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Abstract

Purpose Tolvaptan exerts an aquaretic effect by blocking vasopressin V2 receptor. Although tolvaptan ameliorates body
fluid retention even in patients with chronic kidney disease (CKD), predictors of body fluid reduction induced by tolvaptan
remain unclear. We, therefore, examined the clinical parameters associated with the effect of tolvaptan on fluid volume in
CKD patients.

Methods Twelve CKD patients (stage 3—5) with fluid retention were treated with tolvaptan in addition to conventional
diuretic treatment. Patients were divided into low and high responders by the median change in total body water (TBW) for
1 week measured by a bioimpedance analysis (BIA) device, and clinical parameters were compared between the groups.
Results The body weight significantly decreased by 2.0+ 2.3 kg (p =0.005), but the estimated glomerular filtration rate
(eGFR) was not significantly changed (16.9+11.9 vs. 17.4+12.4 mL/min/1.73 m?, p=0.139) after 1 week. The BIA
showed that the intracellular water (ICW) decreased by 6.0% +4.7% (p <0.001), the extracellular water (ECW) decreased
by 6.7% +5.4% (p=0.001), and the TBW decreased by 6.3% +4.9% (median value —6.02%, p <0.001). The serum albu-
min level in the high responders was significantly lower than in the low responders (2.3 +0.5 vs. 3.3+0.8 g/dL, p=0.013).
Significant partial correlations adjusted for the eGFR were observed between the baseline serum albumin level and changes
in the ICW (r=0.440, p=0.048), ECW (r=0.593, p=0.009) and TBW (r=0.520, p =0.020).

Conclusions Serum albumin levels predict the body fluid response to tolvaptan in CKD patients. Tolvaptan may be a promis-
ing therapeutic option for ameliorating body fluid retention, especially in patients with hypoalbuminemia.
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Introduction used to treat fluid retention. However, these agents have

some major drawbacks, such as a worsening the renal func-

Body fluid retention is frequent among chronic kidney dis-
ease (CKD) patients and an independent risk factor for end-
stage renal disease, cardiovascular disease and mortality [1,
2]. Traditionally, loop diuretics like furosemide have been
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tion, inducing resistance to diuretic action in hypoalbumine-
mia and a dose-dependent increase in mortality [3, 4].

Tolvaptan selectively binds to the vasopressin V2 recep-
tor that is located in the renal collecting duct, and it inhibits
fluid reabsorption as an antagonist [5]. Tolvaptan has been
used to treat hyponatremia [6] and fluid retention due to con-
gestive heart failure, CKD and liver cirrhosis [3, 7, 8]. We
recently reported that tolvaptan equally decreases the extra-
cellular water (ECW) and intracellular water (ICW) without
exacerbating the renal function in CKD patients; whereas,
loop diuretic furosemide predominantly lowers the ECW [7,
9, 10], which may result in excessive plasma volume reduc-
tion and a subsequent worsened renal function.
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Several predictors of the diuretic response to tolvaptan,
such as the pretreatment urine volume and urinary osmolal-
ity, have been recently proposed in CKD patients [11]. How-
ever, predictors of the fluid response to tolvaptan, not just
the diuretic response, remain unclear. Furthermore, effective
serum predictors of tolvaptan also have not yet been evalu-
ated. We, therefore, examined the association between the
serum parameters and the changes in body fluid volume in
CKD patients with fluid retention.

Materials and methods
Patients

This study prospectively enrolled 12 CKD patients treated
at Jichi Medical University (n =8, Shimotsuke, Tochigi,
Japan) and Nasu Minami Hospital (n =4, Nasukarasuyama,
Tochigi, Japan) between December 2013 and December
2018. Hospitalized patients with high extracellular water
(ECW)/total body water (TBW) values (see below details),
generalized edema and/or pleural effusion were included.
The exclusion criteria were a history of prior renal replace-
ment, current dialysis or active malignancy. Tolvaptan (3.75
or 7.5 mg/day, average 6.9 + 3.3 mg/day) was administrated
in addition to the baseline medication.

