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Abstract
Background The diuretic effect of tolvaptan, a vasopressin V2 receptor antagonist, in patients with severe renal dysfunction 
remains poorly characterized. Thiazide diuretics reduce urinary volume (UV) in patients with nephrogenic diabetes insipidus, 
which lacks V2 receptor function.
Objective This retrospective study investigated the acute urinary effects of tolvaptan in patients with stage G5 chronic 
kidney disease and congestive heart failure (CHF), and the impact of thiazide diuretics on the urinary effects of tolvaptan.
Methods UVs 24 h before and after tolvaptan administration and 30-day dialysis initiation rate were compared between 
patients with and without thiazide diuretic administration.
Results Thiazide diuretics were used in 26 of the 106 recruited patients (age 73.4 ± 13.0 years; estimated glomerular fil-
tration rate 8.07 ± 3.13 mL/min/1.73  m2). The pre- and post-tolvaptan 24-h UVs were significantly higher in patients not 
administered thiazide diuretics (1043.4 ± 645.6 vs. 1422.2 ± 774.0 mL/day; p < 0.001) than in those administered thiazide 
diuretics (1177.3 ± 686.5 vs. 1173.1 ± 629.1 mL/day; p = 0.93). In a multivariate regression model, thiazide diuretic use was 
significantly associated with decreased 24-h UV (β coefficient − 486.7, 95% confidence interval [CI] − 674.5 to − 298.8); 
increased urine osmolality (β coefficient 37.7, 95% CI 17.1–58.4); increased body weight (β coefficient 0.62, 95% CI 
0.31–0.92); and increased 30-day dialysis initiation rate (odds ratio 3.40, 95% CI 1.18–9.82) after tolvaptan administration.
Conclusions Tolvaptan exhibited significant diuretic effects in patients with CHF, including those with severe renal dysfunc-
tion, which were diminished with concomitant thiazide diuretic use.
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Key Points 

We retrospectively analyzed the acute urinary effects of 
tolvaptan (TLV) on patients with chronic kidney disease 
(CKD) stage G5 and congestive heart failure (CHF) 
without renal replacement therapy, and also assessed the 
impact of thiazide diuretics on the efficacy of TLV.

This retrospective study demonstrated the diuretic effects 
of TLV, including increased UV and decreased urine 
osmolarity and body weight, in patients with CKD stage 
G5, suggesting that coupling TLV with loop diuretics to 
treat CHF is useful even if a patient’s kidney function is 
compromised.

Thiazide diuretics significantly attenuated the diuretic 
effect of TLV in this study; one should exercise caution 
when prescribing concomitant use of thiazide diuretics 
with TLV.

1 Introduction

Tolvaptan (TLV) is a vasopressin V2 receptor (V2R) antag-
onist that increases electrolyte-free water diuresis. TLV is 
indicated for treating hyponatremia in the US and Europe 
and cannot be used for congestive heart failure (CHF) alone. 
Conversely, along with other Asian countries, including 
China, Turkey, and Singapore, the Japanese guidelines for 
heart failure indicate TLV for treating fluid retention asso-
ciated with CHF [1], mainly based on its demonstrated 
short-term efficacy in heart failure [2]. This drug may be 
administered along with other diuretics, mainly loop diuret-
ics. A previous randomized controlled trial (RCT) showed 
that TLV increased urinary volume (UV) in patients with 
CHF with residual congestion and renal dysfunction, and 
contrary to furosemide, it did not worsen renal function [3]. 
However, how TLV affects patients with advanced chronic 
kidney disease (CKD), especially stage G5 (estimated glo-
merular filtration rate [eGFR] < 15 mL/min/1.73  m2), is 
poorly understood [4–6].

