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Abstract
Background Tolvaptan (TLV) is known to increase electrolyte-free water clearance. However, TLV actions on renal elec-
trolytes including urine sodium (uNa) excretion and its consequences are less well understood. This subanalysis investigated 
the effect of add-on TLV compared to increased furosemide (FUR) on both electrolyte-free water and electrolyte clearance 
in patients with congestive heart failure (CHF) complicated by advanced chronic kidney disease (CKD).
Methods The Kanagawa Aquaresis Investigators Trial of TLV on HF Patients with Renal Impairment (K-STAR) was a 
multicenter, open-labeled, randomized, and controlled prospective clinical study. Eighty-one Japanese patients with CHF 
and residual signs of congestion despite oral FUR treatment (≥ 40 mg/day) were recruited and randomly assigned to a 7-day 
add-on treatment with either ≤ 40 mg/day FUR or ≤ 15 mg/day TLV. Electrolyte-free water clearance, electrolyte osmolar 
clearance and electrolyte excretion were compared between the two groups before and after therapy.
Results The change (Δ) in electrolyte-free water clearance was significantly higher in the add-on TLV group than in the add-
on FUR group. However, Δelectrolyte osmolar clearance was also higher in the add-on TLV group than in the increased FUR 
group. This was primarily because ΔuNa excretion was significantly higher in the add-on TLV group than in the increased 
FUR group, since Δurine potassium excretion was significantly lower in the add-on TLV group than in the increased FUR 
group.
Conclusions Add-on TLV may increase both renal water and Na excretion in CHF patients with advanced CKD to a greater 
degree than increased FUR.

Keywords CKD · CHF · Vasopressin V2 receptor antagonist · Renal water excretion · Renal solute excretion

Introduction

Loop diuretics, such as furosemide (FUR), have long been 
used to treat fluid overload in patients with congestive heart 
failure (CHF). However, they have numerous adverse effects, 
including low blood pressure (BP), electrolyte disorders 
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(e.g., hyponatremia), worsening renal function (WRF), and 
worsening nitrogen metabolism [1–3]. Vasopressin (AVP) 
V2 receptor (V2R) antagonists, such as tolvaptan (TLV), 
can be administered adjunctively with loop diuretics. TLV 
binds to AVP receptors in the collecting duct, thereby block-
ing water reabsorption and promoting electrolyte-free water 
excretion (aquaresis) [4]. It has been reported that add-on 
TLV did not affect urine solute excretion in a rat [4] and 
a CHF dog model [5]; however, its effects have not been 
fully investigated in patients with CHF and advanced chronic 
kidney disease (CKD). Therefore, the urine solute profiles 
of TLV as add-on therapy to FUR in patients with CHF 
and advanced CKD were determined in a subanalysis of the 
K-STAR study.

Methods

The Kanagawa Aquaresis Investigators Trial of TLV 
on Heart Failure (HF) Patients with Renal Impairment 
(K-STAR) was a multicenter, open-labeled, randomized, 
and controlled prospective clinical study that evaluated the 
efficacy and safety of add-on TLV therapy for HF. The main 
analysis [6] analyzed data from 81 Japanese patients with 
CHF complicated by advanced CKD [estimated glomeru-
lar filtration rate (eGFR) < 45 mL/min/1.73 m2]. Dialysis 
patients were not included. These patients had residual 
signs of congestion (e.g., pedal edema, pulmonary conges-
tion, or distention of the jugular vein) despite oral FUR 
treatment (≥ 40 mg/day). Each was randomly assigned to 7 
days of treatment with either ≤ 15 mg/day of add-on TLV or 
≤ 40 mg/day of increased FUR.

