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Abstract
Tolvaptan has been gradually spread to use as a potent diuretic for congestive heart failure in the limited country. However, 
the response to this aquaretic drug still is unpredictable. A total of 92 patients urgently hospitalized due to congestive heart 
failure and treated with tolvaptan in addition to standard treatment was retrospectively analyzed. Responder of tolvaptan 
treatment was defined as a patient with peak negative fluid balance greater than 500 mL/day, and clinical profiles were com-
pared between 76 responders and 16 non-responders. Responders started to increase daily urine volume (UV) from Day 1 
through Day 3. In contrast, non-responders showed no significant increase in daily UV from the baseline up to Day 5. Time 
between admission and tolvaptan administration was shorter in responders, even without statistical significance (3.3 vs. 
4.6 days, p = 0.053). Multivariate analysis revealed that blood urea nitrogen (BUN) [cutoff: 34 mg/dL, odds ratio (OR) 9.0, 
95% confidence interval (CI) 1.42–57.3, p < 0.01] and plasma renin activity (PRA) (cutoff: 4.7 ng/mL/h, OR 6.1, 95% CI 
1.01–36.4, p < 0.01) at baseline were independent predictors for tolvaptan responsiveness. It suggests that renal perfusion 
may affect tolvaptan-induced UV. Finally, durations of stay in intensive care unit and total hospitalization were significantly 
shorter in responders (median: 6.0 vs. 13.0 days, p = 0.022; 15.0 vs. 25.0 days, p = 0.016, respectively). Responders of 
tolvaptan have lower BUN and renin activity at baseline, and shorten hospitalization period.
Trial Registration
The study was registered at University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR) with 
the identifier UMIN000023594. https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000024988
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Introduction

Congestive heart failure (CHF) is a major cause of hospitali-
zation in cardiology units and is often caused by systemic 
volume overload. Although substantial evidence of medical 
treatments for CHF has been accumulated, it is not uncom-
mon to encounter patients who are refractory to existing 
therapies. Thus, diverse approaches are necessary to treat 
CHF. Loop diuretics are clinically useful to reduce excessive 
intravascular volume. However, the responses to these classi-
cal diuretics are sometimes insufficient in patients with more 
advanced stages of the disease [1]. Furthermore, the admin-
istration of high-dose loop diuretics induces several adverse 
events, including renal impairment and hyponatremia, 
through the activation of the renin–angiotensin–aldosterone 
system (RAAS). These issues ultimately lead to poor long-
term survival [2].

The original version of this article was revised: The values of 
blood urea nitrogen (BUN) and plasma renin activity (PRA) have 
been corrected in this article.

The work presented in this manuscript was performed at 
Nishiarai Heart Center Hospital, 1-12-8 Nishiarai-honcho, 
Adachi-ku, Tokyo, Japan, 123-0845.

Electronic supplementary material The online version of this 
article (doi:10.1007/s00380-017-1072-6) contains supplementary 
material, which is available to authorized users.

 * Kentaro Jujo 
 juken1123@mac.com

1 Department of Cardiology, Tokyo Women’s Medical 
University, 8-1 Kawadacho, Shinjuku-ku, Tokyo 162-0054, 
Japan

2 Department of Cardiology, Nishiarai Heart Center Hospital, 
Tokyo, Japan

https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000024988
http://crossmark.crossref.org/dialog/?doi=10.1007/s00380-017-1072-6&domain=pdf
https://doi.org/10.1007/s00380-017-1072-6


375Heart and Vessels (2018) 33:374–383 

1 3

Arginine vasopressin (AVP) levels are elevated in CHF 
patients and may lead to water retention and hyponatremia 
by activating V2 receptors [3]. Tolvaptan is a selective AVP 
V2 receptor antagonist that increases the excretion of free 
water (aquaresis) in CHF patients. In Japan, tolvaptan is cov-
ered by health insurance for CHF patients and has gradu-
ally become widely used in these patients [4–7]. Despite 
this recent usage, the diuretic effect of this aquaretic drug 
in patients with CHF cannot be accurately predicted. With 
the above in mind, we aimed to clarify the characteristics 
of responders to tolvaptan among CHF patients in a real 
clinical setting.

