at admission, the rate of loop diuretics administra-
tion at admission and the dose of furosemide were greater 
in the combined event group than in the free of combined 
event group (64% vs. 52%, p = 0.047; 30.6 mg vs. 22.5 mg, 
p = 0.034, respectively). No significant difference was shown 
in echocardiography results including systolic function, with 
the exception of the presence of valvular heart disease.

Tolvaptan administration profiles showed that the mean 
dose of tolvaptan was smaller and earlier initiation of 
tolvaptan after admission was more common in the free 
of combined event group (Table 2). Some patients ceased 
taking tolvaptan less than 7 days after tolvaptan initiation 
(developed combined event group: 36% and free of com-
bined event group: 41%, p = 0.458). More patients in the 
combined event group continued tolvaptan administration 
≥ 30 days than in the free of combined event group (40% 

vs 25%, p = 0.012). The rate of responders to tolvaptan was 
not significantly different between groups (developed com-
bined event group: 75% vs. free of combined event group: 
73%, p = 0.723). Although weight at discharge was not sig-
nificantly different in both groups, the proportion of weight 
reduction between admission to discharge was smaller in the 
developed combined event group than in the free of com-
bined event group (8.4 ± 8.3% vs. 12.1 ± 7.8%, p < 0.001).

Figure 1 demonstrates the change in laboratory data pre-
treatment of tolvaptan versus 24 h, 48 h, and 1 week after 
tolvaptan administration. Compared with pre-administration 
data, the change in the serum sodium levels after 24 h and 
48 h was significantly different between the two groups. The 
free of combined event group had asignificant increase in 
serum sodium levels compared with the developed com-
bined event group at 24 h and 48 h (2.75 ± 3.43 mEq/mL 
vs. 1.53 ± 2.88 mEq/mL, p < 0.002; 3.22 ± 4.00 mEq/mL 
vs. 1.94 ± 3.33 mEq/mL, p < 0.005, respectively); however, 
this difference between the groups disappeared at 1 week 
after tolvaptan administration (1.90 ± 4.81 mEq/mL vs. 
2.33 ± 6.82 mEq/mL, p = 0.600). Serum BUN level at 24 h 
was also significantly increased in the free of combined 
event group compared with the developed combined event 
group (free of combined event group 1.32 ± 5.26 mg/dL vs. 
developed combined event group − 0.16 ± 4.30, p = 0.016). 
Change in the serum creatinine level was not significantly 
different between the free of combined event group and the 
developed combined event group at 24 h, 48 h, and 1 week 
after administration.

The daily dose of furosemide during peri-treatment of 
tolvaptan is shown in Fig. 2. The combined event group 
was prescribed higher doses of furosemide compared with 
the free of combined event group in whole periods (pre-
treatment: 51.9 ± 53.4 mg vs. 37.9 ± 45.2 mg, p = 0.026; 
day 1: 53.9 ± 49.1 mg vs. 42.0 ± 37.9 mg, p = 0.036; day 
2: 48.8 ± 33.2 mg vs. 40.7 ± 37.1 mg, p = 0.031; day 7: 
46.3 ± 42.3 mg vs. 34.2 ± 32.6 mg, p = 0.019). However, 
change in the daily dose of furosemide between pre-treat-
ment and day 7 after administration was not significantly 
different in both groups (developed combined event group: 
51.9 ± 53.4 mg vs. 46.3 ± 42.3 mg, p = 0.253; free of com-
bined event group: 37.9 ± 45.2  mg vs 34.2 ± 32.6  mg, 
p = 0.782). To investigate prognostic factors associated with 
the occurrence of the combined event in tolvaptan-treated 
patients with ADHF, univariate and multivariate Cox pro-
portional hazards models were constructed (Table 3). In 
the univariate analysis, time of initiation from admission, 
serum creatinine level at admission, change in serum sodium 
level between pre-treatment and 24 h after administration, 
and change in serum BUN level between pre-treatment and 
24 h after administration were associated with the combined 
event within 1 year. No significant differences were seen 
in the dose of furosemide pre-treatment, and change in the 
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daily dose of furosemide between pre-treatment and day 7 
after administration. The significant variables (p < 0.05) in 
univariate analysis were entered into an adjusted multivari-
ate analysis. Change in serum sodium level between pre-
treatment and 24 h after tolvaptan administration [hazard 

ratio (HR) 0.913, 95% confidence interval (CI) 0.841–0.989, 
p = 0.025] and time of initiation after admission (HR 1.043, 
95% CI 1.009–1.074, p = 0.015) were independent predictors 
of the combined event within 1 year in the adjusted multi-
variate analysis. In addition, ROC curve analysis revealed a 