Patients

Patients were excluded if they met any of the following cri-
teria: use of assisted circulation devices; hypersensitivity 
to TLV or a similar drug; anuria; lack of thirst; inability to 
ingest water or oral medication; increase in serum sodium 
concentration  (s[Na+]) by ≥ 12 mEq/L/24 h, or above the 
upper limits provided by the guidelines of medical institute; 
pregnancy or suspicion of pregnancy; use of TLV at inclu-
sion; acute coronary syndrome and/or an elective percutane-
ous coronary intervention therapy during the study period; 
malignancy; or otherwise deemed unfit to participate in the 
study by a physician. Written informed consent was obtained 
from all patients before enrollment in the study. During the 
study, the administration of human atrial natriuretic pep-
tides, phosphodiesterase III inhibitors, catecholamines, col-
forsin, and changing doses of all diuretics except FUR or 
TLV were prohibited. Other therapeutics were not restricted. 
Fifty patients completed the K-STAR study. However, there 

were data missing for 16 patients, resulting in 17 patients in 
each group in this subanalysis.

Procedures

The study design of K-STAR is shown in Fig. 1. A screen-
ing test was performed first for each participant in the study. 
Before the administration of either increased FUR or add-on 
TLV, all participants received a constant dose of FUR dur-
ing a three-day run-in period (days − 2–0). Subsequently, 
all participants received either ≤ 15 mg/day add-on TLV 
or ≤ 40 mg/day increased FUR orally for the next 7 days 
(days 1–7). The patients were hospitalized for at least 4 
days before treatment and 2 days after treatment (days 8 
and 9). Water intake was not limited for the patients who 
were assigned for the add-on TLV group during the study 
because fluid restriction during the therapy with TLV may 
increase the likelihood of overly rapid correction of  s[Na+] 
and should generally be avoided.

The study was discontinued for any of the following rea-
sons: (1) early termination, owing to complete or partial 
improvement of HF; (2) the stop criteria, (a) the patient no 
longer participated or withdrew consent, (b) adverse events 
that prevent continued treatment, (c)  s[Na+] was either 
higher than 12 mEq/L within 24 h or above the upper limits 
permitted by medical institute after administration, or (d) 
recommendation by a physician; (3) the event criteria, (a) the 
need to use higher than regulated doses, (b) the need to add 
other drugs for HF, or (c) the need to use non-pharmacolog-
ical therapies (e.g., positive pressure respiration therapeutic 
device).

Assessments

For this subanalysis, the patients were assessed for serum 
and urine chemistry. BP, heart rate, daily urine volume (UV), 
and water intake were also measured (days 1–9). Measure-
ments taken before first dosing of treatment on day 1 were 
used as baseline values. Measurements of serum and urine 
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Fig. 1  Study design
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chemistry, BP and heart rate taken before the first dosing on 
day 1, and that of daily UV and water intake taken between 
day 0 and the first dosing on day 1 were used as baseline 
values.

Serum levels of sodium  (s[Na+]), potassium  (s[K+]), 
chloride  (s[Cl−]), urea nitrogen (sUN), and creatinine (sCr) 
were measured on day 1, 3, and 8. In addition, on day 1 
and 8, urine sodium (uNa), urine potassium (uK), urine urea 
nitrogen (uUN), urine creatinine (uCr), urinary osmolal-
ity (uOsm), and serum osmolality (sOsm) were measured. 
The eGFR was calculated using a slightly modified equa-
tion for the Japanese population with renal disease: eGFR 
(mL/min/1.73 m2) = 194 ×  sCr− 1.094 ×  age− 0.287 (if female, 
multiply by 0.739) [7]. The electrolyte osmolar clearance 
(E-COsm) was calculated using the following equation: 
E-COsm (mL/min) = (uNa + uK) × UV/s[Na+]. The electro-
lyte-free water clearance (E-CH2O) was calculated using the 
following equation: E-CH2O (mL/min) = UV–E-COsm [8]. 
Pre-treatment values (day 1) were used as baseline values.

Statistical analyses

Changes in the serum chemistry values and the urine sample 
data obtained from the baseline values for patients in the 
same group were tested for statistical significance using the 
Wilcoxon signed rank test, whereas statistically significant 
changes between the two groups were determined using the 

Mann–Whitney test. For discrete variables, statistical signifi-
cance between the two groups was determined using Fisher’s 
exact test. Statistical analyses were performed using Stata 
version 14 (StataCorp). Statistical significance was defined 
as P < 0.05.

