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Abstract

Aims Real‐world data on the use of tolvaptan, an oral selective vasopressin 2 receptor antagonist, for patients with heart
failure (HF) are not available in Western countries because tolvaptan is not indicated in the Western countries for volume
overload in HF. This study aimed to investigate the current status and recent trends of tolvaptan use for HF in Japan by
analysing a nationwide Japanese Diagnosis Procedure Combination database.
Methods and results We retrospectively identified 257 812 patients hospitalized because of HF between 1 April 2008 and 30
November 2018. The diagnosis of HF at admission was based on the International Classification of Diseases, Tenth Revision,
and in‐hospital treatment. We investigated patient characteristics, in‐hospital diuretic treatment, and tolvaptan treatment
after discharge. The proportion of patients who were prescribed with tolvaptan for HF increased from 3.2% in 2011 to 39%
in 2018. Since 2015, tolvaptan was prescribed within 2 days of hospitalization in >50% of HF cases. At discharge of a patient
who was prescribed with tolvaptan, the rate of oral loop diuretic prescription at a dose ≥80 mg decreased, while the rate of
diuretic prescription at a dose <40 mg increased. After discharge, the rate of tolvaptan prescription gradually increased from
34.0% in 2011 to 69.7% in 2018; however, tolvaptan prescriptions lasting >14 days decreased after 2012.
Conclusions This large‐scale survey indicated an increased rate of tolvaptan prescription and an early shift to tolvaptan
treatment in patients with HF in Japan. The prognostic effects of this change in HF treatment remain unclear.
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Introduction

Heart failure (HF) is a major healthcare problem because of
the associated high morbidity and mortality.1,2 The number
of patients with acute decompensated HF (ADHF) continues
to increase every year.3 In clinical practice, loop diuretics
are used for the initial treatment of patients with ADHF to
relieve the symptoms of congestion. In the analysis of the
Acute Decompensated Heart Failure Syndrome registry,
76.3% of the hospitalized patients with ADHF received
intravenous loop diuretics.4 However, despite its frequent
usage, increasing the dose of loop diuretics may increase
the mortality rates associated with HF.5,6

Tolvaptan is an oral selective vasopressin 2 receptor
antagonist; it is an aquaretic that acts on the collecting ducts
and promotes water diuresis.7 Unlike loop diuretics, such as
furosemide, tolvaptan promotes the excretion of water
without the loss of electrolytes. In Japan, tolvaptan was
approved ‘volume overload in HF when adequate response
is not obtained with other diuretics’ since December
2010.8 Currently, the indication of fluid retention in HF is
accepted mainly in the Asian countries and in several other
countries, and tolvaptan is used to manage congestion in
patients with HF. In Europe and the USA, tolvaptan is not
indicated for volume overload in HF and is mainly used for
treating hyponatraemia.
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Therefore, real‐world data on diuretic therapy with
tolvaptan are not available from the Western countries.

In Japan, several studies have reported on the treatment
of HF with tolvaptan. The Samsca Post‐Marketing Surveil-
lance in Heart Failure (SMILE) study indicated the safety of
tolvaptan for patients with HF.9–12 However, as this study
was a post‐marketing survey, it lacked the information
regarding the prescribing status, such as changes in the
prescription rates or prescription timing after hospitalization.
Furthermore, the changes in the use of loop diuretics since
tolvaptan was used for HF remain unclear.

To address these gaps in knowledge, we retrospectively
evaluated the temporal trends in the treatment of HF with
tolvaptan in clinical practice in Japan using a nationwide Diag-
nosis Procedure Combination (DPC) database. Additionally,
we investigated the changes in the concomitant use of loop
diuretics within the same cohort.

Methods

Data source

Unlinkable anonymized medical data (DPC) from Medical
Data Vision Inc. (Tokyo, Japan) were evaluated in this retro-
spective study. The data of patients with HF (International
Classification of Diseases, Tenth Revision, Codes I50, I11.0,
I13.0, and I13.2) and one or more causes of hospitalization
between 1 April 2008 and 30 November 2018 were extracted.