This study was conducted in accordance with the ethical
principles of the Declaration of Helsinki. The study protocol
and amendments were approved by the independent ethics
committees of Jichi Medical University (approval number:
A17-014) and Nasu Minami Hospital (approval number:
2016-03). All patients provided their written informed con-
sent to participate in this study. The study was registered
in the University Hospital Medical Information Network
Clinical Trial Registry (UMIN-CTR) Clinical Trial (UMIN
registration number: 000029863).

Blood and urine sample collection

Blood samples and body weight data were collected before
dosing on days 0 and 7 after the administration of tolvaptan.
The estimated glomerular filtration rate (¢GFR) was calcu-
lated using the Modification of Diet in Renal Disease study
equation coefficients modified for Japanese patients [12].
The stages of CKD were based on the NKF K/DOQI clinical
practice guidelines [13].

Measurement of the fluid volume using
a bioimpedance analysis

The body fluid volume was measured using a bioimpedance

analysis (BIA) device with eight tactile electrodes (InBody
S10; InBody Japan Inc., Tokyo, Japan) before dosing on day
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0 and 1 week after tolvaptan administration (3 h or later),
similar to our previous studies [7, 9, 10, 14]. Intracellular
water (ICW), ECW, TBW (ICW+ECW), and ECW/TBW
were calculated from the sum of each segment, using the
equations in the BIA software program. High ECW/TBW
values were defined as those over 0.39, based on the user
manual provided by the manufacturer [15].

Statistical analyses

The data were expressed as the mean =+ standard deviation.
Patients were divided into low and high responders based
on the median change in the TBW for 1 week. Unpaired
t-tests were used to compare two variables. The correlations
among clinical parameters were analyzed using Pearson’s
correlation and partial correlation. p values of <0.05 were
considered to indicate statistical significance. The statistical
analyses were performed using the JMP Pro 14.0 software
program (SAS Institute, Inc., Cary, NC, USA).

Results

The baseline characteristics of the 12 enrolled CKD
patients were as follows: age 72.4 +11.3 years; male gen-
der 8 (66.7%); body mass index 27.3 +4.4 kg/mz; eGFR
16.9 + 11.9 mL/min/1.73 m?; serum albumin 2.8 +0.8 g/dL;
serum Na 139+ 5 mEq/L; serum C1 105 + 8 mEq/L; serum
K 4.0+0.7 mEq/L; ICW 23.1+6.0 L; ECW 16.8+4.5L;
TBW 39.8 +10.2 L and ECW/TBW 0.42040.017. Primary
diseases included diabetic nephropathy (n =5), liver cirrho-
sis (n=3), glomerulonephropathy (n=2), nephrosclerosis
(n=1) and amyloidosis (n=1). All patients used some form
of diuretic (loop diuretic n=12, thiazide n=1, mineralo-
corticoid receptor blocker n=4). The body weight signifi-
cantly decreased by 2.0 +2.3 kg from baseline (70.9+15.9
vs. 68.8 +15.2 kg, p=0.005), but the eGFR (16.9+11.9 vs.
17.4+12.4 mL/min/1.73 m?, p=0.139), serum Na (139+6
vs. 140 +3 mEq/L, p=0.358), serum albumin (2.8 +0.8
vs. 2.8+0.9 g/dL, p=0.142) and systolic blood pressure
(130 +19 vs. 128 + 16 mmHg, p=0.346) were not sig-
nificantly changed after 1 week. The addition of tolvaptan
numerically decreased the urine osmolality (277 +48 vs.
253+ 65 mOsm/kg, p=0.236). The BIA showed that the
ICW decreased by 6.0% +4.7% (23.1+£6.0 vs. 21.6 £ 1.6 L,
p<0.001), the ECW decreased by 6.7% +5.4% (16.8 £4.5
vs. 15.6+3.9 L, p=0.001), and the TBW decreased by
6.3%+4.9% (39.8+3.0 vs. 37.2+9.4 L, p<0.001). The
ECW/TBW was not significantly changed after the admin-
istration of tolvaptan (—0.3% +1.0%; 0.420+0.017 vs.
0.418+0.017, p=0.223).