Results

Between October 2012 and August 2014, 81 adult patients 
(49–93 years old) with CHF and advanced CKD with an 
eGFR less than 45 mL/min/1.73 m2) were recruited for the 
study and randomly assigned into two groups, namely, the 
increased FUR group (FUR group, n = 41) and the add-on 
TLV group (TLV group, n = 40). During the study period, 
31 patients dropped out. In the FUR group, patients dropped 
out for the following reasons: symptom improvement (n = 4), 
WRF (n = 3), hypernatremia (n = 2), higher dose require-
ment (n = 2), and addition of other drug(s) for HF treatment 
(n = 1). Similarly, in the TLV group, patients dropped out 
for the following reasons: symptom improvement (n = 10), 
WRF (n = 1), hypernatremia (n = 3), impaired conscious-
ness (n = 1), withdrawn consent (n = 2), and the need for 
higher doses (n = 2). The remaining 50 patients (29 in the 
FUR group and 21 in the TLV group) completed the study 
(Fig. 2). However, there were data missing for 16 patients 
(12 in the FUR group and 4 in the TLV group) for this 
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subanalysis. The baseline characteristics of the remaining 
34 patients (17 in the FUR group and 17 in the TLV group) 
in this subanalysis are summarized in Table 1.

FUR doses at baseline were not significantly different 
between the two groups. At the end of day 7, the mean 
increased FUR dose was 31.8 ± 2.5 mg/day in the FUR 
group and the mean add-on TLV dose was 9.3 ± 0.8 mg/day 
in the TLV group. Therefore, the mean total FUR dose was 
87.1 ± 7.4 mg/day in the FUR group and 50.0 ± 5.6 mg/day 
in the TLV group (P < 0.001, Table 2).

The change (Δ) in UV (between day 0 and 1 (before treat-
ment), and between day 7 and day 8) was significantly higher 
in the TLV group than the FUR group [mean (SE): 450.6 
(171.7) mL/day vs. − 121.3 (90.4) mL/min (P = 0.002)] 
(Fig. 3); however, Δwater intake (between day 0 and day 1 
(before treatment), and between day 7 and 8) was not sig-
nificantly different between the TLV group and the FUR 
group [mean (SE): 120.6 (103.7) mL/day vs. 110.6 (45.5) 
mL/day (P = 0.637)] (Fig. 3). ΔuOsm (from day 1 to 8) 
was greater in the TLV group than the FUR group [mean 
(SE): − 72.5 (15.8) mOsm/kg vs. -33.6 (14.6) mOsm/kg 
(P = 0.095)] (Fig. 4). ΔE-CH2O (from day 1 to 8) was sig-
nificantly higher in the TLV group than the FUR group 
[mean (SE): 0.25 (0.07) mL/min vs. − 0.01 (0.04) mL/
min (P = 0.001)] (Fig. 5). In addition, ΔE-COsm (from day 
1 to 8) was higher in the TLV group than the FUR group 
[mean (SE): 0.06 (0.06) mL/min vs. − 0.08 (0.07) mL/min 
(P = 0.185)] (Fig. 5). Similarly, ΔuNa excretion (from day 
1 to 8) was significantly higher in the TLV group than in 
the FUR group [mean (SE): 13.8 (10.9) mEq/day vs. − 16.2 
(12.0) mEq/day, P = 0.040] and ΔuK excretion (from day 1 
to 8) was significantly lower in the TLV group than in the 
FUR group [mean (SE): − 6.7 (2.4) mEq/day vs. 0.8 (1.2) 
mEq/day, P = 0.014] (Fig. 6). However, ΔuUN excretion 
was not significantly different between the TLV group and 
the FUR group [mean (SE): 58.8 (73.1) mg/day vs. − 86.0 
(34.5) mg/day, P = 0.134].

The mean plasma renin activity (PRA) [mean (SE): 4.9 
(1.3) ng/mL/h vs. 6.2 (1.4) ng/mL/h, P = 0.033] on day 8 
was significantly higher than that on day 1 only in the FUR 
group.

