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ABSTRACT

Background: There is no known therapy with proven efficacy for improving clinical outcomes 
in elderly patients with heart failure (HF) and preserved ejection fraction (HFpEF). In this 
study, we aimed to evaluate the efficacy of tolvaptan (TLV) in elderly HFpEF patients. Meth-
ods: This retrospective observational study involved 100 consecutive elderly HFpEF patients 
hospitalized at the Nagoya Heart Center, Japan. Inclusion criteria were: (1) patients aged ≥75 
years; (2) first hospitalization secondary to HF; (3) received medical therapy for HF, with-
out invasive treatment; and (4) clinical follow-up for >6 months after discharge. The pri-
mary endpoint was rehospitalization due to worsening HF, and the secondary endpoint was 
worsening renal function (WRF) during hospitalization and at 6 months after discharge. Sixty 
background-matched HFpEF patients were divided into 2 groups: with TLV therapy (TLV (+), 
n = 29) and without TLV therapy (TLV (–), n = 31). In the TLV (+) group, TLV therapy was 
continued after discharge. Clinical outcomes of these patients were evaluated. Results: Bed 
rest period and length of hospital stay were significantly shorter in the TLV (+) group than in 
the TLV (−) group. The dose of loop diuretics, mean serum creatinine levels, and incidence of 
WRF development were significantly lower in the TLV (+) group. Incidence of rehospitalization 
was also significantly lower in the TLV (+) group (log-rank test; p = 0.018). The multivariate 
logistic regression analysis demonstrated that TLV therapy reduces the incidence of rehos-
pitalization in elderly patients with HFpEF. Conclusions: TLV therapy reduced the bed rest 
period, length of hospital stay, and rate of rehospitalization without WRF in elderly HFpEF 
patients, suggesting that TLV could represent an effective therapy for this group of patients.
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INTRODuCTION

In recent years, it has been estimated that 30–50% of 
patients with heart failure (HF) have preserved ejec-
tion fraction (HFpEF). These patients have a poor prog-
nosis, have more frequently atrial fibrillation (AF), and 
are more likely to be older, women, hypertensive, and 
anemic compared to HF patients with reduced ejection 

fraction (HFrEF).1,2 The current therapy available for this 
group of patients includes a decrease in loading condi-
tions, treatment of comorbidities, which can lead to a 
reduction in symptom severity and increase in functional 
capacity, thus preventing rehospitalizations. Although 
tolvaptan (TLV) has been previously investigated in pa-
tients with HF, there are currently few studies that have 
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discussed its long-term efficacy in elderly patients with 
HFpEF.3–10

The aim of this study was to evaluate the short- and 
long-term clinical efficacy of TLV for treating elderly pa-
tients with HFpEF.

METHODS

This retrospective observational study involved all con-
secutive HFpEF patients hospitalized at the Nagoya Heart 
Center, Japan, from 2013 to 2017. Inclusion criteria for 
this study were as follows: (1) patients aged ≥75 years; (2) 
first hospitalization secondary to acute decompensated 
heart failure (ADHF); (3) patients who had received medi-
cal therapy for HF, without invasive treatments such as 
cardiac surgery or catheter-based intervention; and (4) 
patients who were clinically followed up for >6 months 
after discharge. Exclusion criteria for this study were me-
chanical ventilation, cardiogenic shock, dialysis, and ma-
lignancy. 

To diagnose HF, we used the Framingham criteria.11 
With regard to the definition of HFpEF, we employed 
the European Society of Cardiology (ESC) guidelines and 
used Doppler echocardiography to establish the diagno-
ses. Echocardiography was performed within 24 hours af-
ter hospitalization.12 In this study, we defined HFpEF ac-
cording to the following criteria: (1) signs or symptoms of 
HF; and (2) LVEF ≥50% as determined by trans-thoracic 
echocardiography.

The primary endpoint of this study was rehospitaliza-
tion due to worsening HF, and the secondary endpoints 
were worsening renal function (WRF) during hospitaliza-
tion and at 6 months after discharge. WRF was defined 
as ≥0.3 mg/dL increase in serum creatinine level above 
the baseline at any time during hospitalization and at 6 
months after discharge. The bed rest period was defined 
as the time interval between the day of admission and 
the day on which cardiac rehabilitation was initiated in 
the rehabilitation room. The congestion scale included a 
standard 4-point scoring system4 in which clinical fea-
tures were comprised of heart failure signs and symptoms 
(shortness of breath, distended jugular venous system, 
pulmonary congestion, and lower limb edema), and the 
score was evaluated at baseline and at 3 and 6 months 
after discharge. The congestion score was calculated by 
summing the individual scores. 