Thiazide diuretics have long been known to act paradoxi-
cally and improve polyuria (i.e., decrease UV) in patients 
with nephrogenic diabetes insipidus, in whom the vasopres-
sin V2R function is absent; therefore, they may reduce UV 
in patients receiving TLV and whose vasopressin V2R is 
pharmacologically blocked [7]. Previous reports found that 
concomitant use of thiazide diuretics with TLV reduced 
UV and increased urine osmolality (UOsm) in patients with 
autosomal dominant polycystic kidney disease (ADPKD) 

[8, 9]; however, this phenomenon has not been confirmed 
among patients with CHF.

We therefore retrospectively analyzed the acute urinary 
effects of TLV on patients with CKD stage G5 and CHF 
without renal replacement therapy. We also assessed the 
impact of thiazide diuretics on the effect of TLV.

2  Methods

2.1  Study Population

This single-center retrospective cohort study, which was 
performed in Keio University Hospital, Tokyo, Japan, was 
approved by the Research Ethics Committee of Keio Univer-
sity, School of Medicine (approval number: 20211114) and 
included all hospitalized patients who were older than 20 
years of age, had stage 5 CKD, and were newly prescribed 
TLV for CHF treatment in the Department of Nephrology 
between 1 January 2011 and 31 March 2021. A diagnosis 
of CHF is based on the presence of dyspnea and edema, 
which result from failed compensation of cardiac function 
accompanied by decreased exercise tolerance [1]; however, 
in this study, no strict diagnostic criteria were set and the 
CHF diagnosis was left to the clinician’s judgment due to 
the retrospective study design.

We excluded patients whose UV was not available or who 
underwent dialysis on the day of TLV prescription. Informed 
consent to participate in this study and for publication of the 
data was obtained in the form of opt-out online.

2.2  Data Collection and Patient Evaluation

The following patient demographics were collected during 
TLV administration: age, sex, primary CKD status, TLV 
dose (mg), and type of antihypertensive agent or diuretic 
concomitantly used. The dose and method of administration 
of furosemide were also recorded. Azosemide 60 mg was 
considered equivalent to furosemide 40 mg [10]. Moreo-
ver, changes in the dose of loop diuretics, thiazide diuretics, 
and mineralocorticoid receptor antagonists during the 24-h 
period before TLV administration were obtained from the 
records. Furthermore, the length of time between hospitali-
zation due to CHF to TLV administration was evaluated.

Baseline serum parameters obtained from the records 
within 24  h before beginning TLV treatment included 
albumin (g/dL); creatinine (mg/dL); eGFR (mL/min/1.73 
 m2) calculated using serum creatinine based on the follow-
ing three-variable equation for the Japanese: eGFR (mL/
min/1.73  m2) = 194 × serum creatinine − 1.094 × age − 0.287 × 
0.739 (if female) [11]; and sodium (mEq/L). Brain natriu-
retic peptide (BNP; pg/mL) was measured from plasma sam-
ples, whereas UOsm and urinary protein-to-creatinine ratio 
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(UPCR; g/gCre) were measured from spot urine samples 
in the morning. Furthermore, left ventricular ejection frac-
tion (%), left ventricular mass index (g/m2), and the ratio of 
early diastolic filling velocity to early mitral lateral annulus 
velocity (E/e′ ratio) were measured using echocardiography.

2.3  Outcome Measures

TLV was administered orally once per day in the morning 
(8:00–10:00 am). The primary outcomes were the effect of 
TLV on 24-h UV and the impact of comcomitant thiazide 
diuretic use on 24-h UV. Briefly, 24-h UV was measured 
from 6:00 am until 6:00 am the next day, and the 24-h UV 
on the day before TLV treatment (pre-24-h UV) was com-
pared with that on the day of TLV initiation (post-24-h UV) 
to assess the acute effects of TLV. Secondary comparisons 
included baseline UOsm (pre-UOsm) with that of 24 h after 
administration of TLV (post-UOsm), as well as body weight 
(BW) in the morning (6:00–8:00 am) just before TLV admin-
istration (pre-BW) and that on the following day (post-BW).