Methods

Study design

This was a retrospective observational study of patients 
who were urgently hospitalized due to worsening CHF and 
were treated with tolvaptan in a single cardiovascular center 
between June 2011 and March 2014. Patients were diagnosed 
with CHF by their physicians according to the Framingham 
heart failure diagnostic criteria. However, patients who 
were already receiving daily tolvaptan before admission or 
undergoing maintenance dialysis were excluded. The study 
protocols conformed to the ethical guidelines of the 1975 
Declaration of Helsinki. The ethics committee of our institu-
tion approved the study protocol. Written informed consent 
only for data use from medical records was obtained from 
all patients before study enrolment. Finally, 92 patients were 
retrospectively analyzed.

Treatment protocols and definitions

All patients were administered at least one diuretic at the 
initiation of tolvaptan treatment. Urine volume (UV) and 
fluid balance (FB) were evaluated before and up to 4 days 
after the initiation of tolvaptan treatment.

The tolvaptan initial dose was arbitrarily decided by the 
attending physician and dose was titrated over the follow-
ing days at the discretion of the attending physician. Once 
hypernatremia occurred, tolvaptan was discontinued. The 
final dose of tolvaptan was principally decreased to 3.75 mg 
after the intensive treatment period. Patients were divided 
into responders and non-responders depending on their FB. 
A responder was defined as a patient with a peak value of 
negative daily FB > 500 mL within the 4 days after the start 
of tolvaptan treatment. Based on the finding that the median 
daily FB in all patients peaked at − 558 mL/day on day 2 
(Fig. 1), we set a cutoff value of response to tolvaptan at a 
peak negative FB of approximately > 500 mL/day within 
4 days after the initiation of tolvaptan treatment.

Worsening renal function (WRF) was defined as a serum 
creatinine (Cr) elevation of 0.3 mg/dL above the baseline 
during the 4 days after the start of tolvaptan treatment. 
[1–3] Hypertension was defined as systolic blood pressure 
(BP) > 140 mmHg, diastolic BP > 90 mmHg, or ongoing 
treatment using antihypertensive medicine against previ-
ously diagnosed hypertension; diabetes mellitus was defined 
by a fasting plasma blood glucose level of ≥ 126 mg/dL on 
two separate occasions or ≥ 200 mg/dL at any time or the 
use of anti-hyperglycemic agents including insulin. Dyslipi-
demia was diagnosed according to low-density lipoprotein 
cholesterol level ≥ 140 mg/dL, high-density lipoprotein cho-
lesterol level < 40 mg/dL, triglyceride level ≥ 150 mg/dL, or 
the use of anti-lipidemic medicines. Chronic kidney disease 
was determined based on estimated glomerular filtration rate 
(eGFR) < 60 mL/min/1.73 m2. Peripheral artery disease 
(PAD) was determined by an ankle-brachial index ≤ 0.80, 
angiographically defined peripheral arterial stenosis ≥ 75%, 
or history of endovascular treatment for ischemic limbs.

Data collection

Baseline patient characteristics, comorbidities, etiology of 
heart failure, duration from admission to tolvaptan admin-
istration, initial doses of tolvaptan and other medications, 
4-day total doses of furosemide after the initiation of tolvap-
tan, and durations of intensive care unit (ICU) and total hos-
pital stays were recorded. All information about past illness 

Fig. 1  Fluid balance before and after tolvaptan in the entire study 
population. The median fluid balance in all patients before and up 
to 5 days after tolvaptan administration is shown. Red line indicates 
−500 mL/day of fluid balance
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was collected from medical records. Vital signs, including 
physical findings, BP, and UV, and lab data, including Cr 
and blood urea nitrogen (BUN) for renal function, were 
evaluated for 5 days after the start of tolvaptan treatment. 
Plasma renin activity (PRA), plasma aldosterone concentra-
tion, brain natriuretic peptide (BNP), and catecholamines 
(neurohumoral factors) were evaluated for 5 days after the 
start of tolvaptan treatment. All blood samples for the analy-
sis of baseline parameters were collected immediately before 
tolvaptan administration or early on the morning of the day 
of tolvaptan initiation.