Discussion

AVP-mediated activation of V2R in the collecting ducts 
stimulates the cAMP-dependent trafficking of aquaporin 2 
(AQP2) water channels to the luminal membranes of the 
principal cells. It allows the diffusion of water along a sol-
ute concentration gradient. In contrast to loop diuretics, 
TLV promotes excretion of electrolyte-free water. It inhib-
its the trafficking of AQP2 to the luminal membranes of 
principal cells by blocking the action of AVP on V2R in 

the renal collecting duct, which leads to inhibition of water 
reabsorption [4]. Therefore, TLV seems to have no effect 
on urine solute excretion. As expected, in this study, not 
only ΔE-CH2O but also ΔUV were significantly greater in 
the add-on TLV group than in the increased FUR group, 
despite an insignificant difference in Δwater intake between 
the groups; however, ΔE-COsm was also greater in the add-
on TLV group than in the increased FUR group (Figs. 3, 5). 
This was primarily because ΔuNa excretion was significantly 
higher in the add-on TLV group than in the increased FUR 
group (13.8 ± 10.9 vs. −16.2 ± 12.0 mEq/day, P = 0.040), 
since ΔuK excretion was significantly lower in the add-on 
TLV group than in the increased FUR group (− 6.7 ± 2.4 
vs. 0.8 ± 1.2 mEq/day, P = 0.014) (Fig. 6). Ecelbarger et al. 
reported that AVP upregulated epithelial Na channels 
(ENaC) in the rat kidney [9]. In addition, a study by Bankir 
et al. [10] indicated the potent V2-dependent antinatriuretic 
effect of AVP in humans. Whether desmopressin (dDAVP), 
an AVP agonist, reduced uNa excretion was evaluated in 
healthy individuals and patients with central diabetes insipi-
dus (CDI) or nephrogenic diabetes insipidus (NDI) owing to 
mutations of either the aquaporin 2 (AQP2) gene or V2R. 
dDAVP was found to reduce uNa excretion in healthy indi-
viduals and CDI and AQP2-mutated NDI patients, but not in 
V2R-mutated NDI patients [10]. Stockand also reported that 
AVP modulated discretionary Na reabsorption across prin-
cipal cells mediated by ENaC via V2R [11]. There are some 
other possible reasons for the rise in uNa excretion induced 
by TLV. First is an influence of endogenous AVP mediated 
by V1a receptor (V1aR) [12]. By blocking V2R-mediated 
effects, TLV induces a secondary increase in endogenous 
AVP secretion, and thus likely more intense effects on V1aR. 
It has been well demonstrated that V1aR mediate a natriu-
retic response [13, 14]. This influence is even more marked 
in patients with chronic renal failure [15]. Second, Mori 
et al. speculated from the results of Cowley [16] that TLV 
stimulated natriuresis owing to increased renal blood flow 
(RBF) [17]. They also suggested that TLV improved FUR 
delivery due to increased RBF, which reduced FUR resist-
ance. Moreover, congestion in the kidney has recently been 
focused on in the aspect of diuretic resistance. In 2016, Mori 
et al. reported that long-term TLV use decreased intracel-
lular fluid and extracellular fluid in patients who underwent 
peritoneal dialysis with bioimpedance monitoring [18]. The 
authors also reported that TLV can improve left ventricular 
diastolic dysfunction. This was demonstrated by the ratio 
of transmitral Doppler early filling velocity to tissue Dop-
pler early diastolic mitral annular velocity (E/e′) of cardiac 
ultrasound, especially in patients with E/e′ greater than 15. 
Mori et al. have shown a suggestive speculation regarding 
renal congestion [19]. Renal interstitial fluid flows from 
the medulla to the cortex [20], and water reabsorbed in the 
collecting ducts also flows from the medulla to the cortex. 
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Table 1  Baseline characteristics

BP blood pressure, BMI body mass index, Alb albumin, UN urea nitrogen, Cr creatinine, eGFR estimated 
glomerular filtration rate, BNP brain natriuretic peptide, PRA plasma renin activity, E-CH2O electrolyte-free 
water clearance, E-COsm electrolyte osmolar clearance, ACEi angiotensin-converting enzyme inhibitor, ARB 
angiotensin II receptor blocker, CXR chest X-ray, CTR  cardiothoracic ratio
All values are presented as mean ± SE
Statistical significance was defined as P < 0.05