All-cause 30-day mortality (defined as death from any 
cause 30 days following the initiation of TLV), 30-day dialy-
sis initiation (defined as induction of dialysis 30 days follow-
ing the initiation of TLV), and length of hospital stay (days, 
defined as the difference between discharge and the day of 
TLV initiation; patients discharged on death were excluded) 
were obtained from the records [12].

2.4  Statistical Analysis

Continuous variables were presented as means ± stand-
ard deviation or medians (interquartile range [IQR]) based 
on the Kolmogorov–Smirnov test. Binary variables were 
expressed as n (%). Differences between patients taking 
thiazide diuretics and those who were not were analyzed 
using an unpaired Student’s t-test, the Mann–Whitney U 
test, and Fisher’s exact test. Pre- and post-values were com-
pared using the paired Student’s t-test. Analysis of covari-
ance (ANCOVA) was used to test for significant differ-
ences between patients with and without thiazide diuretics, 
with pre-values as covariates and post-values as dependent 
variables.

Multiple linear regression was performed using post-24-h 
UV, UOsm, and BW as dependent variables and pre-24-h 
UV, UOsm, and BW as independent variables. Additionally, 
the variables that might affect UV or diuresis were selected 
as independent variables. CHF, nephrotic syndrome, and 
CKD lead to sodium and water retention, with decreased 
sodium water excretion accompanied by decreased UV 
[13], and induce resistance to diuretics [14–16]. Therefore, 
as independent variables along with thiazide diuretic use, 
serum albumin and UPCR were included as indicators of 
the nephrotic state, BNP was included as a marker of CHF, 

and eGFR was included as an indicator of CKD. Addition-
ally, multivariate sensitivity analyses were conducted with 
post-24-h UV as a dependent variable. These analyses were 
performed by (1) adding the change in the dose of loop diu-
retics as an independent variable, and (2) excluding those 
patients in whom the dose of loop diuretics was changed. 
Additionally, age, sex, pre-24-h UV, eGFR, and thiazide 
diuretic use were used as candidate independent variables 
in the logistic regression model for 30-day dialysis initiation 
because demographics such as age and sex could have a 
significant influence on the relationship between the timing 
of dialysis initiation and the subsequent clinical outcomes 
[17], along with UV, whose decrease directly exacerbates 
volume overload and eGFR.

All statistical analyses were performed using SPSS soft-
ware for Macintosh (version 27; IBM Corporation, Armonk, 
NY, USA) and EZR (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan), a graphical user interface for R 
(The R Foundation for Statistical Computing, Vienna, Aus-
tria) [18]. A two-tailed p-value <0.05 indicated statistical 
significance.

3  Results

3.1  Patient Clinical Characteristics

Among the 339 patients assessed for eligibility, 122 patients 
fulfilled the inclusion criteria. Nine patients receiving main-
tenance peritoneal dialysis and seven patients whose pre- 
and/or post-UV data were missing were excluded; therefore, 
the study included 106 patients (Fig. 1). Thiazide diuretics 

