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Effects of tolvaptan on urine output in hospitalized heart failure
patients with hypoalbuminemia or proteinuria
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Abstract Hypoalbuminemia is an independent prognostic
factor in hospitalization for heart failure (HHF). Hypoal-
buminemia or proteinuria is related to resistance to loop
diuretics. Tolvaptan is an oral non-peptide, competitive
antagonist of vasopressin receptor-2. It has been used for
the treatment of volume overload in HHF patients in sev-
eral Asian countries. Several studies have demonstrated
marked improvement in congestion in HHF patients. How-
ever, whether tolvaptan is useful for HHF patients with
hypoalbuminemia or proteinuria (both of which are related
to resistance to loop diuretics) has not been clarified. We
examined the diuretic response to tolvaptan in HHF patients
with hypoalbuminemia or proteinuria. We defined hypoal-
buminemia as a serum level of albumin < 2.6 g/dl. Fifty-
one HHF patients who received additional tolvaptan upon
therapies with loop diuretics were divided into the hypoal-
buminemia group (n = 24) or control group (n = 27). The
changes in urine output per day were not different between
the two groups [610 (range 100-1032); 742 (505-1247) ml,
P = 0.313]. There was no difference in diuretic responses
between patients with and without proteinuria. The serum
level of albumin did not correlate with changes in urine out-
put per day after tolvaptan treatment (P = 0.276, r = 0.156).
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Thus, additional administration of tolvaptan elicited a good
diuretic response in HHF patients with hypoalbuminemia
or proteinuria. These data suggest that tolvaptan might be
beneficial for such HHF patients.
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Introduction

Hypoalbuminemia can be caused by malnutrition, inflam-
mation, hemodilution, nephrotic syndrome, or cachexia.
Hypoalbuminemia is an independent prognostic factor in
hospitalization for heart failure (HHF) [1-3]. Hypoalbu-
minemia is related to the resistance of loop diuretics, e.g.,
urinalysis [4], as a result of decreased delivery of drugs to
the kidneys, although a bolus injection of furosemide with
albumin [4] or continuous infusion of this combination
[5] has been reported to improve diuresis in patients with
hypoalbuminemia. Proteinuria is also one of the mechanisms
of the diuretic resistance [6] and poor outcome of HHF [7,
8]. Thus, it has been well known that hypoalbuminemia or
proteinuria is an important factor of diuretic resistance [9].

Tolvaptan is an oral non-peptide, selective antagonist of
vasopressin receptor-2. Tolvaptan is used for the treatment
of the following: hyponatremia in the United States; syn-
drome of inappropriate secretion of antidiuretic hormone in
the European Union; and volume overload in patients with
heart failure in several Asian countries. Several clinical tri-
als and studies have demonstrated marked improvement of
congestion in HHF patients [10, 11]. According to Star-
ling’s law, a low plasma oncotic pressure due to hypoalbu-
minemia induces a fluid shift from the intravascular space
to the interstitial space, and there is clinical evidence that
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hypoalbuminemia facilitates the onset of cardiogenic pulmo-
nary edema [12]. Tolvaptan produces a free-water diuresis
and could increase osmotic pressure in the acute setting.
Therefore, it is thought that the net effect of tolvaptan could
produce a sustained movement of fluid from the extravas-
cular space to the vascular space [13]. Those observations
suggest that, with appropriate urinalyses, tolvaptan may help
to improve congestion. In liver cirrhosis, tolvaptan has been
reported to improve hepatic edema independent of the serum
level of albumin [14]. However, the efficacy of tolvaptan has
not been examined thoroughly in HHF patients with rela-
tively moderate-to-severe hypoalbuminemia or proteinuria.
The aim of the present study was to examine the diuretic
effect of tolvaptan in such HHF patients.