The baseline characteristics are compared between low
and high responders in Table 1. The low responders were
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Table1 A comparison of the baseline characteristics between low
and high responders

Characteristics Low responders High responders p value
Number 6 6
Age (years) 72.1+21.8 72.0+13.1 0.453
Male gender (%) 83.3 50.0 0.213
Body weight (kg) 72.1+21.8 69.7+8.6 0.401
Body mass index (kg/ 26.9+3.8 27.7+5.3 0.384
m2)
Diabetes mellitus (%) 333 66.7 0.244
Systolic BP (mmHg) 136+20 126+ 19 0.219
eGFR (mL/ 124+5.2 21.5+154 0.101
min/1.73 m?)
CKD stage II/IV/V (n)  0/1/5 1/2/3
Serum albumin (g/dL)  3.3+0.8 23+£0.5 0.013
Serum Na (mEq/L) 141+6 138+5 0.198
Serum Cl (mEq/L) 107+9 103 +8 0.187
Serum K (mEq/L) 4.0+0.9 4.0+0.6 0.485
ICW (L) 23.6+6.5 22.5+6.0 0.383
ECW (L) 16.8+4.0 16.8+4.5 0.481
TBW (L) 40.4+10.3 39.2+11.1 0.420
ECW/TBW 0.418+0.023  0.422+0.011 0.326
Concomitant diuretics (%)
Loop diuretics 100 100 1.00
MR antagonist 33.3 333 1.00
Thiazide diuretics 0 16.7 0.224

The low responders were those whose change in the TBW for 1 week
was greater than or equal to the median value (—6.02%), while high
responders were those whose values were less than the median
value [please check this carefully]. Variables are presented as the
mean + standard deviation

BP blood pressure, eGFR estimated glomerular filtration rate, CKD
chronic kidney disease, /ICW intracellular water, ECW extracellular
water, TBW total body water, MR mineralocorticoid receptor

those whose change in the TBW for 1 week was greater than
or equal to the median value (—6.02%), while high respond-
ers were those whose values were less than the median
value. The serum albumin level in the high responders was
significantly lower than in the low responders (Table 1,
Fig. 1). Other parameters, including the age, body mass
index, systolic blood pressure, eGFR and body fluid status
(ICW, ECW, TBW and ECW/TBW), were similar between
the groups (Table 1).

Next, we examined the correlation between the serum
albumin level and the change in body fluid status (ICW,
ECW and TBW). The baseline serum albumin level was
positively and significantly correlated with the changes in
the ICW (r=0.580, p=0.048), ECW (r=0.715, p=0.009)
and TBW (r=0.657, p=0.020) (Fig. 2). Significant par-
tial correlations adjusted by the eGFR were also observed
between the baseline serum albumin level and the changes in
the ICW (r=0.440, p=0.048), ECW (r=0.593, p=0.009)

— *

Serum albumin (g/dL)

Low responders High responders

Fig.1 Serum albumin levels in the high responders (n=6) were
significantly lower than those (n=6) in the low responders. The
low responders were those whose change in the TBW for 1 week
was greater than or equal to the median value (—6.02%), while high
responders were those whose values were less than the median value.
*p <0.05 vs. Low responders

and TBW (r=0.520, p =0.020). The baseline serum albumin
level was negatively correlated with the baseline ECW/TBW
(r=-0.521, p=0.083) and the baseline TBW/body weight
(r=-0.496, p=0.101).

Discussion

The novelty of this study is that serum albumin levels predict
the fluid response to tolvaptan in CKD patients with fluid
retention. To our knowledge, this is the first study in which
a diuretic drug had a great reduction effect on the body fluid
volume in a state of hypoalbuminemia.