Table 1   Baseline patient characteristics

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, MI myocardial infarction, ACEi angiotensin-converting-
enzyme inhibitor, ARB angiotensin II receptor blocker, BUN blood urea nitrogen, BNP B-type natriuretic peptide, LA left atrium, LV left ven-
tricular, EF ejection fraction, AS aortic stenosis, MR mitral regurgitation

Combined event (+)
n = 108

Combined event (−)
n = 155

p value

Demographic characteristics
 Age (years) 77.0 ± 11.5 72.0 ± 11.7 < 0.001
 Male 65 (60) 92 (59) 0.893
 Weight (kg) 60.3 ± 16.3 63.9 ± 19.3 0.112
 BMI (kg/m2) 23.2 ± 4.7 24.6 ± 6.6 0.057
 SBP (mmHg) 130 ± 36 147 ± 37 < 0.001
 DBP (mmHg) 73 ± 19 85 ± 25 < 0.0001

Comorbidities
 Hypertension 73 (68) 100 (65) 0.605
 Hyperlipidemia 57 (53) 77 (49) 0.621
 Diabetes mellitus 46 (43) 72 (46) 0.536
 Previous smoking 52 (50) 87 (57) 0.245
 Atrial fibrillation 58 (54) 86 (55) 0.775
 Acute coronary syndrome 15 (14) 14 (9) 0.220
 Previous MI 37 (34) 38 (25) 0.087
 Previous heart failure 65 (60) 59 (38) < 0.001

Medications
 Loop diuretics 69 (64) 80 (52) 0.047
 Spironolactone 26 (24) 30 (19) 0.359
 ACEi/ARB 58 (54) 86 (55) 0.775
 Beta blocker 58 (54) 63 (41) 0.037

Laboratory parameters
 Hemoglobin (g/dL) 11.1 ± 2.2 11.9 ± 2.4 0.007
 Serum sodium (mEq/L) 138 ± 6 138 ± 6 0.898
 Serum potassium (mEq/L) 4.4 ± 0.7 4.2 ± 0.7 0.025
 Serum BUN (mg/dL) 33 ± 17 27 ± 15 0.002
 Serum creatinine (mg/dL) 1.7 ± 1.0 1.4 ± 1.0 0.008
 Serum uric acid (mg/dL) 7.5 ± 2.4 7.2 ± 2.5 0.242
 Serum albumin (g/dL) 3.4 ± 0.6 3.3 ± 0.5 0.266
 BNP (pg/mL) 1281 (683–2495) (n = 35) 630 (387–920) (n = 32) < 0.001
 NT-pro BNP (pg/mL) 6403 (2537–15,194) (n = 73) 5632 (2475–12,801) (n = 123) 0.788
 BNP ≥350 or NT-pro BNP>5810 70 (65) 86 (55) 0.130

Echocardiographic data
 LA diameter (mm) 48 ± 9 46 ± 9 0.094
 LV end-diastolic diameter (mm) 55 ± 12 54 ± 9 0.261
 LVEF (%) 44 ± 17 46 ± 18 0.294
 EF ≥45% 54 (50) 75 (48) 0.797
 Cardiac index (L/min/m2) 2.5 ± 0.8 2.7 ± 2.6 0.276
 Moderate to severe AS 9 (8) 4 (3) 0.035
 Moderate to severe MR 36 (33) 34 (22) 0.041
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cutoff value for change in serum sodium level of > 1 mEq/L 
pre-treatment versus 24 h after administration [area under 
the curve (AUC) 0.619, p = 0.003] and a cutoff value for 
initiation of tolvaptan of < 5 days after admission (AUC 

0.612, p = 0.002). Kaplan–Meier curves demonstrated a 
significant difference in the free of combined event (change 
in serum sodium level of > 1 mEq/L (n = 143) vs. ≤ 1 mEq/L 
(n = 120), log-rank test p = 0.003, Fig. 3a and initiation of 
tolvaptan of < 5 days (n = 166) vs. ≥ 5 days (n = 97) log-
rank test p = 0.002, Fig. 3b). No significant correlation 
was observed in serum potassium level at admission and 
change in serum sodium level between pre-treatment and 
24 h after tolvaptan administration (R2 = 0.0012, p = 0.580), 
even though low serum potassium level at admission was 
observed in the combined event group (Supplemental 
Fig. 1).