Materials and methods

The study protocol was approved by the ethics commit-
tee of Nippon Medical School Musashi-Kosugi Hospital
(Kanagawa, Japan). The present study had a retrospective
design and was undertaken to examine the urinary effects
of tolvaptan in HHF patients with and without hypoalbu-
minemia or proteinuria. All patients admitted to the Nip-
pon Medical School Musashi-Kosugi Hospital with HHF
and who received tolvaptan from June 2011 to April 2013
were enrolled. Heart failure was diagnosed by medical teams
using the Framingham criteria [15]. The patients with diu-
retic resistance with natriuretic diuretics were enrolled. The
enrolled patients included HHF due to ischemic causes and
three patients with acute coronary syndrome. However,
administrations with tolvaptan were not performed at acute
phase. Choices of diuretics and dose adjustments were made
based upon the clinical judgment of these medical teams.
Diuretic dose was corrected to be an equivalent dose of furo-
semide [16—18]. Patient characteristics as well as physical
and laboratory data were examined retrospectively using
medical records. The goal of this study was to ascertain if
the changes in 24-h urine output just before and after tolvap-
tan administration in patients with and without hypoalbu-
minemia or proteinuria are different. “Hypoalbuminemia”
was defined as a serum level of albumin < 2.6 g/dl, which
was defined to be a “medium” level in the present study.
The classic definition for hypoalbuminemia is less than
3.0 g/day, but the definitions of the previous studies vary
from < 2.5 to < 3.5 g/dl [14, 19]. Based on these references,
hypoalbuminemia in the present study was simply defined
as a serum level of albumin < 2.6 g/dl, which was defined
to be a “medium” level. The estimated glomerular filtration
rate (¢GFR) was calculated using the Modification of Diet in
Renal Disease equation [20]. Proteinuria was measured by a
point-of-care test tape (Uriflet S; Arkray, Kyoto, Japan). The
corresponding author had full access to all study data, and
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takes responsibility for the integrity of data and the accuracy
of data analyses.

Statistical analyses

Analytical data are the mean + standard deviation (SD) or
median with 25th and 75th percentiles for continuous vari-
ables, whereas categorical variables are presented as num-
bers or percentages. Continuous variables were compared
using Student’s 7 test or the Wilcoxon rank-sum test for two-
group comparisons. Categorical variables were compared
using Fisher’s exact test. P < 0.05 was considered signifi-
cant. To determine predictors of urine output in response
to tolvaptan, multivariate analysis was performed in both
separated variable sets including serum albumin or proteinu-
ria, because these two variables were not independent. Clini-
cal variables included age, sex, eGFR, serum sodium, left
ventricular ejection fraction, and serum albumin or urine
protein. Statistical analyses were done using R v3.1.1 (R
Development Core Team, Vienna, Austria).

Results

Fifty-one patients were included in the present study, of
which 24 patients were defined as having hypoalbuminemia.
Baseline characteristics are shown in Table 1. The enrolled
patients included preserved and reduced left ventricular
ejection fraction (> 50%; n = 27, < 50%; n = 24). No sig-
nificant differences in baseline data were observed except
for levels of albumin and C-reactive protein, proportion of
patients with dyslipidemia, and use of spironolactone. For
patients with hypoalbuminemia, the mean level of albumin
was 2.2 + 0.3 (2.1-2.4) g/dl. For the control group, the mean
level of albumin was 3.0 + 0.3 (2.7-3.2) g/dl. Urine output
before and after tolvaptan administration was increased sig-
nificantly in each group. The effect of tolvaptan on changes
in urine output for patients with and without hypoalbumine-
mia is shown in Fig. 1. The changes in urine output per day
and systolic blood pressure were not different between the
two groups. The serum level of albumin did not correlate
with changes in urine output per day after tolvaptan treat-
ment (P = 0.276, r = 0.156) (Fig. 2).

The changes in urine output per day were not different
before and after tolvaptan administration in normal renal
function [defined as eGFR > 60 ml/min/1.73 m? (Fig. 3a,
+ 701(range — 88 to 1209) ml in hypoalbuminemia vs. +
1128 (693-1405) ml in control, P = 0.353] and impaired
renal function (< 60 ml/min/1.73 m?) [Fig. 3b, + 588 (range
237-929) ml in hypoalbuminemia vs. + 651 (414-1024)
ml in control, P = 0.736)]. Furthermore, in patients with
proteinuria (n = 21), the changes in urine output per day
were not different between the two groups [+ 476 (range
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Table 1 Demographic and