Variables Total (n = 34) FUR group (n = 17) TLV group (n = 17) P value

Demographics
 Age (years) 75.2 ± 1.4 71.2 ± 2.2 79.1 ± 1.3 0.002
 Gender (% male) 64.7 70.6 58.8 0.473

Measurements
 Systolic BP (mmHg) 117.6 ± 3.6 120.1 ± 6.0 115.2 ± 4.3 0.667
 Diastolic BP (mmHg) 61.2 ± 2.0 62.4 ± 3.2 60.1 ± 2.4 0.680
 Pulse rate (bpm) 69.4 ± 2.7 68.9 ± 3.6 69.8 ± 4.1 0.943
 Weight (kg) 61.1 ± 2.3 64.1 ± 3.2 58.2 ± 3.2 0.221
 BMI (kg/m2) 23.8 ± 0.8 24.0 ± 1.0 23.7 ± 1.2 0.986
 Urine volume (mL/day) 1286.4 ± 78.0 1361.5 ± 126.9 1211.4 ± 91.0 0.379
 Water intake (mL/day) 732.9 ± 68.6 598.8 ± 77.8 875.3 ± 106.1 0.035

Laboratory
 Serum Alb (g/dL) 3.3 ± 0.1 3.2 ± 0.2 3.5 ± 0.1 0.269
 Serum UN (mg/dL) 36.6 ± 2.6 33.2 ± 4.3 40.1 ± 2.7 0.071
 Serum Cr (mg/dL) 1.9 ± 0.1 1.9 ± 0.2 1.8 ± 0.2 0.570
 eGFR (mL/min/1.73 m2) 29.6 ± 1.7 29.1 ± 2.3 30.0 ± 2.7 0.918
 Serum Na (mEq/L) 138.0 ± 0.9 139.1 ± 1.3 136.9 ± 1.2 0.116
 Serum K (mEq/L) 4.2 ± 0.1 4.2 ± 0.1 4.2 ± 0.2 0.876
 Serum osmolality (mOsm/kg  H2O) 292.1 ± 2.0 291.5 ± 3.4 292.7 ± 2.4 0.904
 BNP (pg/mL) 570.5 ± 73.2 686.0 ± 95.3 445.1 ± 106.6 0.076
 PRA (ng/mL/h 7.7 ± 2.0 4.9 ± 1.3 10.6 ± 3.8 0.208
 Urine UN (mg/day) 487.0 ± 36.5 436.1 ± 46.3 537.9 ± 55.1 0.163
 Urine Na (mEq/day) 87.7 ± 7.0 102.8 ± 11.1 72.6 ± 7.1 0.024
 Urine K (mEq/day) 22.7 ± 1.9 19.8 ± 1.9 25.6 ± 3.2 0.185
 Urine osmolality (mOsm/kg  H2O) 349.9 ± 15.5 339.2 ± 19.4 360.5 ± 24.5 0.744
 E-CH2O (mL/min) 0.57 ± 0.04 0.31 ± 0.06 0.33 ± 0.06 0.667
 E-COsm (mL/min) 0.32 ± 0.04 0.63 ± 0.06 0.51 ± 0.04 0.052

Medical history (%)
 Hypertension 70.6 64.7 76.5 0.452
 Diabetes mellitus 79.4 82.4 76.5 0.671
 Dyslipidemia 55.9 58.8 52.9 0.730

Medications
 ACEI or ARB (%) 70.6 64.7 76.5 0.452
 Beta-blocker (%) 61.8 70.6 52.9 0.290
 Aldosterone blocker (%) 47.1 35.3 58.8 0.169
 Digoxin (%) 11.8 23.5 0 0.033
 Ca antagonist (%) 35.3 29.4 41.2 0.473
 Thiazide (%) 5.9 5.9 5.9 1.000
 Furosemide (mg/day) 52.6 ± 4.6 55.3 ± 7.4 50.0 ± 5.6 0.363