Statistical analysis

Values are expressed as means ± SDs and percentiles in 
tables, means ± SEs in figures, and means alone in the text 
unless otherwise noted. Data concerning hospital and ICU 
stays are expressed as medians and interquartile ranges 
(25–75th percentile). Figures 1 and 4 are presented as boxes 
and whiskers with maximum and minimum values. The bot-
tom and top of the box are the first and third quartiles, and 
the band inside the box is the median. The ends of the whisk-
ers represent the minimum and maximums values of all 
data. The independent Student’s t test or the non-parametric 
equivalent Mann–Whitney U test was used to compare con-
tinuous parameters between responders and non-responders. 
Fisher’s exact test or the Chi square test was used to evalu-
ate categorical variables. Comparisons among consecu-
tive samples from the two groups were evaluated by mul-
tiple t tests using the Holm–Sidak method. The Wilcoxon 
matched-pairs signed-rank test was used for comparisons 
of consecutive samples with baseline. Multivariate analysis 
was performed to evaluate the independent contribution of 
clinical and physiological variables to tolvaptan response by 
forward stepwise logistic regression analysis. The variables 
with statistical significance in the univariate analysis were 
tested. In multivariate analysis, we adjusted the duration of 
hospital stay for serum creatinine and sodium concentration 
at admission. The area under the receiver operating charac-
teristic (ROC) curve (AUC) was plotted to determine cutoff 
points to convert continuous parameters to categorical vari-
ables. A two-sided p value < 0.05 was considered statisti-
cally significant.

Results

Baseline clinical backgrounds and medications

Patient characteristics are shown in Table 1. Patients in this 
study were typically in the late 70 s and half were men. 
They experienced diverse comorbidities; in particular, 
chronic kidney disease was highly prevalent in both groups. 

There was no significant difference in any parameters except 
those relating to renal function, such as Cr, BUN, and PRA, 
between the two groups. The etiologies of heart failure are 
shown in Supplemental Table 1; the prevalence was simi-
lar in both groups. Both groups had comparable echocar-
diographic parameters (Supplemental Table 2). The rate of 
pre-hospital oral furosemide use was approximately 60% in 
both groups (responders vs. non-responders 61% vs. 56%, 
p = 0.75). Angiotensin converting enzyme inhibitors/angio-
tensin II receptor blockers and beta-blockers were similarly 
administered between the groups. Other pre-hospital oral 
medications were also similarly administered and 4-day total 
doses of furosemide were not significantly different between 
the groups. However, aldosterone antagonists were signifi-
cantly more frequently administered in responders (82 vs. 
50%, p < 0.01) (Table 2). Compared to the CHF patients 
enrolled in one of the largest representative observational 
studies in Japan, these two study populations had compa-
rable etiologies of CHF, renal functions, BNP levels and 
pre-hospital medications (Supplemental Table 3). In con-
trast, the major difference between the studies was NYHA 
classification at the admission. Also, patients in the current 
study frequently included female patients with older age, 
lower systolic BP and preserved cardiac function, compared 
to ATTEND registry.

Water excretion

The patients’ UV and FB values are shown in Fig.  2. 
The UV of responders started to increase from day 1 
(1191–1897 mL/day, p < 0.01, Fig. 2a). This increase was 
greater than 150% of baseline. This significant increase per-
sisted over the 3 days after tolvaptan initiation. Responders 
achieved negative FB during 4 days after tolvaptan initia-
tion. In contrast, non-responders did not show any significant 
change in UV from baseline and never achieved negative 
FB at any time point. UV and FB showed significant dif-
ferences between the groups (day 3: 1987 vs. 1032 mL/day, 
p < 0.001; − 684 vs. + 216 mL/day, p < 0.001, respectively, 
Fig. 2). Cutoff values of UV and FB at day 1 in responders 
and non-responders were 1080 mL/day and − 208 mL/day, 
respectively (Supplemental Figure 1). Total 4-day UV and 
4-day negative FB were greater in responders (Supplemental 
Figure 2).