o RS Albumin < 2.6 g/dl (n = 24) Albumin > 2.6 g/dl (n = 27) P value
clinical characteristics
Age, years 77.7 +13.9 76.3 +13.1 0.711
Male 10 (41.7%) 11 (40.7%) 1.000
Comorbidity condition
Hypertension 17 (70.8%) 18 (66.7%) 0.772
Diabetes mellitus 9 (37.5%) 10 (37.0%) 1.000
Dyslipidemia 4 (16.7%) 12 (44.4%) 0.040
Atrial fibrillation 8 (33.3%) 14 (51.9%) 0.259
Etiology
Ischemic 7(29.2%) 8 (29.6%) 1.000
Dilated cardiomyopathy 3(12.5%) 3(11.1%) 1.000
Hypertensive heart 1 (4.2%) 3(11.1%) 0.612
Valvular disease 6 (25.0%) 8 (29.6%) 0.762
Arrhythmia 2 (8.3%) 1(3.7%) 0.595
Others 5 (20.8%) 4 (14.8%) 0.718
LVEF (%) 434 +179 509 + 19.6 0.166
Laboratory values
Hemoglobin (g/dl) 9.8 +2.0 10.5 £ 2.1 0.175
Albumin (g/dl) 22+03 30+03 < 0.001
BUN (mg/dl) 35.1 +249 31.5+17.9 0.556
Creatinine (mg/dl) 1.61 + 1.47 1.33 +£1.39 0.483
eGFR (ml/min/1.73 mm?) 54.4 +38.7 54.8 £32.9 0.967
Sodium (mEqg/1) 133 £ 8.1 1353 +5.5 0.179
Potassium (mEq/1) 42+0.7 4.4+ 0.6 0.469
Chloride (mEq/1) 975+ 8.5 97.1 £5.7 0.830
CRP (mg/dl) 6.96 + 5.39 341 +£3.16 0.005
NT-proBNP (pg/ml), 7403 (2982-9000) 5303 (1417-8875) 0.097
median (25-75 percen-
tiles)
Urine protein (dipstick test)
Negative 12 (23.5%) 18 (58.8%) 0.516
1+ 7 (13.7%) 6 (11.8%)
2+ 4 (7.8%) 3(5.9%)
3t04 + 1(2.0%) 0 (0.0%)
Vital signs
Heart rate, beats/min 84.4 + 184 81.0+14.0 0.451
Systolic BP, mmHg 121+ 174 113.1 +17.4 0.116
Diastolic BP, mmHg 589+ 11.9 58.5+10.0 0.897
Dose of diuretics
Tolvaptan (mg/day) 64 +2.6 53+26 0.128
Furosemide (mg/day) 733 +47.7 74.8 +42.8 0.907
Furosemide iv (mg/day) 47.8 £19.8 40.9 +26.6 0.446
Other diuretics
Furosemide 22 (91.7%) 24 (88.9%) 1.000
Azosemide 0 (0%) 4 (14.8%) 0.113
Torasemide 0 (0%) 5(18.5%) 0.052
Trichlormethiazide 0 (0%) 1(3.7%) 1.000
Spironolactone 7 (29.2%) 16 (59.3%) 0.048

Data are presented as mean + SD or n (%)

LVEF left ventricular ejection fraction, BUN blood urea nitrogen, eGFR estimated glomerular filtration
rate, CRP C-reactive protein, NT-proBNP N-terminal pro-B-type natriuretic peptide, BP blood pressure, iv
intravenous
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Fig. 1 Comparison of changes in urine output per day from baseline
(before tolvaptan administration) between hypoalbuminemia (albumin
level < 2.6 g/dl, left) and control (> 2.6 g/dl, right) is shown. There
were no differences between two groups. Alb albumin
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Fig. 2 Relationship between changes in urine output per day from
baseline and serum albumin (Alb) is shown. There was statistically
no relationship between these parameters, suggesting that tolvaptan
can excrete urine irrespective of serum albumin levels