The diagnosis of HF was well correlated between DPC data
and case review, including clinical laboratory data, with a
specificity of 97.5%.13

Patient selection

Tolvaptan was launched on 14 December 2010 in Japan. The
study cohort was divided into Cohort 1 (1 April 2011 to 30
September 2011) to Cohort 16 (1 October 2018 to 30
November 2018). Cohort 16 data included only short‐term
follow‐up; therefore, we excluded in the analysis as post
hoc decision. To distinguish from scheduled admission, we
defined hospitalization for acute HF as follows: DPC disease
segment was 21 (cause of hospitalization), and ICD‐10 code
was HF; days in hospital were ≥0; and at least one treatment
included injections of loop diuretics, catecholamines, human
atrial natriuretic peptide (hANP), phosphodiesterase inhibi-
tors, or cyclic guanosine monophosphate activators or oxygen
inhalation therapy (DPC codes: J024, J025, and J027) or artifi-
cial ventilation (J026 and J045) or artificial kidney (J038) or
intra‐aortic balloon pump (K600) during hospitalization.

Outcome

The primary outcome was the prescription rate of tolvaptan
for acute HF in each longitudinal cohort. The secondary
outcomes were as follows: first and last prescription days of
tolvaptan for acute HF; standardized doses of loop diuretics
during hospitalization; in‐hospital treatment for acute HF;
and tolvaptan prescription rate after discharge in the patient
with at least three times prescribed in the hospital.

Concomitant disease

The history of disease or concomitant disease was recorded
based on the definitive diagnoses on the day or previous date
of HF admission. The diseases were classified using ICD‐10
codes as follows: hypertension (I10–I15), diabetes mellitus
(E1–E4), hyperlipidaemia (E78.0–E78.5), myocardial infarction
(I21 and I22), arrhythmia (I48), valvular heart disease
(I05–I09, I34–I37, and I39.0–I39.4), cardiomyopathy (I01.2,
I09.0, I40–I43, and I51.4), and renal failure (N17 to I19,
I12.0, I13.1, and I13.2).

Data analyses

Drugs, routes of administration, and dose were identified
based on the trade names. The doses of loop diuretic were
converted to equivalent furosemide doses using the
standard conversion guidelines (furosemide: ×1; azosemide:
×2/3; torasemide: ×5; bumetanide: ×40; and piretanide:
×10; injection formula was ×2). The first prescription of
the drugs was any day the drugs were first prescribed
during acute HF. The last prescription date was estimated
based on the last prescription data at discharge due to
acute HF. Therefore, we used the prescription data of the
second last prescription (‘last‐1’). This algorithm requires
at least three prescriptions. We excluded the patients with
less than three prescriptions for drugs for acute HF from
the analyses. We divided the data into three datasets for
each of the following analyses: analyses for in‐hospital
treatment (Dataset 1); analyses for in‐hospital loop diuretic
treatment (Dataset 2); and analyses for tolvaptan treatment
after discharge (Dataset 3). We summarized the number of
hospitalizations per cohort; if a patient was admitted
multiple times for HF, he or she was enrolled in the corre-
sponding cohorts. The patient flow chart for each dataset is
illustrated in Figure 1.

Ethics

Any study using this anonymized data was documented
as ‘non‐covered area’ in the ‘Ethical Guidelines for
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Epidemiological Research’ by the Japanese Government
(https://www.mhlw.go.jp/general/seido/kousei/i‐kenkyu/
ekigaku/0504sisin.html, in Japanese). This study was
conducted after the study protocols were approved by the
ethics committee of the Hyogo Prefectural Amagasaki
General Medical Center Ethics Committee.

Statistical analysis

We performed descriptive statistics. Categorical variables
were presented as numbers and proportions, and continuous
variables were presented as mean ± standard deviation.
Analysis of tolvaptan prescription after discharge for acute
HF was performed using the Kaplan–Meier method. Data
processing and analyses were performed using R v3.5.1 (R
Foundation for Statistical Computing, Vienna, Austria).