Predictors of response to tolvaptan

Tolvaptan administration

All patients were treated with natriuretics and if the efficacy 
of these drugs was not enough to restore the patient’s sta-
tus, we considered tolvaptan. Total administered duration 
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and initial dose of tolvaptan were not statistically differ-
ent between the groups (5.9 vs. 7.2 days, p = 0.26; 7.8 vs. 
7.7 mg, p = 0.75, respectively, Supplemental Figure 3A, B). 
With regard to the time between the patient’s admission and 
the initial administration of tolvaptan, there was a tendency 
for tolvaptan to be administered earlier in responders (3.3 
vs. 4.6 days, p = 0.053, Supplemental Figure 3C). Addition-
ally, among the entire study population, an earlier start of 

tolvaptan was associated with a shorter duration of hospital 
stay (r = 0.43, p < 0.001, Supplemental Figure 3D).

Renal function

Responders had significantly better baseline renal function 
(Cr: 1.19 vs. 2.16 mg/dL, p < 0.01; eGFR: 52.9 vs. 34.1 mL/
min/1.73 m2, p = 0.012; Cystatin C: 1.60 vs. 2.07 mg/L; 

Table 1  Patient profiles

BNP brain natriuretic peptide, BP blood pressure, BUN blood urea nitrogen, CABG coronary artery bypass 
grafting, eGFR estimated glomerular filtration rate, LV left ventricle, NYHA New York Heart Association, 
PCI percutaneous coronary intervention
a eGFR < 60 mL/min/1.73 m2

b EF < 40%

Responders (n = 76) Non-responders (n = 16) p value

Age, years 79 ± 10 76 ± 8 0.11
Male 35 (46%) 7 (44%) 0.87
Body mass index, kg/m2 23 ± 5 24 ± 3 0.40
Current smoking 29 (38%) 4 (25%) 0.32
Hypertension 54 (71%) 12 (75%) 0.75
Dyslipidemia 36 (47%) 9 (56%) 0.52
Diabetes 34 (45%) 7 (44%) 0.94
Coronary artery disease 40 (53%) 11 (69%) 0.24
Prior PCI 17 (22%) 5 (31%) 0.45
Prior CABG 7 (9%) 2 (13%) 0.69
Prior myocardial infarction 22 (29%) 6 (38%) 0.50
Peripheral artery disease 18 (24%) 4 (25%) 0.91
Atrial fibrillation 32 (42%) 3 (19%) 0.08
Chronic kidney  diseasea 51 (67%) 14 (88%) 0.10
LV systolic  dysfunctionb 34 (45%) 7 (44%) 0.94
NYHA
 III 23 (30%) 4 (25%) 0.77
 IV 53 (70%) 12 (75%)

Systolic BP, mmHg 123 ± 24 118 ± 23 0.48
Diastolic BP, mmHg 68 ± 18 61 ± 13 0.24
Mean BP, mmHg 86 ± 18 80 ± 15 0.29
Lab data
 Serum creatinine, mg/dL 1.2 ± 0.6 2.2 ± 1.8 <0.01
 eGFR, mL/min/1.73 m2 53 ± 29 34 ± 20 0.012
 Cystatin C, mg/L 1.60 ± 0.6 2.07 ± 0.9 0.018
 BUN, mg/dL 27 ± 12 42 ± 20 <0.01
 Sodium, mEq/L 137 ± 6 135 ± 3 0.040
 Sodium < 135 mEq/L 24 (32%) 7 (44%) 0.39
 Potassium, mEq/L 3.8 ± 0.62 3.9 ± 0.45 0.79
 BNP, pg/mL 1016 ± 1002 1473 ± 1590 0.15
 Plasma aldosterone, ng/dL 107 ± 100 119 ± 160 0.74
 Plasma renin activity, ng/mL/hr 3.5 ± 5.0 12 ± 8.4 <0.01

Catecholamines (ng/mL)
 Adrenaline 191 ± 307 124 ± 129 0.48
 Noradrenaline 1534 ± 1355 1516 ± 2434 0.97
 Dopamine 85 ± 144 62 ± 46 0.62
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BUN: 26.7 vs. 42.0 mg/dL, p < 0.01, Table 1, Fig. 3a, b). In 

responders, BUN/Cr ratio significantly decreased between 
day 0 and day 5; however, there was no significant difference 
between the groups (Fig. 3c). Tolvaptan administration fur-
ther worsened renal function in non-responders (Cr: 0.6 vs. 
23.0%, p < 0.01; BUN: − 3.9 vs. 15.9%, p = 0.045, Fig. 3, 
Supplemental Figure 4A, B). As a result, the incidence of 
WRF in responders was significantly lower than that in non-
responders (11 vs. 63%, p < 0.01, Supplemental Figure 4C).