100-1020) ml with proteinuria vs. + 834 (534-1309) ml
without proteinuria, P = 0.112]. Urine output before and
after tolvaptan administration was increased significantly
in both groups with hypoalbuminemia on the left side of
Fig. 4 (1180 + 611 ml before tolvaptan vs. 2092 + 1650 ml
after tolvaptan, P = 0.003) and without hypoalbuminemia
on the right side of Fig. 4 (1102 + 457 ml before tolvap-
tan vs. 1988 + 585 ml after tolvaptan, P < 0.001). Figure 5
shows the results of changes in urine output before and
after tolvaptan in the patients with and without proteinuria
(Fig. 5, 1086 + 612 ml before tolvaptan vs. 1836 + 1381 ml
after tolvaptan, P = 0.006, 1175 + 474 ml before tolvap-
tan vs. 2178 + 1051 ml after tolvaptan, P < 0.001, respec-
tively). The effect of tolvaptan on changes in urine output
for patients with and without proteinuria is shown in Fig. 6,
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which demonstrated no significant difference in urine output
changes between both groups (P = 0.112), although changes
in urine output in response to tolvaptan in proteinuria tended
numerically to be less compared with those in the patients
without proteinuria. Furthermore, multivariate analysis
showed that serum albumin and urine protein were not sig-
nificantly predictors for urine out in response to tolvaptan,
although eGFR was the only independent predictor in the
model with serum albumin [R* = 0.09, 9.23, 95% confidence
intervals (CI) (0.148-18.311), P = 0.047] and with urine
protein [R* = 0.09,  9.55, 95% CI (= 0.009 to 19.105),
P =0.05].

Discussion

Hypoalbuminemia or proteinuria is a common finding and
a major cause of diuretic resistance (especially for loop
diuretics) in HHF patients. The present study demonstrated
no differences in the urinary effects of the aquaretic diu-
retic tolvaptan regardless of serum levels of albumin or
proteinuria.

Volume overload is an essential target for HHF treatment
[21]. Increased left ventricular filling pressure can lead to
volume overload owing mainly to an increase in hydrostatic
pressure and low oncotic pressure in plasma based on Star-
ling’s law. A low oncotic pressure in plasma associated with
hypoalbuminemia can induce congestion in HHF patients
[12] and resistance to loop diuretics [22]. Owing to these
physiologic conditions in HHF patients, an appropriate
approach should be considered for diuretic management of
HHEF patients with hypoalbuminemia.

Furosemide is used most commonly for the manage-
ment of HF. Furosemide binds strongly to proteins (mainly
to albumin) and is secreted into the lumen of the proximal
tubule by organic acid transporters. Hypoalbuminemia
means that fewer albumin molecules can bind to furosemide
and that a smaller amount of furosemide is delivered to the
proximal tubule, which induces diuretic resistance. There-
fore, a high dose of furosemide is needed to control volume
overload in HHF patients. This high dose causes the patho-
physiologic condition of HF to deteriorate via neurohumoral
activation and increases the risk of death [18]. Combination
therapy with furosemide and albumin might be possible for
patients with hypoalbuminemia, but evidence to clarify the
clinical significance of such combination therapy is lacking
[4, 23], even in patients with liver cirrhosis [24].

Tolvaptan can improve volume overload, symptoms, and
signs, and does not impair renal function in HHF patients
[10, 11]. A phase-III, multicenter, randomized, double-blind,
placebo-controlled trial demonstrated that tolvaptan reduced
body weight significantly in patients with hepatic edema and
low serum level of albumin (< 2.5 g/dl), suggesting that
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Fig. 6 Comparison of changes in urine output per day from baseline
(before tolvaptan administration) between with and without proteinu-
ria is shown. There were no differences between two groups

tolvaptan could improve hepatic edema independent of the
serum level of albumin [14]. Several studies have demon-
strated that tolvaptan can increase urine output in patients
with heart failure and hypoalbuminemia [25] and in pat-
ents with liver cirrhosis and hypoalbuminemia [26]. The
present study also showed the importance of tolvaptan in
HHEF patients with moderate-to-severe hypoalbuminemia. In
addition, we demonstrated that tolvaptan is effective in HHF
patients with proteinuria, though a recent study revealed
albuminuria to be a factor of renal resistance to loop diuret-
ics [27]. Taken together, tolvaptan could be useful for the
management of hypoalbuminemia or proteinuria.