Recent studies, including our own, have shown that
tolvaptan exerts a diuretic effect even in patients with low
serum albumin levels [8, 10, 16, 17]. Furthermore, it has
been reported that the serum albumin levels were similar
between responders (body weight loss exceeding 1.5-2.0 kg/
week) and non-responders to tolvaptan among liver cirrhosis
patients [18, 19]. However, these studies failed to demon-
strate the superior fluid reduction effect of hypoalbumine-
mia in response to tolvaptan. One possible reason for these
results may be the narrow range of serum albumin levels
in those previously enrolled patients (25th—75th percentile
ranges: 2.4-2.9 g/dL) [19], as the serum albumin levels in
our study had a relatively wide range (1.5-4.5 g/dL), which
helped to reveal the clear impact of different albumin val-
ues on the body fluid volume. Interestingly and surprisingly,
Okabe et al. reported that a low serum albumin level was
associated with an increased urine volume after tolvaptan
administration in hospitalized heart failure patients [20].
Although that study focused on the urine volume but not
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Fig.2 The serum albumin level was positively and significantly correlated with the changes in the ICW (a), ECW (b) and TBW (c). ICW: intra-

cellular water, ECW: extracellular water, TBW: total body water

body fluid volume, the results are essentially similar to our
own.

Potential mechanisms regarding why a low serum albu-
min level had a great reduction effect of tolvaptan on the
fluid volume include the following: (1) tolvaptan acts with-
out binding to albumin, (2) hypoalbuminemia may lead to
a larger increase in the intravascular colloid osmotic pres-
sure by tolvaptan, (3) a high interstitial fluid hydrostatic
pressure in hypoalbuminemia may accelerate the fluid shift
into the intravascular space and (4) the change in vascular
endothelial permeability associated with hypoalbuminemia
may accelerate the fluid shift into the intravascular space.
First, unlike loop diuretic furosemide, hypoalbuminemia
does not cause diuretic resistance during tolvaptan treat-
ment, as tolvaptan exerts diuretic action without binding to
albumin [3]. Thus, tolvaptan can still exert its activity even
under conditions of hypoalbuminemia, and the water diu-
retic action induced by daily tolvaptan intake may provide a
sustained driving force to increase the serum albumin level.
Second, a lower serum albumin level, which is linked to a
low colloid osmotic pressure and, thus, a low intravascular
fluid level [21], is more concentrated after plasma volume
reduction by tolvaptan; whereas, a higher serum albumin
level is less concentrated in the same setting. For example,
if tolvaptan reduces 0.3 L of plasma volume (from 2.5 L to
2.2 L) in a patient with low albumin (2.0 g/dL), the concen-
tration rate of serum albumin is 13.5% (total serum albumin
50 g/post plasma volume 22 dL = post serum albumin level
2.27 g/dL). On the other hand, if tolvaptan reduces 0.3L of
plasma volume (from 3 L to 2.7 L) in a patient with normal
albumin (4.0 g/dL), the concentration rate of serum albumin
is 11.0% (total serum albumin 120 g/post plasma volume
27 dL =post serum albumin level 4.44 g/dL), which is less
than in a patient with low albumin. Therefore, for a similar
diuretic effect of tolvaptan, a lower baseline serum albumin
level will induce a higher increase rate of colloid osmotic
pressure than a higher baseline serum albumin, which in
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turn becomes a more substantial driving force for shifting
fluid from the extravascular to the intravascular space [21].
Third, an increase in interstitial fluid hydrostatic pressure in
patients with hypoalbuminemia may accelerate the fluid shift
into the intravascular space. In our study, the baseline serum
albumin level was negatively correlated with the baseline
ECW/TBW, a marker of the extracellular fluid status [22].
The result indicates that patients with a low serum albu-
min level exhibit extracellular fluid retention, which may
induce an increase in interstitial fluid hydrostatic pressure.
The magnitude of the increase in interstitial fluid hydro-
static pressure exceeding the increase in capillary pressure
causes a negative transcapillary pressure gradient, which in
turn induces a fluid shift from the extravascular to the intra-
vascular compartment [23]. Forth, the vascular endothelial
hyperpermeability associated with hypoalbuminemia may
accelerate the fluid shift into the vascular space. Vascular
endothelial permeability, which is mainly controlled by the
sugar—protein glycocalyx [24], has been reported to increase
in chronic conditions such as diabetes [25]. Further exami-
nation is needed to determine whether or not glycocalyx
contributes to the dominant fluid reduction effect associ-
ated with hypoalbuminemia. The unique pharmacological
property of tolvaptan, which can still work as a diuretic in
cases of hypoalbuminemia, and the sustained driving force
of the fluid shift from the extravascular to the intravascu-
lar space may be promising mechanisms explaining why
patients with a low serum albumin level showed a greater
decrease in body fluid volume than those with a high serum
albumin level.