Fig. 1  Participant selection process. eGFR estimated glomerular fil-
tration rate, CKD chronic kidney disease
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were concomitantly used in 26 patients (25%), including 23 
patients taking trichlormethiazide (1 mg/day for 13 patients 
and 2 mg/day for 10 patients), 1 patient taking hydrochlo-
rothiazide, and 2 patients taking indapamide. Mineralocor-
ticoid receptor antagonists were prescribed in 13 patients, 
including 10 patients taking spironolactone (25 mg/day for 
9 patients and 50 mg/day for 1 patient), 1 patient taking 
potassium canrenoate, and 2 patients taking eplerenone. 
The drug doses were not changed from the previous 24 h 
before TLV administration. The clinical characteristics of 
the study population at the time of TLV initiation and its 
division into two groups according to the use of thiazide 
diuretics are summarized in Table 1. TLV was administered 
at a median of 5 days (IQR 3.0–11.8) after hospitalization 
due to CHF. All patients used loop diuretics at baseline, 
which were administered intravenously and orally to 69 and 
37 patients, respectively, whose median doses were 80 and 
40 mg. Among 106 patients using loop diuretics, the dose 
was reduced from the previous 24 h in 21 patients, whereas 
the dose was increased at the time of TLV administration in 
18 patients; the dose remained the same in the remaining 67 
patients. Serum creatinine levels were significantly higher in 
those patients with thiazide diuretics (7.96 ± 4.91 vs. 6.14 
± 2.44 mg/dL; p = 0.01), but eGFR calculated from creati-
nine did not significantly differ between the groups (7.38 ± 
3.48 vs. 8.29 ± 3.00 mL/min/1.73  m2; p = 0.2). Although 
the exact cause of this discrepancy is difficult to explain, it 
could be due to the interaction of serum creatinine with sex 
and age, as eGFR is calculated by sex and age in addition 
to serum creatinine. The remaining characteristics, includ-
ing age (72.1 ± 14.8 vs. 73.9 ± 12.4 years; p = 0.54), male 
predominance (69 vs. 71%; p = 1), pre-UV (1177.3 ± 686.5 
vs. 999.9 ± 630.1 mL/day; p = 0.23), concomitant medica-
tions, and other cardiac parameters were not significantly 
different (Table 1).

3.2  Effect of Tolvaptan (TLV) on Urinary Volume 
(UV)

Twenty-four-hour UV significantly increased for all par-
ticipants upon TLV administration (1043.4 ± 645.6 vs. 
1422.2 ± 774.0 mL/day; p < 0.001) (Table 2). UV also sig-
nificantly increased in patients who were not administered 
thiazide diuretics (999.9 ± 630.1 vs. 1503.1 ± 802.4 mL/
day; p < 0.001), but was almost unchanged in the thiazide 
diuretics group (1177.3 ± 686.5 vs. 1173.1 ± 629.1 mL/day; 
p = 0.93). The serial change of UV was significantly smaller 
in those patients with thiazides than those without (− 508.1 
± 93.2 mL/day; p < 0.001) according to ANCOVA.

The use of thiazide diuretics was significantly associated 
with reduced post-24-h UV (− 486.7, 95% confidence inter-
val [CI] − 674.5 to − 298.8) in the multivariate linear regres-
sion analysis, but the remaining variables, including serum 

albumin, BNP, and UPCR, were not significantly associated 
with post-24-h UV (Table 3).

In the multivariate sensitivity analysis where the change 
in loop diuretic dose was added as an independent vari-
able, thiazide diuretic use remained significantly associ-
ated with reduced post-24-h UV (− 503.6, 95% CI − 675.8 
to −  331.4), whereas increased loop diuretic dose was 
associated with increased post-24-h UV (563.9, 95% CI 
321.9–806.0) compared with decreased loop diuretic dose 
(electronic supplementary Table S1). Additionally, in the 
multivariate sensitivity analysis where only patients receiv-
ing the same loop diuretic dose were included, thiazide 
diuretic use remained significantly associated with reduced 
post-24-h UV (− 449.5, 95% CI − 616.5 to − 282.5).

A dose–response relationship could be evaluated in 
patients receiving trichlormethiazide, a thiazide diuretic. 
Pre- and post-24-h UV in patients using trichlormethiazide 
1 mg/day (n = 13) were 1068.8 ± 556.9 vs. 1117.3 ± 594.3 
mL/day (p = 0.28). In contrast, pre- and post-24-h UV in 
patients using 2 mg/day (n = 10) were 1400.5 ± 834.6 vs. 
1338.6 ± 687.1 mL/day (p = 0.56), respectively. There was 
no clear dose–response relationship in the serial change of 
UV between the two doses using ANCOVA (p = 0.52).