Results

The study included 235 487 hospitalizations (173 577
patients) in Dataset 1. The patients’ demographic characteris-
tics, co‐morbidities, and treatment administered during

hospitalization according to the prescription of tolvaptan
are summarized in Table 1A and 1B. In each cohort, there
was no difference in the sex and age distribution between
the patients who were and those who were not prescribed
with tolvaptan. However, the proportions of patients with
co‐morbidities, such as hypertension, diabetes, hyperlipidae-
mia, ischaemic heart disease, stroke, arrhythmia, hepatic
disease, and renal disease, were higher in the
tolvaptan‐administered group. Particularly, renal failure was
consistently noted in >40% of the patients who were
prescribed with tolvaptan. Further, the proportion of patients
with in‐hospital treatments, such as catecholamine injection,
pimobendan, thiazides, mineral corticoid receptor
antagonists, and beta‐blockers, was consistently higher in
the tolvaptan‐administered group. The use of hANP was
higher in the tolvaptan‐administered group; however, the
prescription rate tended to decrease gradually. The length
of hospital stay was consistently longer for patients who were
prescribed with tolvaptan.

The rate of tolvaptan‐administered patients gradually
increased to 3.2% in Cohort 1; 9.8%, Cohort 3; 14.5%,
Cohort 5; 20.1%, Cohort 7; 24.7%, Cohort 9; 28.8%, Cohort
11; 35.5%, Cohort 13; and 39.0%, Cohort 15 (Figure 2). We
noted that the prescription of drugs was gradually initiated

Figure 1 Patient study flow chart. The number indicates the number of patients, and hospitalization indicates the total number of hospitalizations. HF,
heart failure.
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earlier over time. After Cohort 9, tolvaptan was prescribed
within 2 days of hospitalization for more than 50% of the
patients.

Analyses of in‐hospital loop diuretic treatment

We examined the use of diuretics in 177 669 hospitalizations
(133 736 patients) in Dataset 2. Tables 2 and A1 depict the
use of loop diuretics according to tolvaptan prescription.
The average oral dose of diuretics (in terms of furosemide
equivalents) was higher on both the first day and the
last‐1 day in the tolvaptan‐administered group (Cohort 15:
40.5 and 39.1 mg, respectively) than that in the group that
was not administered with tolvaptan (Cohort 15: 33.2 and
30.0 mg, respectively). In patients treated with tolvaptan, a
temporal trend of slight decrease in both the first and last‐1
oral doses of diuretics was observed from Cohort 1 (55.3
and 58.7 mg, respectively) to Cohort 15 (40.5 and 39.1 mg,
respectively). A similar trend was observed for the last‐1 oral
dose of diuretics in patients who did not receive tolvaptan
(Cohort 1, 36.8 mg; Cohort 15, 30.0 mg). Figure 3 illustrates
the prescription of oral doses on the last‐1 day; the prescrip-
tion rate of furosemide equivalents ≥80 mg was reduced, and
the prescription of tolvaptan increased for patients receiving
furosemide equivalents <40 mg. The prescription rate of
intravenous loop diuretics on the day of admission was
approximately 75% in the overall cohorts. hANP was
prescribed to nearly 50% of patients in Cohorts 1–7. In the
subsequent cohorts, hANP prescription rates tended to
decline; however, hANP was still prescribed to approximately
40% of patients in the tolvaptan group.

Analyses for tolvaptan treatment after discharge

We evaluated tolvaptan prescription after discharge in
42 998 hospitalizations (32 200 patients) in Dataset 3. The
proportion of patients who received tolvaptan at discharge
was 34.0% [95% confidence interval (CI): 23.3–49.4] for
Cohort 1, which gradually increased to approximately
69.7% (95% CI: 68.5–70.9) for Cohort 15. At 14 days after
discharge, the tolvaptan prescription rate decreased from
Cohort 3 onwards. At 56 days after discharge, approximately
30% of patients in Cohorts 12–15 were prescribed with
tolvaptan. In Cohort 13, 17.3% (95% CI: 16.3–18.3)
of patients were prescribed with tolvaptan for >168 days
(Figure 4 and Table A2).

Discussion

The present study reported the longitudinal epidemiological
data on the trends in the treatment of acute HF,
including the use of loop diuretics and tolvaptan, based
on a nationwide hospital claims database. We found that
tolvaptan was often prescribed for patients with acute HF
and multiple co‐morbidities. The tolvaptan prescription
rates for acute HF increased gradually, and tolvaptan
was being prescribed earlier than that noted previously.
The rate of prescription of high‐dose loop diuretics
decreased, and the tolvaptan prescription rates increased
at discharge.