Serum albumin as a predictor for the fluid response to
tolvaptan may be very useful in the clinical setting. Sev-
eral predictors of the response to tolvaptan, such as urinary
osmolality (before and after the administration of tolvap-
tan), urinary Na excretion, urine Na/K ratio, and urine
aquaporin-2 have recently been advocated [26-29]. Some
of these predictors cannot be measured at all institutes, and it
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sometimes takes time to get results. In contrast, the measure-
ment of serum albumin is easier and less time-consuming in
most cases. With the pre-treatment measurement of serum
albumin, several diseases characterized by hypoalbumine-
mia and body fluid retention, such as diabetic nephropathy,
nephrotic syndrome and liver cirrhosis, may become suit-
able targets for tolvaptan. Furthermore, importantly, loop
diuretics such as furosemide may not exert sufficient diuretic
action in hypoalbuminemia [3] and carry an increased risk
for renal dysfunction. In this regard, tolvaptan, which exhib-
its diuretic properties even under conditions of hypoalbu-
minemia and carries a low risk of renal dysfunction [3, 30],
is a promising therapeutic option for patients with hypoal-
buminemia and extracellular fluid retention.

The similar rates of reduction in ICW and ECW are a
unique characteristic of tolvaptan, which differs from the
loop diuretic furosemide [9]. Notably, a decrease in intracel-
lular volume is thought to occur due to an increase in extra-
cellular tonicity. Thus, the serum sodium concentration, one
of the main determinants of tonicity, is expected to increase
after the initiation of tolvaptan treatment. Unfortunately, in
our study, the serum sodium concentrations at baseline and
1 week after the initiation of tolvaptan treatment were simi-
lar. On the other hand, a study of CKD patients showed that
tolvaptan increased the serum sodium concentration within
12 h [31], which might facilitate the shifting of fluid from
the intracellular space to the extracellular space over the
short term.

Older studies have shown that vasopressin resistance
appears in CKD and diabetes, at least in part, due to the
selective downregulation of the V2 receptor [32, 33]. Inter-
estingly, however, tolvaptan (a vasopressin V2 receptor
antagonist) exerts diuretic action, even in CKD patients.
Because tolvaptan blocks the vasopressin V2 receptor from
the basolateral side of the tubules, its diuretic action does not
depend on the glomerular filtration rate [3]. Indeed, previ-
ous studies showed that tolvaptan decreases urine osmolality
with an increased urine volume in CKD patients [11, 34,
35]. Similarly, in our study, tolvaptan numerically decreased
urine osmolality after 1 week of treatment. The beneficial
effect of tolvaptan in the treatment of hyponatremia has also
been reported [3, 6]. In conditions associated with hyperv-
olemic hyponatremia with a low effective intravascular vol-
ume, such as congestive heart failure and hepatic cirrhosis,
water excretion by the kidneys is impaired, partially due to
the high serum vasopressin levels released in circulation
due to volume stimuli [36]. In these conditions with CKD,
tolvaptan may sufficiently improve hyponatremia by inhibit-
ing high serum vasopressin with no resistance to its water
diuretic action.

The present study includes several limitations. First, this
study had a small sample size; so larger size studies are nec-
essary to confirm our findings. Second, the impact of the

serum albumin levels on the efficacy of tolvaptan in non-CKD
patients remains unclear, as all patients enrolled in this study
had CKD. Third, BIA measurements obtained in overhydrated
individuals, such as dialysis patients, lack both accuracy and
precision in the determination of TBW and the volume of its
two major compartments [26, 27]. Our study population con-
sisted of non-dialyzed CKD patients and we mainly focused
on the relative changes in fluid volume and not absolute fluid
volume; however, careful interpretation of our findings is
necessary. Fourth, the effects of tolvaptan alone without con-
comitant diuretics are unclear, as all patients were taking other
diuretics at baseline due to the regulation of their use in Japan.

Conclusions

This study shows that the serum albumin levels predict a fluid
response to tolvaptan in CKD patients. Tolvaptan may be a
promising therapeutic option for ameliorating body fluid reten-
tion, especially in patients with hypoalbuminemia.