3.3  Effect of TLV on Urine Osmolality (UOsm) 
and Body Weight (BW)

UOsm and BW significantly decreased following TLV 
administration (313.4 ± 63.5 vs. 260.9 ± 59.1 mOsm, 
p < 0.001; and 63.4 ± 15.3 vs. 62.8 ± 15.1 kg, p < 0.001, 
respectively) for all participants (Table 2). UOsm signifi-
cantly decreased in both groups with and without thiazide 
diuretics (304.2 ± 74.4 vs. 281.1 ± 75.2 mOsm, p = 0.01; 
and 317.3 ± 59.7 vs. 254.1 ± 51.4 mOsm, p < 0.001, respec-
tively), whereas BW significantly decreased only in those 
patients who did not take thiazide diuretics (63.1 ± 16.3 
vs. 62.4 ± 16.2 kg; p < 0.001). Differences in the serial 
changes of UOsm (35.4 ± 10.3 mOsm; p < 0.001) and BW 
(0.61 ± 0.15 kg; p < 0.001) were significant in patients 
with thiazides compared with those without, according to 
ANCOVA. The use of thiazide diuretics was significantly 
associated with the increase in post-UOsm values (37.7, 95% 
CI 17.1–58.4) and BW (0.62, 95% CI 0.31–0.92) in multi-
variate linear regression analyses (Table 3).

3.4  Effect of TLV on 30‑Day Mortality and Dialysis 
Initiation and Length of Hospital Stay

Overall 30-day mortality and dialysis initiation were 5 (5%) 
and 41 (39%) among 106 participants, respectively. All the 
causes of dialysis induction were failure to control vol-
ume status. While mortality was not significantly different 
between groups with and without thiazide diuretics (1/26 
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[4%] vs. 4/80 [5%]; p = 1), the rate of 30-day dialysis initia-
tion was significantly higher in patients with thiazide diu-
retics compared with those without (15/26 [58%] vs. 26/80 
[33%]; p = 0.03). In the multivariate logistic regression 

model, the use of thiazide diuretics was associated with 
30-day dialysis initiation (odds ratio [OR] 3.40, 95% CI 
1.18–9.82), whereas high eGFR was associated with reduced 
dialysis initiation (OR 0.78, 95% CI 0.66–0.93) (Table 4). 

Table 1  Baseline characteristics of the study population at the time of tolvaptan initiation. The groups are divided according to the concomitant 
use of thiazide diuretics

Data are expressed as mean ± standard deviation, median (interquartile range), or n (%)
ACEI/ARB angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker, ADPKD autosomal dominant polycystic kidney disease, 
CCBs calcium channel blockers, MR mineralocorticoid receptor, eGFR estimated glomerular filtration rate, BNP brain natriuretic peptide, UOsm 
urine osmolarity, UPCR urinary protein-to-creatinine ratio, LVEF (2D) left ventricular ejection fraction (two-dimensional), LVMI left ventricular 
mass index, E/e′ (sep) ratio of early diastolic filling velocity to early mitral lateral annulus velocity (septum)

Parameters All [n = 106] Thiazide+ [n = 26] Thiazide– [n = 80] p-value

Age, years 73.4 ± 13.0 72.1 ± 14.8 73.9 ± 12.4 0.54
Female/male, % 31/75 (29/71%) 8/18 (31/69%) 23/57 (29/71%) 1
Duration from hospitalization to tolvap-

tan administration, days
5.0 (3.0–11.8) 4.0 (2.0–16.3) 5.5 (3.0–11.0) 0.89

Tolvaptan dose, mg 0.27
 15 4 (4) 0 (0) 4 (5)
 7.5 57 (54) 17 (65) 40 (50)
 3.75 43 (41) 8 (31) 35 (44)
 < 3.75 2 (2) 1 (4) 1 (1)