Patients’ background

Tolvaptan has been approved for patients with HF with
persistent fluid retention despite the use of conventional
diuretics in Japan. Therefore, it is necessary to carefully
consider the differences in the background characteristics of
the patients according to the use of tolvaptan. Previous
prospective observational studies on patients with acute HF
reported that tolvaptan‐administered patients had poorer
renal function and lower ejection fraction.14,15 However,
large data on the patients’ demographic characteristics and
co‐morbidities have not been previously investigated. In this
study, there were no apparent differences in the sex or age
distribution between patients according to the prescription
of tolvaptan. However, we noted a higher prevalence of co‐
morbidities, especially renal failure, longer lengths of
hospital stay, and increased use of inotropic drugs in
tolvaptan‐administered patients. In summary, tolvaptan has
been used in daily clinical practice for patients with more
refractory HF.

Figure 2 The longitudinal changes of tolvaptan prescription rate and
start date in acute heart failure. The line graph showed the tolvaptan pre-
scription rate. The odd cohorts were 1 April to 30 September, and even
cohorts were 1 October to 31 May from 2011 to 2018 (1st: 1 April
2011 to 30 September 2011; 15th: 1 April 2018 to 30 September 2018).
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Temporal trends in tolvaptan treatment

Our findings suggested that the tolvaptan prescription rates
gradually increased over time. This temporal trend may be
affected by both clinical experience and findings of the SMILE
study. The SMILE study reported that tolvaptan can be safely
prescribed; however, data on the timing of initiating
tolvaptan prescription are unclear. The present findings indi-
cated that the gradual trend was to prescribe tolvaptan ear-
lier during hospitalization. Recent observational studies have
indicated that the early use of tolvaptan during hospitaliza-
tion could prevent deterioration in renal function and reduce
the duration of hospitalization and in‐hospital deaths.14,16

In contrast, the prescription rate of hANP decreased
gradually in this study. These results suggest that the strategy
to prescribe tolvaptan early is commonly used across several
medical institutions and that it might have altered the
management strategies for conventional HF. However,
sufficient evidence for the early use of tolvaptan in patients
with HF is not available, particularly with respect to improved
long‐term prognosis; therefore, further discussions and
studies are warranted.

Temporal trends for loop diuresis treatment in
acute heart failure

Loop diuretics are the first‐line drugs for HF. However, they
are known to have serious side effects, such as electrolyte
imbalances, decreased renal function, and activation of the
renin–angiotensin system.17 Several observational studies
have reported that high‐dose loop diuretics are associated
with poor prognoses in patients with HF.18–21 A recent
Swedish nationwide cohort study reported a trend of de-
creased prescription rates and dose of loop diuretics for the
patients with chronic HF.22 The SMILE study demonstrated
that the baseline dose of oral diuretics decreased from 69.3
to 54.9 mg between 2011 and 2015.11 Similarly, in our study,
the baseline dose of oral loop diuretics (in furosemide equiv-
alents) gradually decreased between Cohort 1 and Cohort 15.
Furthermore, when focusing on oral loop diuretics before
discharge, our findings suggested that the proportion of
patients receiving furosemide equivalent >80 mg/day
decreased and that of those receiving furosemide equivalent
<40 mg/day increased among the tolvaptan‐prescribed
patients. The prescription rate of intravenous loop diuretics
on the day of admission was only 75% in all the cohorts.
The prescription rate is lower in Japan than in Western coun-
tries because hANP is often used as a vasodilator and as a di-
uretic without loop diuretics. In fact, in the Kyoto Congestive
Heart Failure registry, between 2014 and 2016, intravenous
loop diuretics and hANP were used in 84% and 37% of cases,
respectively, within 24 h of admission.23 The usage of hANP
was observed to decrease from 2007 to 2015 in the otherTa
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three large Japanese HF registries. However, it was reported
that the usage was still high in the acute phase; between
2007 and 2011, 2011 and 2015, and 2014 and 2015, the rates
were 58.3%, 52.1%, and 45.6%, respectively.24 In the present
study, a trend towards decreasing the use of hANP was ob-
served after 2014; nevertheless, it continued to be frequently
used in patients with HF. We believe that the lower rate of
use of intravenous loop diuretics is because of the unique
Japanese usage of hANP. However, we could not determine

whether the declining trend in the doses of loop diuretics
and use of hANP was related to the increased prescription
rate of tolvaptan to avoid high‐dose loop diuretics because
there were no data on congestion in this study. In addition,
it is unclear whether the decrease in the use of loop diuretics
had an impact on clinical outcomes. Further studies on
concomitant diuretic therapy are required to further eluci-
date the efficacy of these therapies.