After applying the inclusion and exclusion criteria, the 
patients were divided into 2 groups: with TLV therapy 
(TLV (+) group) and without TLV therapy (TLV (–) group). 
Informed consent was obtained from each patient, and the 

hospital ethics committee approved this study. The tim-
ing and dosage of TLV therapy of each patient were at the 
discretion of their attending physician.

The present study complies with the Declaration of 
Helsinki, and the institutional review board of our insti-
tute has approved the research protocol. Informed consent 
was obtained from all participants before enrollment into 
the study. 

StatiStical analySiS

Continuous data are presented as mean ± SD. All differ-
ences were compared using Student’s t-test and non-
parametric methods. Discrete variables are expressed as 
counts and percentages. These were assessed using Fish-
er’s exact test or the chi-squared test, depending on the 
sample size. Multivariate logistic regression analysis was 
applied to identify the risk for rehospitalization. Time-to-
event data were summarized as Kaplan-Meier estimates 
according to the rehospitalization status and were com-
pared using the log-rank test. Propensity score match-
ing analysis was adopted for eligible patients to select the 
background-matched control population. In all analyses, 
p <0.05 was considered to indicate statistical significance. 
Statistical analyses were performed using SPSS version 23 
(IBM Corp., Armonk, NY, USA).

RESuLTS

A total of 377 consecutive first-hospitalized ADHF pa-
tients were treated at the Nagoya Heart Center between 
2013 and 2017. Among these patients, 118 had undergone 
invasive therapies, whereas the remaining 259 patients 
received medical therapy. Among these 259 patients, 100 
patients were diagnosed with HFpEF. After propensity 
score matching analysis, we enrolled 60 HFpEF patients 
into this study. The TLV (+) and (−) groups comprised 29 
and 31 patients, respectively. The proportion of patients 
who started TLV therapy from the first day of hospitaliza-
tion was 82.8%, and all patients treated with TLV contin-
ued the therapy even after discharge. 

The baseline characteristics and the clinical outcomes 
are shown in Table 1. There was no difference in the base-
line characteristics between the two groups. The duration 
of continuous intravenous infusion using diuretics, Car-
peritide, and inotropes was significantly shorter in the 
TLV (+) group than in the TLV (–) group: TLV (+) vs. TLV 
(–); 1.8 ± 1.3 days vs. 4.0 ± 4.1 days, p <0.0001. The bed rest 
period and the length of hospital stay were significantly 
shorter in the TLV (+) group than in the TLV (−) group: 
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TLV (+) vs. TLV (–); 2.6 ± 1.5 days vs. 4.8 ± 3.4 days, p 
= 0.001 for the bed rest period; 12.9 ± 5.8 days vs. 17.5 ± 
12.5 days, p = 0.01 for the length of hospital stay. The dose 
of loop diuretics at both discharge and at 6 months after 
discharge, as well as serum creatinine level at 6 months 
after discharge, were significantly lower in the TLV (+) 
group. Although there was no difference in the congestion 
score at discharge, it was significantly higher in the TLV 
(−) group at 6 months after discharge. The level of NT-
proBNP was also significantly higher in the TLV (−) group 
at 6 months after discharge. As shown in Figure 1, the in-
cidence of in-hospital and mid-term WRF development 
was significantly lower in the TLV (+) group: (TLV (+) 
vs. TLV (–); in-hospital WRF, 3.4% vs. 22.6%, p = 0.013; 
mid-term WRF, 11.3% vs. 25.0%, p = 0.034. The incidence 
of all-cause death and rehospitalization was significantly 

lower in the TLV (+) group than in the TLV (−) group: TLV 
(+) vs. TLV (–); all-cause death, 3.4% vs. 29.0%, p = 0.013; 
rehospitalization, 20.7% vs. 58.1%, p = 0.03. 

Kaplan-Meier analysis revealed that the incidence of 
rehospitalization was significantly lower in the TLV (+) 
group than in the TLV (−) group (log-rank test; p = 0.018) 
(Figure 2). As shown in Table 2, multivariate logistic re-
gression analysis demonstrated that female sex and the 
administration of catecholamine during hospitalization 
were negative predictors of rehospitalization, and that TLV 
therapy significantly prevented rehospitalization (female 
sex: odds ratio [OR] 2.861, 95% confidence interval [CI] 
2.032–8.382, p = 0.007; administration of catecholamine 
during hospitalization: OR 2.559, 95% CI 1.176–6.723, p 
= 0.049; TLV therapy: OR 0.191, 95% CI 0.116–0.717, p = 
0.023).