Acknowledgements We thank Kazuya Kikuchi (Nasu Minami Hospi-
tal) for his technical support and Takashi Fujita (Jichi Medical Univer-
sity) for his critical advice.

Author contributions TMa conceived and designed the study. TMa,
KOh, IN, TMu, SN, KOk, MA, YI and YF performed the data col-
lection. TMa and KOh conducted the data analysis. TMa drafted the
manuscript. TMa, IN, and RM interpreted results of the analysis. YM,
AM, TA, OS and DN approved the final version of manuscript.

Funding This study was supported in part by Jichi Medical Univer-
sity Young Investigator Award and a Grant-in-Aid for Research on
Advanced Chronic Kidney Disease, Practical Research Project for
Renal Diseases from the Japan Agency for Medical Research and
Development (AMED).

Compliance with ethical standards

Conflict of interest The authors declare that they have no competing
interests.

Ethics approval The study was approved by the Ethics Committees
of Jichi Medical University (Shimotsuke, Japan) and Nasu Minami

Hospital (Nasukarasuyama, Japan).

Informed consent Informed consent was obtained from all individual
participants included in the study.

Data availability The datasets used and/or analyzed during the cur-
rent study are available from the corresponding author on reasonable
request.

References

1. Tsai YC, Tsai JC, Chen SC, Chiu YW, Hwang SJ, Hung CC,
Chen TH, Kuo MC, Chen HC (2014) Association of fluid

@ Springer



1628

International Urology and Nephrology (2019) 51:1623-1629

10.

11.

12.

13.

overload with kidney disease progression in advanced CKD: a
prospective cohort study. Am J Kidney Dis 63:68-75

Tsai YC, Chiu YW, Tsai JC, Kuo HT, Hung CC, Hwang SJ,
Chen TH, Kuo MC, Chen HC (2015) Association of fluid over-
load with cardiovascular morbidity and all-cause mortality in
stages 4 and 5 CKD. Clin J] Am Soc Nephrol 10:39-46

Mori T, Ohsaki Y, Oba-Yabana I, Ito S (2017) Diuretic usage
for protection against end-organ damage in liver cirrhosis and
heart failure. Hepatol Res 47:11-22

Hasselblad V, Gattis Stough W, Shah MR, Lokhnygina Y,
O’Connor CM, Califf RM, Adams KF Jr (2007) Relation
between dose of loop diuretics and outcomes in a heart fail-
ure population: results of the ESCAPE trial. Eur J Heart Fail
9:1064-1069

Yamamura Y, Nakamura S, Itoh S, Hirano T, Onogawa T,
Yamashita T, Yamada Y, Tsujimae K, Aoyama M, Kotosai K,
Ogawa H, Yamashita H, Kondo K, Tominaga M, Tsujimoto G,
Mori T (1998) OPC-41061, a highly potent human vasopressin
V2-receptor antagonist: pharmacological profile and aquaretic
effect by single and multiple oral dosing in rats. J Pharmacol Exp
Ther 287:860-867

Vaghasiya RP, DeVita MV, Michelis MF (2012) Serum and urine
responses to the aquaretic agent tolvaptan in hospitalized hypona-
tremic patients. Int Urol Nephrol 44:865-871

Masuda T, Murakami T, Igarashi Y, Okabe K, Kobayashi T,
Takeda SI, Saito T, Sekiguchi C, Miyazawa Y, Akimoto T, Saito
O, Muto S, Nagata D (2016) Dual impact of tolvaptan on intra-
cellular and extracellular water in chronic kidney disease patients
with fluid retention. Intern Med 55:2759-2764

Takada T, Masaki T, Hoshiyama A, Toki T, Kamata Y, Shichiri M
(2018) Tolvaptan alleviates excessive fluid retention of nephrotic
diabetic renal failure unresponsive to furosemide. Nephrology
(Carlton) 23:883-886