The mechanism by which tolvaptan is efficacious against
hypoalbuminemia is not known. A pharmacokinetic study
in vitro revealed tolvaptan to bind strongly to plasma pro-
teins in humans [28], so (i) there may be some differences
in protein-binding status in vivo and in vitro; (ii) protein-
free tolvaptan might bind strongly to vasopressin receptor-2
and increase urine output. Further investigations are needed
to answer this question fully. It has not been investigated
whether or not tolvaptan is effective in the patients with
proteinuria. This study was the first study to investigate it.
Several case reports have demonstrated diuretic efficacy of
tolvaptan in nephrotic syndrome [29, 30]. In the patients
with autosomal dominant polycystic kidney disease, tolvap-
tan improved renal function [31]. In this trial, the subjects
included the patients with proteinuria at about one-fourth.
These data might suggest the beneficial efficacy of tolvap-
tan in the patients with proteinuria. Two mechanisms of
this efficacy could be considered. First, natriuretic effects
of tolvaptan have been demonstrated via the decreases in
sodium reabsorption against the effect of vasopressin with
the activation of epithelial Na-channels in the distal nephron
[32, 33]. Second, tolvaptan restored reportedly podocyte
injury in nephrotic rats [34], which had intraglomerular
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hypertension by podocyte injury via activation of vasopres-
sin. Thus, tolvaptan might induce effective diuresis and also
protect renal injury.

The present study had limitations. First, the present study
conducted at the single center with a small cohort and indi-
cation of tolvaptan by the limited physicians; therefore, the
selection of the patients might have some bias; however,
we enrolled consecutive cases and managed by the medical
teams consisting of different physicians to reduce selection
bias as much as possible. Second, this was a retrospective
study, but there were no exclusion criteria and we included
HHF patients regardless of left ventricular ejection fraction
with relatively more severe hypoalbuminemia compared
with previous studies. Furthermore, the present study exam-
ined in the patients with proteinuria. Third, the present study
demonstrated that no relationship between serum albumin
levels and changes in urine output after tolvaptan administra-
tion without the control group, because it has been well rec-
ognized that the diuretic response to furosemide is impaired
in the patient with hypoalbuminemia or proteinuria [9]. This
limitation should be clarified by a future prospective study.
Fourth, urinary protein was estimated using a point-of-care
test in the present study. Although the gold standard for
measurement of protein excretion is a 24 h-urine collection,
several studies have already demonstrated that proteinuria
of 1 + or greater by a point-of-care test is reliable to detect
significant proteinuria in spot urine samples with a high sen-
sitivity and specificity [35]. Furthermore, a point-of-care
test is easily used in clinical setting. Therefore, a point-of-
care test for the detection of proteinuria in the present study
was chosen in terms of availability for clinical setting. Fifth,
multivariate analysis showed that both serum albumin and
urine protein were not statistically independent predictors for
urine output in response to tolvaptan, although eGFR was
the independent predictor. However, the R* was low in both
analysis; therefore, the results of the present study should
be confirmed by further studies. Sixth, in the present study,
serum sodium levels were measured by indirect potentiom-
etry, which is influenced by levels of protein and albumin.
Therefore, the data and the results of analysis could be influ-
enced in the present study. On the other hand, serum sodium
levels are also influenced by vasopressin levels. Therefore,
the diuretic response to tolvaptan could be influenced by
serum sodium levels. However, the previous studies have
demonstrated that there was no correlation between diuretic
responses to tolvaptan and serum sodium levels in HF [32]
as well as liver cirrhosis [36]. In the present study, there was
no correlation between serum sodium levels and changes
in urine output in response to tolvaptan (not shown in the
results). From these considerations, it could be difficult to
correct serum sodium levels using serum albumin levels in
HHEF patients. Seventh, the results should be confirmed by
controlled studies in the patients with hypoalbuminemia



Heart Vessels (2018) 33:413—420

419

and/or proteinuria treated by furosemide with and without
additional tolvaptan. Finally, tolvaptan was administrated
in cases of diuretic resistance with furosemide in the pre-
sent study. If the timing of administration of tolvaptan was
changed to an earlier period, a different response to tolvaptan
might have been seen. However, we think that the results
from the present study would be representative of real-world
clinical settings. This belief can be confirmed by large-scale
randomized studies compared between the patients, who
have hypoalbuminemia and/or proteinuria, treated by furo-
semide with and without tolvaptan.