Neurohumoral factors

In terms of neurohumoral factors, both groups had simi-
lar baseline values and achieved substantial reductions for 
all kinds of catecholamines (Table 1, Fig. 3d–f). Further-
more, the kinetics of BNP and aldosterone concentration 
were similar between the groups (Table 1, Fig. 3g, h). Only 
responders achieved significant reductions in these param-
eters. However, PRA at baseline was significantly lower in 
responders (3.5 vs. 12.3 ng/mL/h, p < 0.01, Table 1, Fig. 3i). 
Additionally, baseline PRA value was associated with eGFR 
(r = − 0.35, p = 0.003, Supplemental Figure 5) rather than 
with BUN or BUN/creatinine ratio (r = 0.19, p = 0.038; 
r = 0.28, p = 0.020, respectively). PRA level was not signifi-
cantly different between patients with and without aldoster-
one antagonist administration at baseline (1.25 [0.63–7.15] 
vs. 1.20 [0.40–7.70] ng/mL/h, p = 0.76).

Medications

Patients who did not receive pre-treatment with furosemide 
represented 39 and 44% of responders and non-responders, 
respectively. Furthermore, total doses of 4-day furosemide 

Table 2  Medications

ACEi indicates angiotensin converting enzyme inhibitor, ARB angio-
tensin II receptor blocker, ISMN isosorbide mononitrate, IV intrave-
nous, NTG nitroglycerin

Responders (n = 76) Non-
responders 
(n = 16)

p value

Pre-hospital medication
 Furosemide 46 (61%) 9 (56%) 0.75
 Dose, mg/day 35 ± 5 24 ± 8 0.24
 Aldosterone antago-

nist 
32 (42%) 4 (25%) 0.20

 Trichlormethiazide 8 (11%) 2 (13%) 0.81
 Digoxin 10 (13%) 1 (6%) 0.43
 Beta-blocker 34 (45%) 4 (25%) 0.14
 ACEi/ARB 41 (54%) 10 (63%) 0.47
 Calcium channel 

blocker
33 (43%) 7 (44%) 0.98

 NTG/ISMN 12 (16%) 4 (25%) 0.38
In-hospital medication
 Furosemide 57 (75%) 11 (69%) 0.75
 4-day total dose, mg 141 ± 228 228 ± 622 0.93
 Aldosterone antago-

nist
64 (82%) 8 (50%) <0.01

 Carperitide 55 (72%) 11 (69%) 0.71
 Dopamine 7 (9%) 2 (13%) 0.68
 Dobutamine 13 (17%) 4 (25%) 0.45
 Norepinephrine 9 (12%) 2 (13%) 0.94
 Milrinone 1 (1%) 0 (0%) –

Fig. 2  Water excretion in 
responders and non-responders 
daily urine volume (a) and fluid 
balance (b) of responders and 
non-responders before and up to 
4 days after tolvaptan adminis-
tration. *p < 0.05, **p < 0.01 
compared to non-responders. #p 
< 0.05 compared to baseline in 
responders
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were not significantly different between the groups (141 
vs. 228 mg, p = 0.93, Table 2). Therefore, treatment with 
loop diuretics did not seem to significantly affect response 
to tolvaptan. However, the prevalence of in-hospital use of 
aldosterone antagonists was significantly higher in respond-
ers (82 vs. 50%, p < 0.01, Table 2).

Sodium concentration

Sodium concentration during the 4 days after tolvaptan 
initiation is shown in Supplemental Figure 6. Responders 
showed significantly higher baseline, minimum, and maxi-
mum sodium concentrations (day 0: 137 vs. 135 mEq/L; 
minimum: 135 vs. 132 mEq/L, p < 0.01; maximum: 144 vs. 