Discussion

In this study, we demonstrated that increasing serum 
sodium level early after tolvaptan administration and early 
initiation of tolvaptan were independent predictors of the 
1-year clinical event of cardiac death or rehospitalization 

Table 2   Tolvaptan administration profile

Combined event (+)
n = 108

Combined event (−)
n = 155

p value

Dose of tolvaptan (mg) 9.4 ± 4.2 8.0 ± 3.5 0.005
Duration of tolvaptan treatment
 < 7 days 39 (36) 63 (41) 0.458
 7–29 days 26 (24) 53 (34) 0.078
 ≥ 30 days 43 (40) 39 (25) 0.012

Time of tolvaptan initiation after admission (day) 6.3 ± 6.7 4.0 ± 4.0 0.002
First day tolvaptan administration 25 (23) 57 (37) 0.018
Responder to tolvaptan 60 (75) (n = 80) 69 (73) (n = 95) 0.723
Weight at discharge (kg) 56.1 ± 12.4 55.8 ± 16.1 0.860
Weight reduction between admission to discharge (%) 8.4 ± 8.3 12.1 ± 7.8 < 0.001

Fig. 1   Change in laboratory 
parameters pre- and post-tolvap-
tan administration

Fig. 2   The daily dose of furosemide administration during the peri-
treatment of tolvaptan. Dotted lines indicate tolvaptan initiation
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due to worsening heart failure. These associations were 
still significant after adjustment by multivariate analysis. 
In addition, change in serum sodium level > 1 mEq/L 
between pre-treatment and 24 h after administration and 
the initiation of tolvaptan < 5 days after admission were 
the optimal cut-off values to predict the incidence of the 
combined event.

Investigation of the prognostic impact of tolvaptan treat-
ment is important to improve long-term outcome in patients 
with ADHF. Several studies have reported favorable short-
term outcomes, such as rapid decongestion and improvement 
of dyspnea, as well as renal protection, based on a reduced 
incidence of worsening renal failure in patients with ADHF 
treated with tolvaptan. Response to tolvaptan, defined as 

Table 3   Univariate and adjusted multivariate analysis using Cox proportional hazards model of predictive factors for combined event of cardiac 
death or rehospitalization due to worsening heart failure

Adjusted for age, sex, systolic blood pressure at admission, previous heart failure hospitalization, BNP ≥ 350 pg/mL or NT-pro BNP>5810 pg/
mL, and serum sodium level at admission
HR hazard ratio, CI confidence interval, BUN blood urea nitrogen

Variables Univariate Multivariate

HR 95% CI p value HR 95% CI p value

Age 1.030 1.012–1.050 0.002 1.033 1.013–1.054 0.001
Sex (Male) 1.016 0.694–1.503 0.935 1.160 0.775–1.754 0.473
Systolic blood pressure at admission 0.989 0.984–0.995 < 0.001 0.993 0.987–0.998 0.012
Previous heart failure hospitalization 2.045 1.395–3.030 < 0.001 1.530 1.007–2.348 0.048
BNP ≥350 pg/mL or NT-pro BNP>5810 pg/mL 1.394 0.945–2.089 0.094 1.127 0.723–1.770 0.600
Serum sodium at admission 0.996 0.967–1.030 0.818 0.982 0.949–1.018 0.302
Serum creatinine at admission 1.215 1.036–1.399 0.011 1.098 0.900–1.310 0.341
Time of tolvaptan initiation 1.057 1.025–1.085 < 0.001 1.043 1.009–1.074 0.015
Duration of tolvaptan 1.010 0.993–1.025 0.194
Dose of furosemide pre-treatment of tolvaptan 1.003 0.999–1.006 0.063
Change in the daily dose of furosemide between pre-treatment and day 7 after 

tolvaptan administration
1.001 0.995–1.003 0.510

Change in serum sodium level between pre and 24 h after tolvaptan administration 0.905 0.848–0.963 0.002 0.913 0.841–0.989 0.025
Change in serum creatinine level between pre and 24 h after tolvaptan administra-

tion
1.154 0.500–2.134 0.706

Change in serum BUN level between pre and 24 h after tolvaptan administration 1.061 1.018–1.102 0.004 1.031 0.985–1.077 0.188

Fig. 3   Kaplan–Meier analysis for the combined event of cardiac 
death or rehospitalization due to worsening heart failure compared 
with change in serum sodium level (∆ Na)> 1 mEq/L (n = 143) and 