Tolvaptan treatment after discharge

In the Efficacy of Vasopressin Antagonism in Heart Failure
Outcome Study with Tolvaptan, long‐term tolvaptan therapy
did not improve the mortality rates compared with the
placebo.25 Nevertheless, 43.6% of patients received tolvaptan
for >2 weeks after discharge in the SMILE study.9 Our
findings also indicated that the rate of continuing tolvaptan
after discharge has been increasing. A recent study suggested
the benefits of long‐term tolvaptan treatment in patients
with several risk factors for HF readmission.26 Another retro-
spective study suggested that long‐term tolvaptan therapy in
patients with acute HF and chronic renal failure was safe and
reduced the readmission rates due to HF.27 Furthermore, a
prospective randomized study reported improvements in
the quality of life and a decrease in the readmission rates
for HF due to the 6 month tolvaptan therapy.28 Therefore,
long‐term tolvaptan therapy for suitable patients may be
acceptable with careful follow‐up.

Figure 3 The longitudinal changes with and without tolvaptan in standardized oral furosemide dose of loop diuretics at previous prescription for
in‐hospital any last prescription. The odd cohorts were 1 April to 30 September, and even cohorts were 1 October to 31 May from 2011 to 2018
(1st: 1 April 2011 to 30 September 2011; 15th: 1 April 2018 to 30 September 2018).

Figure 4 The prescription rate of tolvaptan after discharge. The odd co-
horts were 1 April to 30 September, and even cohorts were 1 October to
31May from 2011 to 2018 (1st: 1 April 2011 to 30 September 2011; 15th:
1 April 2018 to 30 September 2018).
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Limitations

There are several limitations of this study. First, this study
was a retrospective analysis using a secondary administra-
tive database. HF diagnosis based on the DPC database is
generally less validated compared with that based on
planned prospective studies. Furthermore, we could not
assess the appropriateness of the treatment because this
was not an interventional trial. Second, this study did not
cover all the participating DPC hospitals; it only included
data obtained from the Medical Data Vision Inc.’s medical
database, which covers 18% of the DPC hospitals. This data
source does not include other hospitals or national and
private university hospitals. Furthermore, because the
volume of data provided is gradually increasing every year,
the number of data points varies each year. Therefore,
there is potential for bias with respect to patient selection;
therefore, the results of the study should be generalized
cautiously. Third, this study did not include significant
clinical data, such as the ejection fraction, systolic blood
pressure, and biomarkers such as serum brain natriuretic
peptide levels. In particular, another considerable limitation
is the unavailability of physiological findings of congestion,
such as lower limb oedema and jugular vein distension.
Therefore, the severity of HF could not be determined.
We could not assess the differences between the patients
with reduced, preserved, and mid‐range ejection fraction.
Fourth, the data could not be used to confirm whether
tolvaptan was used only for refractory fluid retention
resistant to conventional diuretics. Fifth, the treatment
history was not traced if a patient moved to other hospi-
tals. Therefore, some data may be underestimated. Particu-
larly, the decrease in the continuous prescription rate of
tolvaptan after discharge may be because tolvaptan was
prescribed at another hospital. Additionally, the patients
who were not actually taking the medication as prescribed
were also included.

Conclusions

Our study reported on the temporal trends of HF treatment,
including tolvaptan use, in Japan. In clinical practice, the pre-
scription rate of tolvaptan has increased compared with that
noted previously, and tolvaptan is prescribed earlier than that
noted previously. The initial protocol included tolvaptan ther-
apy only during hospitalization; however, tolvaptan therapy
was commonly continued after discharge in many hospitals.
In Japan, tolvaptan is indicated for fluid retention in HF, and
accumulation of additional data is necessary. Finally, as the
number of patients with HF is increasing, our results may help
in updating our clinical knowledge of HF therapy.
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