In conclusion, the present study showed the efficacy of
tolvaptan in terms of urine output in HHF patients with
hypoalbuminemia and proteinuria. Combination of tolvaptan
with furosemide could be a useful therapeutic strategy for
HHEF patients with hypoalbuminemia or proteinuria.

Compliance with ethical standards

Conflict of interest KT has received honoraria from Otsuka, Su-
mitomo Dainippon, and Bayer. NS has been a consultant for Otsuka,
Terumo, Novartis, Toa-Eiyo, Tanabe-Mitsubishi, and BMS and has re-
ceived honoraria from Otsuka, Ono, Daiichi-Sankyo, Teijin, Boehring-
er Ingelheim, and Bayer. SI has received honoraria from Otsuka, Toa-
Eiyo, Tanabe-Mitsubishi, Sumitomo Dainippon, Daiichi-Sankyo,
Teijin, Biotronik, St. Jude Medical, Medtronic and Boston Pharmaceu-
ticals. KN has received honoraria from Actelion and Nippon Shinyaku.
MI has received honoraria from Ono. WS has received honoraria from
Otsuka. None of these entities provided financial support for this study.
The other authors report no conflict of interest.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

References

1. Bonilla-Palomas JL, Gamez-Lopez AL, Moreno-Conde M,
Lopez-Ibanez MC, Anguita-Sanchez M, Gallego de la Sacristana
A, Garcia-Catalan F, Villar-Raez A (2014) Hypoalbuminemia in
acute heart failure patients: causes and its impact on hospital and
long-term mortality. J Card Fail 20:350-358

2. LiuM, Chan CP, Yan BP, Zhang Q, Lam Y'Y, Li RJ, Sanderson JE,
Coats AJ, Sun JP, Yip GW, Yu CM (2012) Albumin levels predict
survival in patients with heart failure and preserved ejection frac-
tion. Eur J Heart Fail 14:39-44

3. Uthamalingam S, Kandala J, Daley M, Patvardhan E, Capodi-
lupo R, Moore SA, Januzzi JL Jr (2010) Serum albumin and
mortality in acutely decompensated heart failure. Am Heart J
160:1149-1155

4. Inoue M, Okajima K, Itoh K, Ando Y, Watanabe N, Yasaka T,
Nagase S, Morino Y (1987) Mechanism of furosemide resistance
in analbuminemic rats and hypoalbuminemic patients. Kidney Int
32:198-203

5. Bleske BE, Clark MM, Wu AH, Dorsch MP (2013) The effect
of continuous infusion loop diuretics in patients with acute

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

decompensated heart failure with hypoalbuminemia. J Cardiovasc
Pharmacol Ther 18:334-337

Hoorn EJ, Ellison DH (2017) Diuretic resistance. Am J Kidney
Dis 69:136-142

Masson S, Latini R, Milani V, Moretti L, Rossi MG, Carbonieri
E, Frisinghelli A, Minneci C, Valisi M, Maggioni AP, Marchi-
oli R, Tognoni G, Tavazzi L, GISSI-HF Investigators (2010)
Prevalence and prognostic value of elevated urinary albumin
excretion in patients with chronic heart failure: data from the
GISSI-Heart Failure trial. Circ Heart Fail 3:65-72