139 mEq/L, p < 0.01). At day 5, the significant difference 
between the groups disappeared. Hypernatremia, defined 
as a sodium concentration ≥ 150 mEq/L, occurred in six 
patients (8%) in responders and none in non-responders. 
However, these patients did not experience any neurologi-
cal disorders related to hypernatremia.

Multivariate analysis

A multivariate logistic regression model used while con-
sidering other covariates including Cr, BUN, sodium, and 
PRA at baseline, and in-hospital administration of aldos-
terone antagonist as significant parameters (determined by 
univariate analysis) is summarized in Table 3. ROC analysis 

Fig. 3  Renal function and neurohumoral factors Serum creatinine 
(a), BUN (b), BUN/creatinine ratio (c), catecholamines [adrenaline 
(d), noradrenaline (e) and dopamine (f)], BNP (g), plasma aldoster-
one concentration (h), and plasma renin activity (i) before and 5 days 
after tolvaptan administration. BNP indicates brain natriuretic pep-

tide; BUN blood urea nitrogen; Cr serum creatinine; Resp. respond-
ers. *p < 0.05 compared to non-responders. #p < 0.05 compared 
to baseline in responders. $p < 0.05 compared to baseline in non-
responders
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showed that the cutoff values for these covariates were 0.79, 
34.0 mg/dL, 139 mEq/L, and 4.7 ng/ml/h, respectively. The 
only variables related to tolvaptan responsiveness were 
BUN and PRA level (odds ratio [OR] 9.01, 95% confi-
dence interval [CI] 1.42–57.3; OR 6.06, 95% CI 1.01–36.4, 
respectively).

In‑hospital prognosis

Responders had significantly shorter stays in the ICU and 
hospital (6.0 [3.5–7.5] vs. 13.0 [6.0–15.0] days, p = 0.022; 
15.0 [11.0–23.0] vs. 25.0 [18.0–41.0] days, p = 0.016, 
respectively, Fig. 4a, b). There was a significant trend toward 
shorter duration of hospital stay in responders, even after 
adjusting for baseline creatinine and sodium concentration 
(cutoff: 16.0 days, OR 7.15, 95% CI 1.23–41.4). However, 
the in-hospital mortality rate was not significantly different 
between the groups (9.2 vs. 6.3%, p = 0.70, Fig. 4c).

Discussion

Summary of the principal findings of the study

First, this study showed that urine response to tolvaptan was 
associated with hospital stay in patients with CHF. Further-
more, urine response on the first day of tolvaptan administra-
tion predicted response. The cutoff values of response in UV 
and FB at day 1 were 1080 and − 208 mL/day, respectively. 
Second, multivariate analysis revealed that BUN and PRA 
at baseline were independent predictors of urine response 
to tolvaptan. BUN and PRA reflect renal perfusion; there-
fore, patients with maintained renal perfusion were likely to 
respond to tolvaptan.

Rationale of response to tolvaptan

There are diverse parameters proposed for determining 
response to tolvaptan; however, to date, a gold standard 
has not been determined. Response largely depends on 
patient age, gender, stage of heart failure, etiologies, and 
medications. Therefore, it may be hard to fit one criterion for 
response to other populations. When response to tolvaptan 

Table 3  Multivariate analysis

BUN indicates blood urea nitrogen, CI confidence intervals, Cr creatinine, OR odds ratio, PRA plasma 
renin activity

Variables Cut-off Univariate Multivariate

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

Serum Cr ≤ 0.79 mg/dL 8.61 1.20–381 0.018
BUN ≤ 34 mg/dL 10.3 2.75–44.6 < 0.001 9.01 1.42–57.3 0.020
Sodium ≥ 139 mEq/L 10.2 1.42–448 0.008
PRA ≤ 4.7 ng/mL/h 10.3 2.25–66.4 < 0.001 6.06 1.01–36.4 0.011
Aldosterone 