CXR image
 CTR (%) 60.9 ± 1.4 59.8 ± 1.7 61.9 ± 2.3 0.654
 Lung congestion (% patients) 73.5 82.4 64.7 0.244
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If renal venous pressure increases due to a congestive dis-
order, such as heart failure, renal interstitial pressure also 
increases [19]. This may result in Na retention via a reduc-
tion of renal medullary blood flow. TLV can improve renal 
congestion by blocking water reabsorption, and may increase 
renal Na excretion. Third, Shoaf et al. showed that TLV did 
not increase PRA; however, FUR increased PRA in healthy 

white men [21]. In this subanalysis, PRA was significantly 
increased only in the increased FUR group, although ΔBP 
over the study period (data not shown) and the percentage of 
patients who received renin–angiotensin–aldosterone system 

Table 2  Protocol treatments 
(increased FUR or added TLV)

FUR furosemide, TLV tolvaptan
All values are presented as mean ± SE
Statistical significance was defined as P < 0.05

Variables FUR group (n = 17) TLV group (n = 17) P value

FUR at baseline (mg/day) 55.3 ± 7.4 50.0 ± 5.6 0.363
Increased FUR or Add-on TLV 

(mg/day)
31.8 ± 2.5 9.3 ± 0.8 –

Total FUR (mg/day) 87.1 ± 7.4 50.0 ± 5.6 < 0.001
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(RAS) inhibitors (Table 1) were not significantly different 
between the two groups. The significant increase in PRA 
could have caused the decrease in uNa excretion in the FUR 
group (Fig. 5). Generally, FUR increases urine solute excre-
tion mainly by increasing uNa excretion; therefore, based on 
the results of this subanalysis, the FUR group might become 
more resistant to FUR.

Because TLV does not decrease RBF or GFR in patients 
with CHF [22], co-administration of TLV and FUR in CHF 
patients promoted diuresis at reduced FUR doses. In addi-
tion to this, compromised drug absorption in the intestine 
is observed in patients with CHF due to congestion [23]. 
Therefore, in this subanalysis, it was also possible for add-
on TLV treatment to improve the bioavailability of FUR 
by reducing edema of the gastrointestinal tract. Thereby, 
resistance to FUR could also be reduced. However, in this 
subanalysis, Δbody weight, brain natriuretic peptide, left 
ventricular ejection fraction, early-to-late diastolic transmi-
tral flow velocity of cardiac ultrasound, and cardiothoracic 
ratio of chest X-ray were not significantly different between 
the groups. It should be noted that ΔIn-Out balance between 
day 1 and 8 was significantly larger in the TLV group than 
in the FUR group (P = 0.015) (Supplementary Table 2). 
Based on the results of this subanalysis, some factors other 
than decongestion might contribute to the increase in UV 
in the TLV group. In fact, ΔuK excretion was significantly 
lower in the add-on TLV group than in the increased FUR 
group (Fig. 6). Field et al. reported that AVP stimulated uK 
secretion independent of urine flow rate, which suggested 
that AVP increased  Na+/K+ exchange to prevent K retention 
during antidiuresis [24]. Blanchard et al. [25] investigated 
changes in urine in response to dDAVP administered alone 
(control period) or after 7-day pretreatment with amiloride 
(amiloride period) in healthy human subjects on a high Na/
low K diet to suppress aldosterone secretion. In the con-
trol period, the uNa/K ratio decreased and the transtubular 
potassium gradient (TTKG) increased, suggesting that uK 
secretion was stimulated by dDAVP in the distal nephron, on 
which aldosterone acts. However, after 7-day pretreatment 
with amiloride, the uNa/K ratio significantly increased and 
TTKG significantly decreased, suggesting that amiloride 
prevented the effects of dDAVP on TTKG [25]. Udelson 
et al. investigated the efficacy of TLV monotherapy com-
pared to FUR monotherapy and the combination of TLV and 
FUR in patients complicated by HF and systolic dysfunction 
with normal kidney function [26]. Compared with baseline 
uNa excretion values obtained after diuretic withdrawal, 
there were no significant differences in ΔuNa excretion from 
baseline during TLV therapy without a loop diuretic. The 
result of a significant reduction in aldosterone levels dur-
ing TLV therapy [26] suggested that diuresis during TLV 
therapy may not occur simply by aquaresis, but rather may 
be partly due to no upregulatory effect of TLV on RAS. 