Primary kidney disease 0.94
 Diabetic kidney disease 43 (41) 10 (38) 33 (41)
 Nephrosclerosis 38 (36) 9 (35) 29 (36)
 Chronic glomerulonephritis 10 (9) 3 (12) 7 (9)
 Interstitial nephritis 6 (6) 1 (4) 5 (6)
 ADPKD 4 (4) 1 (4) 3 (4)
 Other 5 (5) 2 (8) 3 (4)

Loop diuretics
 Intravenous/oral 69/37 (65/35%) 17/9 (65/35%) 52/28 (65/35%) 1
 Intravenous dose, mg 80 (60–160) 120 (80–200) 80 (60–120) 0.06
 Oral dose, mg 40 (40–80) 40 (40–80) 60 (40–90) 0.97

Change in loop diuretic doses 0.44
 Reduced 21 (20) 3 (12) 18 (23)
 Maintained 67 (63) 19 (73) 48 (60)
 Increased 18 (17) 4 (15) 14 (17)

CCBs 92 (87) 24 (92) 68 (85) 0.51
ACEI/ARBs 42 (40) 13 (50) 29 (36) 0.25
MR antagonists 13 (12) 1 (4) 12 (15) 0.18
Body weight, kg 62.4 ± 14.9 63.8 ± 11.4 62.0 ± 15.9 0.6
Creatinine, mg/dL 6.59 ± 3.29 7.96 ± 4.91 6.14 ± 2.44 0.01
eGFR, mL/min/1.73  m2 8.07 ± 3.13 7.38 ± 3.48 8.29 ± 3.00 0.2
Urinary volume, mL/day 1043.4 ± 645.6 1177.3 ± 686.5 999.9 ± 630.1 0.23
Albumin, g/dL 2.76 ± 0.54 2.76 ± 0.39 2.76 ± 0.58 0.97
BNP, pg/mL 495.3 (229.6–1270.3) 540.0 (160.4–1497.1) 476.3 (270.6–1213.2) 0.83
Sodium, mEq/L 137.5 ± 5.1 137.0 ± 4.9 137.6 ± 5.2 0.62
UOsm, mOsm [n = 96] 313.7 ± 62.0 306.4 ± 71.1 316.3 ± 58.9 0.49
UPCR, g/gCre 3.68 (1.22–6.55) 3.96 (1.59–7.49) 3.27 (1.17–5.99) 0.48
LVEF (2D), % [n = 99] 63.4 (52.2–70.0) 63.7 (56.2–67.9) 63.2 (51.0–71.5) 0.75
LVMI, g/m2 [n = 99] 120.7 ± 29.4 124.5 ± 27.9 119.4 ± 30.0 0.46
E/e′ (sep) [n = 96] 15.9 (12.2–20.5) 16.0 (12.3–20.0) 15.8 (12.2–20.5) 0.62
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The area under the receiver operating characteristic curve 
of the logistic regression model showed a sufficiently high 
value of 0.77. The length of hospital stay among all par-
ticipants who survived at discharge (n = 100) was 15 days 
(9–34), which was not significantly different between 
patients who did and did not receive thiazide diuretics (16 
[8–31] vs. 15 [9–36] days; p = 0.73).

4  Discussion

This retrospective cohort study showed the diuretic effects 
of TLV, including increased UV and decreased UOsm and 
BW, in patients with CKD stage G5. This result suggests 
that coupling TLV with loop diuretics to treat CHF is useful 
even if a patient’s kidney function is compromised. How-
ever, as previously assumed [7–9], thiazide diuretics sig-
nificantly attenuated the diuretic effect of TLV in this study; 
one should exercise caution when prescribing concomitant 
use of thiazide diuretics with TLV.