antagonist
– 5.21 1.41–19.7 0.006

Fig. 4  In-hospital prognoses duration in ICU (a) and hospital (b) in responders and non-responders. (c) In-hospital mortality. ICU intensive care 
unit; Resp. responders. *p < 0.01 compared to non-responders
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was set as a UV increase > 0 mL/day after tolvaptan use, 
baseline urine osmolality > 358 mOsm/L predicted response 
[8]. However, this cutoff level in urine response discrimi-
nated only two patients (2%) as non-responders in the popu-
lation assessed in the present study. Such differences may be 
largely due to patient selection. Diuretic response also varies 
among hospitals; the clinical backgrounds of patients are 
vastly different between university hospitals and community 
hospitals. However, a large proportion of CHF patients are 
admitted to community hospitals. Therefore, it is necessary 
to understand the response to diuretics in the real clinical 
setting. ATTEND registry that was the largest registry of 
CHF patients in Japan recruited substantial numbers of uni-
versity hospitals [9]. Therefore, even it may have represented 
real world clinical settings, it was not consisted of homog-
enous population, and still enclosed considerable differences 
between hospitals in terms of patient backgrounds.

The median value of peak negative FB was 500 mL/day 
in the entire population; thus, we set this value as a cut-
off point between the responder and non-responder groups. 
This peak appeared at 2 days after tolvaptan initiation. The 
infusion volume varies among patients; therefore, a cutoff 
value of peak negative FB may be a reasonable method for 
determining response.

Predictors of tolvaptan response

Multivariate analysis revealed that PRA and BUN were 
independent predictors of tolvaptan response. The renal 
collecting duct, where tolvaptan acts, is the final part of the 
nephron; therefore, substantial primitive urine should be 
delivered down to the collecting duct for sufficient tolvaptan 
response. All parameters with statistical significance accord-
ing to univariate analysis, including Cr, BUN, sodium con-
centration, and PRA, reflect renal function. However, mul-
tivariate analysis excluded Cr and sodium as predictors of 
tolvaptan response. This suggests that renal hypoperfusion 
affects tolvaptan response, rather than renal parenchymal 
damage.

Non-responders received higher doses of furosemide 
during 4 days after the initiation of tolvaptan, but this dif-
ference was not statistically significant. A different diu-
retic response was already observed between the groups on 
the first day of tolvaptan administration. Poor response to 
tolvaptan resulted in a higher total dose of furosemide for 
4 days and may lead to further worsening of renal function 
in non-responders. High-dose loop diuretics activate neu-
rohumoral factors, including the sympathetic nerve sys-
tem (SNS), RAAS, and vasopressin. High PRA level may 
represent renal hypoperfusion profiles and relate to high 
BUN concentration [10]. Furthermore, renal hypoperfu-
sion can decrease reactivity to diuretics, and poorer diu-
retic response is associated with worse long-term clinical 

prognoses in CHF patients [11, 12]. In this study, base-
line PRA was significantly associated with not only BUN 
or BUN/creatinine ratio but also eGFR, suggesting that 
response to tolvaptan depends on renal blood perfusion in 
addition to renal parenchymal status.

The present study showed that the degree of water 
excretion in patients with acute CHF who were treated 
with tolvaptan did not affect in-hospital prognosis. There-
fore, further investigations involving longer observa-
tion periods are warranted to determine the relationship 
between response to tolvaptan and long-term clinical 
outcomes. In contrast, good response to tolvaptan could 
shorten hospital stays. The median length of hospital stay 
in tolvaptan responders was 15 days in this study, 6 days 
shorter than the median duration in large Japanese heart 
failure registries [9, 13]. Baseline profiles were compa-
rable between responders and non-responders except for 
parameters representative of renal function. There was a 
difference in renal blood perfusion in particular. In this 
study, there were no significant correlations between renal 
function and other profiles that may affect renal blood flow 
such as age, left ventricular systolic function, and systemic 
blood pressure. Diverse factors can lead to the deteriora-
tion of renal function; however, renal hypoperfusion is the 
most typical phenotype of non-responders to tolvaptan. 
This is a possible reason why renal function was the only 
predictor of response to tolvaptan in this study. Consist-
ent with our results, previous reports described that worse 
renal function was a significant predictor of poor response 
to tolvaptan [14].