TABLE 1. Baseline characteristics and clinical outcomes

TLV (+)
n = 29

TLV (–)
n = 31

p value

Male, % 55.2 55.5 0.102

Age 84.3 ± 5.4 85.5 ± 5.4 0.565

BMI 22.6 ± 4.9 20.2 ± 5.0 0.218

AF, % 34.1 36.0 0.644

Etiology, % 0.740

IHD 13.8 12.9

VHD 44.8 42.3

HHD 27.6 25.8

Duration of continuous IV infusion, day 1.8 ± 1.3 4.0 ± 4.1 <0.001

Carperitide, % 27.6 25.8 0.553

DOA/DOB, % 13.8 12.6 0.279

ACE-I, ARB, % 86.2 90.0 0.433

β-blocker, % 75.9 76.0 0.597

CCB, % 38.3 38.0 0.255

MRA, % 85.6 89.3 0.441

Bed rest period, day 2.6 ± 1.5 4.8 ± 3.4 0.001

Loop dose at discharge, mg 24.3 ± 14.1 41.9 ± 14.5 0.024

TLV dose, mg 8.3 ± 3.7

Cr at admission, mg/dL 1.19 ± 0.48 1.15 ± 0.44 0.288

NT-proBNP at admission, pg/mL 4015 ± 3488 4130 ± 3061 0.355

Cr at discharge, mg/dL 1.16 ± 0.45 1.26 ± 0.34 0.364

Congestion score at discharge 0.52 ± 1.22 0.32 ± 0.79 0.736

Hb at discharge, mg/dL 11.5 ± 1.9 11.8 ± 1.8 0.963

Htc at discharge, % 35.0 ± 5.3 36.0 ± 5.1 0.938

Length of hospital stay 12.9 ± 5.8 17.5 ± 12.5 0.01

Loop dose at 6 months, mg 32.5 ± 14.2 46.1 ± 14.6 0.044

NT-proBNP at 6 months, pg/mL 1305 ± 2238 2523 ± 3061 0.052

Cr at 6 months, mg/dL 1.13 ± 0.63 1.43 ± 0.55 0.016

Congestion score at 6 months 0.26 ± 0.66 0.83 ± 1.23 0.016

MI – myocardial infarction; EF – ejection fraction; RD – renal dysfunction; MVD – multivessel disease
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DISCuSSION

This study demonstrated the efficacy of TLV therapy for 
elderly HFpEF patients. The main findings of the study 
were as follows: (1) in-hospital and mid-term WRF de-
velopment was significantly lower in patients treated with 
TLV than in those not treated with TLV; (2) the bed rest 

period and the length of hospital stay were significantly 
shorter in patients treated with TLV therapy than in those 
not treated with TLV therapy; (3) the incidence of rehospi-
talization was significantly lower in patients treated with 
TLV therapy than in those not treated with TLV therapy; 
and (4) TLV therapy prevented the incidence of rehospi-
talization in patients with HFpEF.

WRF development

Previous studies have reported that WRF often occurred 
in subjects that had been admitted to the hospital for 
HF and was associated with an increased rate of adverse 
events.13,14 Preventive strategies towards decreasing WRF 
are important concerns, despite the fact that the under-
lying mechanisms of WRF are incompletely understood. 
Previous studies have shown that TLV improves sys-
temic congestion without deteriorating the renal func-
tion.8,9,15–19 Inomata et al. reported that additive TLV was 
one of the independent predictors for preventing WRF 
during the course of treatment.15 Kimura et al. reported 
that early administration of TLV during hospitalization in 
elderly ADHF patients reduces WRF development, espe-
cially persistent and late-onset WRF development.8 Other 
studies have reported that TLV prevented WRF even in 
patients with HF and chronic kidney disease.18,19 In our 
study, 82.8% of the patients started TLV therapy from 
the first day of hospitalization, and TLV therapy reduced 
loop diuretics doses both at discharge and after 6 months, 
and it also prevented WRF development until 6 months 

FIGuRE 2. Cumulative incidence of rehospitalization in the study 
population. The incidence of rehospitalization was significantly 
lower in the TLV (+) group than in the TLV (−) group (log-rank test; 
p = 0.018). TLV – tolvaptan
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after discharge. Taken together, early and continuous ad-
ministration of TLV seems to be an effective therapy for 
preventing WRF development and improving the clinical 
outcome in patients with HFpEF. However, in the TLV (+) 
group, the incidence of WRF development has increased 
from 3.4% at baseline to 13.3% at the 6-month follow-up. 
The fact that the dose of loop diuretic increased after 6 
months compared to the dose at discharge might indicate 
that TLV therapy could contribute to WRF development, 
and further studies are necessary to address this finding.