Therefore, according to the findings of this subanalysis, TLV 
probably increases uNa excretion and decreases uK excre-
tion, and thus directly overcomes FUR resistance.

In addition to stimulating AQP2 expression in both the 
inner and outer medulla, AVP also stimulated the expres-
sion of urea transporters (UT-A1 and UT-A3) in the inner 
medulla [27, 28]. Urea transporters rapidly reabsorb urea, a 
process that is regulated by AVP. It is important to maintain 
a high urea concentration and to set up the osmotic gradi-
ent in the inner medullary interstitium [29]. Therefore, TLV 
should theoretically increase uUN excretion. Recently, in 
fact, a screening study was performed in rodents to identify 
UT-A1-selective inhibitors with suitable pharmacological 
properties [30]. Owing to their unique mechanism of action 
on the renal countercurrent mechanisms, UT-A1 inhibitors 
can increase urine volume by solute diuresis [31]. Mori et al. 
[17] conducted a study in patients undergoing peritoneal 
dialysis who were administered FUR. The study indicated 
that the responders to TLV (increased UV > 400 mL/day) 
had an increased uUN excretion, but the non-responders 
had a decreased uUN excretion. However, assessment of 
the actual uUN excretion was difficult due to a shift of UN 
between sUN and UN in the peritoneal dialysate. In this 
subanalysis, ΔuUN excretion was greater in the add-on TLV 
group than in the increased FUR group, but the difference 
was not significant.

UV is directly related to the total number of osmoles 
excreted in a day. Solutes responsible for driving water 
excretion could be electrolytes, such as Na and K, or urea 
[32]; therefore if uOsm decreases because of TLV, UV nec-
essarily increases. Potential natriuresis may be less effective 
than aquaresis because the uOsm was decreased in the TLV 
group (Fig. 4). It may be difficult to identify whether TLV 
stimulated uNa excretion, based only on uOsm, not only 
because the aquaretic effect was stronger than that of osmotic 
diuresis, but also because the decrease in the osmotic gradi-
ent between the collecting duct and interstitium can make 
reabsorption of water in the inner medulla difficult. The 
augmented aquaretic effect and potential natriuretic effect 
of TLV may increase UV.

To the best of our knowledge, this is the first report of the 
urine solute excretion profiles of TLV as add-on therapy to 
FUR in patients with CHF complicated by advanced CKD 
(not including dialysis patients); however, it had several poten-
tial limitations. First, 31 patients did not complete the study; 
therefore, the remaining 50 patients might be the patients who 
had mild-to-moderate effects. In those patients, 16 patients had 
missing data, making the number of patients in each group of 
this subanalysis relatively small. Specifically, the FUR group 
had a large proportion of missing data. Mean sCr was sig-
nificantly lower in the missing data subgroup (n = 12) than 
in the subgroup analysis (n = 17) (P = 0.040) (Supplemen-
tary Table 1). Therefore, the lower sCr in the missing data 
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subgroup may have contributed to a more diuretic effect, espe-
cially natriuretic effect which was proved by higher E-COsm 
consisted of higher uNa excretion in the FUR group if the 
subgroup was included in the analysis because furosemide 
generally has a less natriuretic effect in patients with more 
advanced CKD. Second, the urine solutes were not measured 
every day, meaning detailed changes were not known. Third, 
data for dietary factors which could have affected the uNa and 
uK excretion were not evaluated due to the nature of the acute 
treatment phase of CHF. Fourth, the plasma aldosterone con-
centration was not determined, which may have limited the 
ability of this study to determine the influence of the increased 
FUR and add-on TLV.

Conclusion

Administration of TLV as an add-on therapy to FUR increased 
renal water and Na excretion more than increased FUR in 
patients with CHF complicated by advanced CKD.
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