Response was reflected by UV and FB on the day of 
tolvaptan initiation. This quick prediction is clinically 
important. In Japan, in particular, it has been hard for clin-
ical interventions to make a significant impact during the 
hospitalization period because insufficient back-up facili-
ties are available for the care of CHF patients after hospi-
tal discharge. Therefore, when patients are categorized as 
poor responders to tolvaptan, intensive and multidiscipli-
nary treatment should be considered. A recently published 
report suggested that tolvaptan use at an early stage of 
acute CHF is associated with shorter hospital stays [15]. 
In the present study, the early initiation of tolvaptan ther-
apy was associated with shorter hospitalization duration. 
The time between admission and tolvaptan administration 
might be related to lower doses of furosemide, resulting 
in maintained renal perfusion via the avoidance of arte-
rial underfilling. Additionally, responders received beta-
blockers or aldosterone antagonists more frequently than 
non-responders, without statistical significance. These 
drugs may exert favorable effects on diuretic response to 
tolvaptan by suppressing SNS and RAAS activation in 
CHF patients [16].
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Sodium kinetics

Hyponatremia is a furosemide-resistant factor. In this condi-
tion, residual free water in the interstitial space is prevented 
from being freely drawn back into circulation because blood 
osmolality is kept low by natriuretics. Therefore, the furo-
semide dose tends to be increased in such patients, result-
ing in renal hypoperfusion through arterial underfilling. 
Additionally, the response to loop diuretics depends on the 
time course and the amount of drug reaching the urine and 
the pharmacodynamics of response in the ascending limb 
of loop of Henle. Renal blood flow in CHF patients with 
hyponatremia is often reduced and the response to diuretic 
is progressively attenuated [17].

Patients with hyponatremia are generally thought to 
be good candidates for tolvaptan. Tolvaptan preserves or 
increases serum sodium concentration by sodium channel-
independent diuresis through the vasopressin V2 receptor. 
However, in this study, responders had higher serum sodium 
concentration at baseline. In other words, low sodium con-
centration at baseline was not a predictor of better outcomes 
in terms of UV. One of the possible reasons for this is that 
hyponatremia represents impaired renal function that is 
predominantly found in non-responders. Convoluted tubule 
damage due to chronic kidney disease decreases sodium 
reuptake.

Conversely, we experienced six patients with hyperna-
tremia, defined as a sodium concentration of ≥ 150 mEq/L 
(only in responders). This figure represented 6.5% of the 
entire population. Prior reports have demonstrated that 
hypernatremia occurs in 0–19% of cases. [18–20] Tolvaptan 
was discontinued in patients who developed hypernatremia; 
however, we have never experienced a patient with neuro-
logical deficit related to hypernatremia, and all such patients 
were discharged with comparable durations of hospital stay.

Study limitations

First, this was a retrospective study in a single center and 
included a limited number of patients. Second, we regarded 
peak values of negative daily FB > 500 mL after the start 
of tolvaptan as a marker of tolvaptan response. This cutoff 
value was determined based on the findings in this specific 
study population and may not be applicable to the global 
CHF population. Third, in this study, patient-selection bias 
exists for tolvaptan use; well-treated CHF patients with furo-
semide alone could not be administered tolvaptan. It may 
have affected the results in this study. Fourth, the initial dose 
of tolvaptan was arbitrarily decided by the attending physi-
cian. Thus, 12% of patients were started at 3.75 or 15 mg/day 
of tolvaptan. Additionally, one patient who initially received 
15 mg/day was followed up with an increased dose of up to 
30 mg/day of tolvaptan. The analysis was, therefore, prone 

to titration bias. Fifth, 40% of the study population did not 
receive loop diuretics before hospitalization, suggesting that 
they were ‘de novo’ CHF patients. This heterogeneity may 
affect the response to tolvaptan observed in this study. Sixth, 
the frequent use of carperitide as a vasodilator may also 
affect the response to tolvaptan. Seventh, all laboratory data, 
including neurohumoral factors, were obtained on the day 
of tolvaptan initiation; therefore, differences in admission 
time may have affected the results. Finally, urine osmolality 
was not tested and may have differed between responders 
and non-responders.

Conclusions

Responders to tolvaptan had better renal function and lower 
renin activity at baseline and achieved shorter hospitaliza-
tion periods. Rapid urine response may be a predictor of 
response to tolvaptan.
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