≤ 1 mEq/L (n = 120) between pre-treatment versus 24 h after tolvap-
tan administration (a) and the time of tolvaptan initiation < 5  days 
(n = 166) versus ≥ 5 days (n = 97) after admission (b)
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increasing urine volume or improvement of fluid balance 
between pre- and post-tolvaptan administration, has been 
proposed as a predictive factor for short-term outcomes. 
However, inconsistent results have been reported concern-
ing long-term prognostic benefits, such as mortality or 
rehospitalization due to worsening heart failure, in patients 
with ADHF treated with tolvaptan. A large clinical trial and 
meta-analysis demonstrated no beneficial effect of tolvaptan 
in terms of these long-term endpoints [5, 17, 18], although 
several small studies have reported improvements in long-
term mortality and rehospitalization due to heart failure [20, 
22, 23].

We identified increasing serum sodium level as a pre-
dictive factor associated with a reduced incidence of long-
term clinical events (change in serum sodium level between 
pre-treatment and 24 h after administration of tolvaptan: 
HR 0.913, 95% CI 0.841–0.989, p = 0.025). Tolvaptan 
is an oral vasopressin V2 receptor antagonist that blocks 
water reabsorption in the renal collecting ducts, resulting 
in increased free water excretion (aquaresis), reflecting an 
increase in serum sodium concentrations. Several studies 
demonstrated an increase in the serum sodium level in the 
very early period after administration of tolvaptan in patients 
with ADHF [5, 8, 12, 15, 18]. The underlying mechanism 
is thought to be based on good responsiveness to tolvaptan 
leading to rapid and large volume free water excretion and 
subsequent elevation of intravascular sodium concentration. 
This alteration causes a mild increase in the serum sodium 
level. Therefore, increasing serum sodium level during the 
early phase of treatment would correlate with good response 
to tolvaptan in terms of the aquaretic effect and, thus, it is 
associated with the responsiveness of the renal collecting 
duct to tolvaptan.

A combination of furosemide prescription during peri-
treatment using tolvaptan may change serum sodium levels. 
The daily doses of furosemide in the developed combined 
event group were significantly higher than those in the free 
of combined event group. However, dose of furosemide pre-
treatment of tolvaptan and the change in the daily dose of 
furosemide between pre-treatment and day 7 after adminis-
tration were not significantly associated with the incidence 
of combined events, as analyzed by the Cox proportional 
hazard model. Therefore, we believe that the influence of 
furosemide prescription is trivial in terms of its effect on 
changes in serum sodium level during peri-treatment of 
tolvaptan.

The rate of responders, defined as an increasing urine 
volume after administration, was similar in between 
groups, which resulted in the mismatch in the difference 
of elevated serum sodium levels. The following reasons 
were considered: first, the patients in the free of combined-
event group were much more likely to be excluded from 
a responder classification because many of these patients 

received tolvaptan during the first day of admission, which 
we were unable to compare 24 h pre-administrated urine 
volume. Patients who received tolvaptan on the first day 
of admission were more likely to be included as respond-
ers. Second, patients in the free of combined event group 
had a significantly large proportion of weight reduction 
between admission and discharge compared to the com-
bined event group. Although the rate of responders was 
similar in both groups, patients in the free of combined 
event group obtained greater volume reduction during hos-
pitalization. This difference would significantly affect the 
differences in increasing serum sodium level early after 
tolvaptan administration. Potential residual congestion 
was suspected in patients in the developed combined event 
group even though higher doses of furosemide and tolvap-
tan were used, because lesser weight reduction between 
admission and discharge was observed in the combined 
event group. Sufficient volume reduction was favorable 
for inhibiting the occurrence of adverse events for the 
treatment of heart failure. In addition, weight at admis-
sion was not significantly different in both groups but this 
was relatively higher in the free of combined event group. 
Furthermore, weight at discharge was almost similar in 
both groups. This implies that patients in whom the main 
cause was volume overload may benefit from the effects of 
tolvaptan as aquaresis. Elevated serum sodium level early 
after tolvaptan administration is associated with not only 
the side effect of hypernatremia but is also a predictive 
factor of good responsiveness to tolvaptan.