Ohara K, Masuda T, Murakami T, Imai T, Yoshizawa H, Naka-
gawa S, Okada M, Miki A, Myoga A, Sugase T, Sekiguchi C,
Miyazawa Y, Maeshima A, Akimoto T, Saito O, Muto S, Nagata
D (2018) Effects of the sodium-glucose cotransporter 2 inhibi-
tor dapagliflozin on fluid distribution: A comparison study with
furosemide and tolvaptan. Nephrology (Carlton). https://doi.
org/10.1111/nep.13552

Nagayama I, Masuda T, Nakagawa S, Murakami T, Ohara K, Mat-
suoka R, Kobayashi T, Maeshima A, Akimoto T, Saito O, Muto
S, Nagata D (2019) Different effects on fluid distribution between
tolvaptan and furosemide in a liver cirrhosis patient with chronic
kidney disease. Intern Med. https://doi.org/10.2169/internalme
dicine.2174-18

Katsumata M, Hirawa N, Sumida K, Kagimoto M, Ehara Y,
Okuyama Y, Fujita M, Fujiwara A, Kobayashi M, Kobayashi Y,
Yamamoto Y, Saka S, Yatsu K, Fujikawa T, Toya Y, Yasuda G,
Tamura K, Umemura S (2017) Effects of tolvaptan in patients with
chronic kidney disease and chronic heart failure. Clin Exp Nephrol
21:858-865

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

Levey AS, Eckardt KU, Tsukamoto Y, Levin A, Coresh J, Ros-
sert J, De Zeeuw D, Hostetter TH, Lameire N, Eknoyan G (2005)
Definition and classification of chronic kidney disease: a posi-
tion statement from kidney disease: improving Global Outcomes
(KDIGO). Kidney Int 67:2089-2100

Masuda T, Ohara K, Murakami T, Imai T, Nakagawa S, Okada M,
Miki A, Myoga A, Onishi A, Sekiguchi C, Miyazawa Y, Akimoto
T, Saito O, Muto S, Nagata D (2017) Sodium-glucose cotrans-
porter 2 inhibition with dapagliflozin ameliorates extracellular

@ Springer

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

volume expansion in diabetic kidney disease patients. POJ Dia-
betes Obes 1:1-8

. InBody Co., Ltd. InBody S10 USER’S MANUAL 2012. Available

from http://inbody.in/wp-content/plugins/download-attachments/
includes/download.php?id=6551. Accessed 17 Aug 2018
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
Shimizu M, Ishikawa S, Yachi Y, Muraoka M, Tasaki Y, Iwa-
saki H, Kuroda M, Ohta K, Yachie A (2014) Tolvaptan therapy
for massive edema in a patient with nephrotic syndrome. Pediatr
Nephrol 29:915-917

Iwamoto T, Maeda M, Hisanaga T, Saeki I, Fujisawa K, Matsu-
moto T, Hidaka I, Ishikawa T, Takami T, Sakaida I (2016) Predic-
tors of the effect of tolvaptan on the prognosis of cirrhosis. Intern
Med 55:2911-2916

Hayashi M, Abe K, Fujita M, Okai K, Takahashi A, Ohira H
(2018) Association between the serum sodium levels and the
response to tolvaptan in liver cirrhosis patients with ascites and
hyponatremia. Intern Med 57:2451-2458

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

Michelis R, Sela S, Zeitun T, Geron R, Kristal B (2016) Unex-
pected normal colloid osmotic pressure in clinical states with low
serum albumin. PLoS One 11:¢0159839

McCafferty K, Fan S, Davenport A (2014) Extracellular volume
expansion, measured by multifrequency bioimpedance, does
not help preserve residual renal function in peritoneal dialysis
patients. Kidney Int 85:151-157

Miki K, Hajduczok G, Hong SK, Krasney JA (1987) Extracellular
fluid and plasma volumes during water immersion in nephrecto-
mized dogs. Am J Physiol 252:R972-978