Brisco MA, Zile MR, Ter Maaten JM, Hanberg JS, Wilson
FP, Parikh C, Testani JM (2016) The risk of death associated
with proteinuria in heart failure is restricted to patients with an
elevated blood urea nitrogen to creatinine ratio. Int J Cardiol
215:521-526

ter Maaten JM, Valente MA, Damman K, Hillege HL, Navis G,
Voors AA (2015) Diuretic response in acute heart failure-patho-
physiology, evaluation, and therapy. Nat Rev Cardiol 12:184-192
Gheorghiade M, Konstam MA, Burnett JC Jr, Grinfeld L, Mag-
gioni AP, Swedberg K, Udelson JE, Zannad F, Cook T, Ouyang J,
Zimmer C, Orlandi C (2007) Efficacy of vasopressin antagonism
in Heart Failure Outcome Study With Tolvaptan I. Short-term
clinical effects of tolvaptan, an oral vasopressin antagonist, in
patients hospitalized for heart failure: the EVEREST Clinical
Status Trials. JAMA 297:1332-1343

Kinugawa K, Sato N, Inomata T, Shimakawa T, Iwatake N, Mizu-
guchi K (2014) Efficacy and safety of tolvaptan in heart failure
patients with volume overload. Circ J 78:844—-852

Arques S, Ambrosi P, Gelisse R, Luccioni R, Habib G (2003)
Hypoalbuminemia in elderly patients with acute diastolic heart
failure. ] Am Coll Cardiol 42:712-716

Goldsmith SR, Bart BA, Burnett J (2014) Decongestive therapy
and renal function in acute heart failure: time for a new approach?
Circ Heart Fail 7:531-535

Sakaida I, Kawazoe S, Kajimura K, Saito T, Okuse C, Takaguchi
K, Okada M, Okita K, Group A-DS (2014) Tolvaptan for improve-
ment of hepatic edema: A phase 3, multicenter, randomized, dou-
ble-blind, placebo-controlled trial. Hepatol Res 44:73-82
McKee PA, Castelli WP, McNamara PM, Kannel WB (1971) The
natural history of congestive heart failure: the Framingham study.
N Engl J Med 285:1441-1446

Kruck F, Bablok W, Besenfelder E, Betzien G, Kaufmann B
(1978) Clinical and pharmacological investigations of the new
saluretic azosemid. Eur J Clin Pharmacol 14:153-156
Broekhuysen J, Deger F, Douchamps J, Ducarne H, Herchuelz A
(1986) Torasemide, a new potent diuretic. Double-blind compari-
son with furosemide. Eur J Clin Pharmacol 31(Suppl):29-34
Dodion L, Ambroes Y, Lameire N (1986) A comparison of the
pharmacokinetics and diuretic effects of two loop diuretics, tora-
semide and furosemide, in normal volunteers. Eur J Clin Pharma-
col 31(Suppl):21-27

Truong A, Hanna MH, Moghadamyeghaneh Z, Stamos MJ (2016)
Implications of preoperative hypoalbuminemia in colorectal sur-
gery. World J Gastrointest Surg 8:353-362

Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, Yama-
gata K, Tomino Y, Yokoyama H, Hishida A (2009) Revised equa-
tions for estimated GFR from serum creatinine in Japan. Am J
Kidney Dis 53:982-992

Gheorghiade M, Filippatos G, De Luca L, Burnett J (2006) Con-
gestion in acute heart failure syndromes: an essential target of
evaluation and treatment. Am J Med 119:S3-S10

ter Maaten JM, Valente MA, Metra M, Bruno N, O’Connor CM,
Ponikowski P, Teerlink JR, Cotter G, Davison B, Cleland JG,
Givertz MM, Bloomfield DM, Dittrich HC, van Veldhuisen DJ,
Hillege HL, Damman K, Voors AA (2016) A combined clinical

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

420

Heart Vessels (2018) 33:413-420

23.

24.

25.

26.

27.

28.

29.

30.

and biomarker approach to predict diuretic response in acute heart
failure. Clin Res Cardiol 105:145-153

Duffy M, Jain S, Harrell N, Kothari N, Reddi AS (2015) Albu-
min and furosemide combination for management of edema in
nephrotic syndrome: a review of clinical studies. Cells 4:622-630
Chalasani N, Gorski JC, Horlander JC Sr, Craven R, Hoen H,
Maya J, Brater DC (2001) Effects of albumin/furosemide mixtures
on responses to furosemide in hypoalbuminemic patients. ] Am
Soc Nephrol 12:1010-1016