In contrast, in the current study, the significant difference 
in the change in serum sodium level between groups disap-
peared at 1 week after initiation of therapy. Some patients 
ceased tolvaptan treatment less 7 days in both the combined 
event group and the free from combined event group (36% 
and 41%, respectively). Although no significant differ-
ences were seen in the rate of cessation less 7 days between 
groups, this number is relatively large, which may cause 
the disappearance of the difference in serum sodium level 
between groups. If numerous patients continued tolvaptan 
administration over 7 days, the difference in serum sodium 
level may be observed in the long term. On the other hand, 
several studies reported that the patients treated with tolvap-
tan showed a temporary increase in serum sodium level early 
after tolvaptan administration compared with patients treated 
with conventional therapy; this significant difference disap-
peared 1 week after initiation of tolvaptan, while the sub-
sequent absence of serum sodium elevation may be thought 
to be a common reaction to tolvaptan use [9, 12]. Elevation 
of the serum sodium level immediately after administration 
is modified by various factors (e.g., fluid balance, effect of 
other medications, and excretion in the urine) as patients 
enter the chronic phase and elevated serum sodium level 
subsequently resolves.
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Our findings demonstrate that the initiation of tolvap-
tan treatment < 5 days after hospitalization correlated with 
improved clinical outcomes (time of tolvaptan initiation 
from admission, HR 1.043, 95% CI 1.009–1.074, p = 0.015). 
In several studies, early administration of tolvaptan was 
found to have clinical benefit not only in terms of short-term 
clinical efficacy but also reduced mid-term mortality com-
pared to conventional diuretic therapy [10, 16, 22]. These 
studies reported that immediate tolvaptan therapy can pre-
vent activation of the renin–angiotensin–aldosterone system, 
which suppresses deterioration of renal function [7, 22]. The 
suppression of the renin–angiotensin–aldosterone system 
may contribute to effects on mid-to long-term prognosis. 
In the EVEREST Outcome trial, enrolled patients received 
tolvaptan within 48 h of hospitalization; results showed no 
significant improvement in the long-term endpoint of all-
cause mortality and cardiovascular death or rehospitaliza-
tion for heart failure. As is evident from the above data, 
mid-to long-term prognostic benefits due to the early initia-
tion of tolvaptan are uncertain and further investigations are 
needed to determine the most beneficial timing for initiation 
of tolvaptan therapy.

Increased serum sodium level early after administra-
tion and early initiation of tolvaptan are possibly useful for 
assessing long-term prognosis after tolvaptan treatment. 
When poor prognosis is considered, further invasive thera-
pies would be needed to improve long-term outcomes.

Limitations

First, this was a retrospective, observational study and 
included a limited number of patients. To better evaluate 
prognostic factors, further study is required with a larger 
number of patients and with a non-tolvaptan comparison 
group. Second, the dose of tolvaptan, timing of treatment 
initiation, duration of treatment, and selection of medi-
cations were at the discretion of the attending physician. 
Third, our study had the potential for patient selection bias 
in terms of the subgroup of individuals who received tolvap-
tan from the attending physicians. The patients receiving 
tolvaptan would be expected to be more severely ill and 
to have failed conventional therapies. However, we also 
think that such patients are more likely to require tolvap-
tan to improve fluid retention in clinical practice. For these 
high-risk patients, evaluation of prognostic factors would be 
important to ensure optimal clinical prognosis. Fourth, the 
laboratory data collected at 24 h and 48 h after administra-
tion had several hours variation, which may have affected 
the results. Fifth, the cutoff values obtained by ROC curve 
analysis were based on this present study population. We 
do not have data regarding the validity of cutoff values and 
there may be better cutoff values that should be used. Sixth, 
we did not utilize urinalysis parameters, including urine 

osmolality, because many patients lacked these data dur-
ing peri-treatment with tolvaptan. If we had obtained these 
parameters, we could have been able to evaluate responders 
more precisely. Finally, to assess the severity of heart failure, 
we converted BNP and NT-pro BNP to categorical variables 
based on past research, because either BNP or NT-pro BNP 
levels were obtained.

Conclusions

This study demonstrated that an early increase in serum 
sodium level after tolvaptan administration and early initia-
tion of tolvaptan were independent predictors of the 1-year 
clinical event of cardiac death or rehospitalization due 
to worsening heart failure. In addition, changes in serum 
sodium level > 1 mEq/L between pre-treatment versus 24 h 
after administration and the initiation of tolvaptan < 5 days 
after admission were the optimal cut-off values to evalu-
ate the incidence of the combined event of cardiac death or 
rehospitalization due to worsening heart failure. As little is 
known concerning the prognostic factors involving tolvaptan 
treatment, increased serum sodium level early after admin-
istration and early initiation of tolvaptan are possibly useful 
to assess long-term prognosis after tolvaptan treatment, and 
to consider further invasive therapies.
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