Bed ReSt peRiod

Older patients with HF are more likely to be hospitalized 
and are at risk of functional decline during hospitalization. 
A previous study has reported that there was a consider-
able loss of skeletal muscle, particularly from the lower 
extremities, as a result of bed rest.20 Uemura et al. demon-
strated that physical activity at discharge independently 
predicted subsequent poor prognosis in HF patients.21 The 
prevention of functional decline during hospitalization 
is a very important issue, and the bed rest period should 
be as short as possible. Ueda et al. reported that an early 
switch from continuous intravenous infusion to oral med-
ication significantly prevented the functional decline dur-
ing hospitalization.22 In our study, 82.8% of the patients 
started TLV therapy from the first day of hospitalization, 
and the duration of continuous intravenous infusion was 
significantly shorter in patients treated with TLV therapy. 
As a result, the bed rest period was significantly shorter 
in these elderly patients treated with TLV. These results 
suggest that TLV immediately improves systemic conges-
tion and shortens both the bed rest period and the length 

of hospital stay, and might be able to prevent frailty in 
elderly patients with HF.

RehoSpitalization Rate

Imamura and Kinugawa demonstrated that TLV therapy 
significantly decreased the incidence of rehospitalization 
in patients with HFpEF.23 Consistently, the current study 
demonstrated that TLV therapy reduced the incidence of 
rehospitalization in HFpEF patients, and TLV therapy af-
ter discharge was the predictive factor for rehospitaliza-
tion. Previous studies have demonstrated the burden of 
recurrent congestion even after the initial relief of con-
gestion during acute hospitalization.24,25 In both studies, 
clinical outcomes were superior for subjects with no or 
mild remaining congestion, while prognosis was signifi-
cantly impaired in individuals with important remaining 
congestion at discharge. In this study, although there was 
no difference in the congestion score at discharge between 
the TLV (+) and TLV (−) groups, the congestion score was 
significantly higher in the TLV (−) group at 6 months after 
discharge. The ambulatory administration of TLV seems 
to continue to suppress recurrent congestion and prohibit 
the worsening of HF. 

There are several limitations in this study. First, this 
was a retrospective observational study conducted at 
a single center, and the number of study participants 
was small; therefore, the statistical power might be low. 
Hence, the findings should be confirmed in a multi-cen-
ter, large-scale, randomized study in the future. Second, 
each attending physician independently decided the tim-
ing and dosage of TLV, because an appropriate dose for 
each patient is essential for a successful HF management. 

TABLE 2. Multivariate logistic regression analysis 

Univariate Multivariate

OR 95% CI p value OR 95% CI p value

Female 2.849 2.481–11.250 <0.001 2.861 2.032–8.382 0.007

AF 1.545 0.832–2.872 0.193

DOA/DOB 2.067 1.704–7.752 0.021 2.559 1.176–6.723 0.049

Carperitide 1.091 0.528–2.253 0.527

ACE-I, ARB 0.294 0.049–1.753 0.206

β-blocker 0.994 0.525–7.041 0.368

CCB 0.333 0.108–1.034 0.064

MRA 0.657 0.269–1.602 0.249

TLV 0.186 0.06–0.593 0.004 0.191 0.116–0.717 0.023

In-hospital WRF 2.895 1.621–9.484 0.047 1.97 0.118–7.815 0.637

Med-term WRF 2.806 1.296–6.078 0.035 2.633 0.257–7.020 0.415
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Third, in administering TLV, it is often discussed whether 
the patients are ‘‘responders’’ or ‘‘non-responders.’’ A 
previous study has reported that TLV might help to im-
prove long-term prognosis in responders.23 In our study, 
patients treated with TLV showed clinical improvement 
and there seemed to be no non-responders.

CONCLuSIONS

In this study, the administration of TLV reduced the bed 
rest period, the length of hospital stay, and the incidence 
of rehospitalization without WRF development in elderly 
patients with HFpEF. TLV could be a safe and effective 
agent for the long-term management of this patient co-
hort. 
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