Okabe T, Yakushiji T, Igawa W, Ono M, Kido T, Ebara S,
Yamashita K, Yamamoto MH, Saito S, Hoshimoto K, Amemiya
K, Isomura N, Araki H, Ochiai M (2015) The efficacy of tolvaptan
in congestive heart failure patients with and without hypoalbu-
minemia: a pilot study. Cardiovasc Ther 33:275-281

Sakaida I, Nakajima K, Okita K, Hori M, Izumi T, Sakurai M,
Shibasaki Y, Tachikawa S, Tsubouchi H, Oka H, Kobayashi H
(2015) Can serum albumin level affect the pharmacological action
of tolvaptan in patients with liver cirrhosis? A post hoc analysis
of previous clinical trials in Japan. J Gastroenterol 50:1047-1053
Zhuang Y, Jia Z, Hu C, Ding G, Zhang X, Zhang Y, Yang G,
Rohatgi R, Huang S, He JC, Zhang A (2016) Albuminuria confers
renal resistance to loop diuretics via the stimulation of NLRP3
inflammasome/prostaglandin signaling in thick ascending limb.
Oncotarget. doi:10.18632/oncotarget.10257

Furukawa M, Umehara K, Kashiyama E (2011) Nonclinical phar-
macokinetics of a new nonpeptide V2 receptor antagonist, tolvap-
tan. Cardiovasc Drugs Ther 25(Suppl 1):S83-S89

Park ES, Huh YS, Kim GH (2015) Is tolvaptan indicated for
refractory oedema in nephrotic syndrome? Nephrology (Carlton)
20:103-106

Shimizu M, Ishikawa S, Yachi Y, Muraoka M, Tasaki Y, Iwa-
saki H, Kuroda M, Ohta K, Yachie A (2014) Tolvaptan therapy

@ Springer

31.

32.

33.

34.

35.

36.

for massive edema in a patient with nephrotic syndrome. Pediatr
Nephrol 29:915-917

Torres VE, Chapman AB, Devuyst O, Gansevoort RT, Grantham
1], Higashihara E, Perrone RD, Krasa HB, Ouyang J, Czerwiec
FS, TEMPO 3:4 Trial Investigators (2012) Tolvaptan in patients
with autosomal dominant polycystic kidney disease. N Engl J Med
367:2407-2418

Imamura T, Kinugawa K, Minatsuki S, Muraoka H, Kato N, Inaba
T, Maki H, Hatano M, Yao A, Komuro I (2014) Urine sodium
excretion after tolvaptan administration is dependent upon base-
line serum sodium levels: a possible explanation for the improve-
ment of hyponatremia with scarce chance of hypernatremia by a
vasopressin receptor antagonist. Int Heart J 55:131-137
Blanchard A, Frank M, Wuerzner G, Peyrard S, Bankir L, Jeune-
maitre X, Azizi M (2011) Antinatriuretic effect of vasopressin in
humans is amiloride sensitive, thus ENaC dependent. Clin J Am
Soc Nephrol 6:753-759

Okada T, Sakaguchi T, Hatamura I, Saji F, Negi S, Otani H, Mura-
gaki Y, Kawachi H, Shigematsu T (2009) Tolvaptan, a selective
oral vasopressin V2 receptor antagonist, ameliorates podocyte
injury in puromycin aminonucleoside nephrotic rats. Clin Exp
Nephrol 13:438-446

Lim WH, Choi EK, Han KD, Rhee TM, Lee HJ, Lee SR, Kang
SH, Cha MJ, Oh S (2017) Proteinuria detected by urine dipstick
test as a risk factor for atrial fibrillation: a nationwide population-
based study. Sci Rep 7:6324

Ohki T, Sato K, Yamada T, Yamagami M, Ito D, Kawanishi K,
Kojima K, Seki M, Toda N, Tagawa K (2015) Efficacy of tolvap-
tan in patients with refractory ascites in a clinical setting. World
J Hepatol 7:1685-1693


https://doi.org/10.18632/oncotarget.10257

	Effects of tolvaptan on urine output in hospitalized heart failure patients with hypoalbuminemia or proteinuria
	Abstract 
	Introduction
	Materials and methods
	Statistical analyses

	Results
	Discussion
	References