Levick JR, Michel CC (2010) Microvascular fluid exchange and
the revised Starling principle. Cardiovasc Res 87:198-210
Okada H, Takemura G, Suzuki K, Oda K, Takada C, Hotta Y,
Miyazaki N, Tsujimoto A, Muraki I, Ando Y, Zaikokuji R, Mat-
sumoto A, Kitagaki H, Tamaoki Y, Usui T, Doi T, Yoshida T,
Yoshida S, Ushikoshi H, Toyoda I, Ogura S (2017) Three-dimen-
sional ultrastructure of capillary endothelial glycocalyx under nor-
mal and experimental endotoxemic conditions. Crit Care 21:261
Imamura T, Kinugawa K, Shiga T, Kato N, Muraoka H, Minatsuki
S, Inaba T, Maki H, Hatano M, Yao A, Kyo S, Nagai R (2013)
Novel criteria of urine osmolality effectively predict response
to tolvaptan in decompensated heart failure patients—associa-
tion between non-responders and chronic kidney disease. Circ J
77:397-404

Uojima H, Kinbara T, Hidaka H, Sung JH, Ichida M, Tokoro S,
Masuda S, Takizawa S, Sasaki A, Koizumi K, Egashira H, Kako
M (2017) Close correlation between urinary sodium excretion
and response to tolvaptan in liver cirrhosis patients with ascites.
Hepatol Res 47:E14-E21

Komiyama Y, Kurosaki M, Nakanishi H, Takahashi Y, Itakura J,
Yasui Y, Tamaki N, Takada H, Higuchi M, Gotou T, Kubota Y,
Takaura K, Hayashi T, Oh W, Okada M, Enomoto N, Izumi N
(2017) Prediction of diuretic response to tolvaptan by a simple,
readily available spot urine Na/K ratio. PLoS One 12:e0174649
Imamura T, Kinugawa K, Fujino T, Inaba T, Maki H, Hatano
M, Yao A, Komuro I (2014) Increased urine aquaporin-2 rela-
tive to plasma arginine vasopressin is a novel marker of response
to tolvaptan in patients with decompensated heart failure. Circ J
78:2240-2249


https://doi.org/10.1111/nep.13552
https://doi.org/10.1111/nep.13552
https://doi.org/10.2169/internalmedicine.2174-18
https://doi.org/10.2169/internalmedicine.2174-18
http://inbody.in/wp-content/plugins/download-attachments/includes/download.php?id=6551
http://inbody.in/wp-content/plugins/download-attachments/includes/download.php?id=6551

International Urology and Nephrology (2019) 51:1623-1629

1629

30.

31.

32.

33.

34.

Kinugawa K, Sato N, Inomata T (2018) Effects of tolvaptan
on volume overload in patients with heart failure. Int Heart J
59:1368-1377

Shoaf SE, Bricmont P, Mallikaarjun S (2014) Pharmacokinetics
and pharmacodynamics of oral tolvaptan in patients with varying
degrees of renal function. Kidney Int 85:953-961

Teitelbaum I, McGuinness S (1995) Vasopressin resistance in
chronic renal failure. Evidence for the role of decreased V2 recep-
tor mRNA. J Clin Invest 96:378-385

McKenna K, Morris AD, Ryan M, Newton RW, Frier BM, Baylis
PH, Saito T, Ishikawa S, Thompson CJ (2000) Renal resistance
to vasopressin in poorly controlled type 1 diabetes mellitus. Am
J Physiol Endocrinol Metab 279:E155-160

Tominaga N, Kida K, Inomata T, Sato N, Izumi T, Akashi YJ,
Shibagaki Y (2018) Comparison of the effects of tolvaptan and
furosemide on renal water and sodium excretion in patients with

35.

36.

heart failure and advanced chronic kidney disease: a subanalysis
of the K-STAR study. Clin Exp Nephrol 22:1395-1403

Otsuka T, Sakai Y, Ohno D, Murasawa T, Sato N, Tsuruoka S
(2013) The effects of tolvaptan on patients with severe chronic
kidney disease complicated by congestive heart failure. Clin Exp
Nephrol 17:834-838

Tzamaloukas AH, Shapiro JI, Raj DS, Murata GH, Glew RH,
Malhotra D (2014) Management of severe hyponatremia: infusion
of hypertonic saline and desmopressin or infusion of vasopressin
inhibitors? Am J Med Sci 348:432-439

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Impact of serum albumin levels on the body fluid response to tolvaptan in chronic kidney disease patients
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patients
	Blood and urine sample collection
	Measurement of the fluid volume using a bioimpedance analysis
	Statistical analyses

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References