Volume control is crucial in CKD stage G5 patients to 
avoid cardiopulmonary decompensation, which warrants 
aggressive ultrafiltration or dialysis therapy. Sodium and 
fluid restriction as well as loop diuretics have been used to 
promote negative fluid balance [19]; however, loop diuretics 
are only 10–20% effective in advanced CKD, especially in 
CKD stage G5, relative to normal subjects [20]. High-dose 
loop diuretics are required to elicit diuretic effects in patients 
with advanced CKD; ceiling doses often prove ineffective 
in CKD stage five patients. Nonetheless, concomitant use of 
thiazide and loop diuretics has been used to effectively con-
trol fluid status in such patients [21, 22]. Coadministration of 
loop and thiazide diuretics is reasonable because loop diuret-
ics increase NaCl reabsorption in more distal tubules than 
the loop of Henle, including the site of thiazide action [23]. 
Thiazide diuretics alone are widely assumed to be ineffective 
in advanced CKD because the sodium-chloride symporter 
in the distal convoluted tubule, the primary site of action 
for thiazide diuretics, is responsible for only 5% of the total 
filtered sodium reabsorption. Inhibiting such a small frac-
tion of total sodium reabsorption in advanced CKD, which 
is characterized by reduced sodium filtration, has been con-
sidered to be clinically insignificant [24]. However, a recent 
clinical trial showed that thiazide diuretics were noninferior 
to dietary sodium restriction in reducing extracellular vol-
ume in CKD stage G3 and G4 [24, 25]. Furthermore, another 
clinical trial demonstrated that compared with placebo, chlo-
rthalidone, a thiazide-like diuretic, improved blood pressure 
control in patients with CKD stage G4 [25, 26], which sug-
gests that diuretic sensitivity in CKD is maintained despite 
lower diuretic renal clearance.

TLV is a relatively new diuretic whose mechanism differs 
from that of loop and thiazide diuretics, and it has shed new Ta
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light on the treatment of CHF. Severe renal dysfunction is 
associated with CHF resistant to diuretics, including loop 
diuretics. While the severity of CHF was proportional to the 
elevation in vasopressin, loop diuretics could directly induce 
vasopressin elevation, sometimes associated with solute-free 
water retention, thereby leading to hyponatremia [27, 28]. In 
this regard, the addition of TLV, a V2R antagonist, is reason-
able to effectively increase UV with enhanced excretion of 
solute-free water by blocking solute-free water reabsorp-
tion from the renal-collecting duct. Indeed, in an RCT of 
patients with CHF diagnosed with nondialysis CKD stage 
G3b–G5 (eGFR < 45 mL/min/1.73  m2), TLV significantly 
increased UV without increasing serum creatinine compared 
with intervention by increasing the dose of furosemide [3]. 
Several studies have shown the diuretic effectiveness of TLV 
in patients with CKD stage G5, although their sample sizes 
were small with only 8–21 patients [4–6]. Our study is the 
first to describe the efficacy of TLV as a diuretic in over 100 
nondialysis-dependent CKD stage G5 patients. Serum albu-
min and UPCR did not affect the efficacy of TLV, contrary 
to previous results using furosemide [19]. The efficacy of 

TLV as a diuretic may be even higher given its success in 
patients undergoing peritoneal dialysis [29, 30] and hemo-
dialysis [31].

However, using thiazide diuretics with TLV attenuated 
TLV’s diuretic effects of increasing UV and decreasing 
UOsm and BW. In addition to treating CHF, TLV delays the 
increase in total kidney volume and decline in the kidney 
functions of patients with near-normal kidney functions and 
late-stage ADPKD [32, 33]. Many discontinue TLV because 
of polyuria, a serious symptom resulting from high-dose 
TLV of 60–120 mg compared with < 15 mg. A previous 
RCT suggested that thiazide reduces the aquaresis caused 
by TLV in ADPKD patients as well as those with nephro-
genic diabetes insipidus [7, 9]. Unfortunately, this reduction 
may compromise CHF treatment. Indeed, the rate of 30-day 
dialysis initiation, indicating treatment failure of CHF, was 
significantly higher in patients with thiazide diuretics than 
those without in this cohort. Further studies are needed to 
conclude whether or not thiazide diuretics should be dis-
continued when treating CHF with TLV for CHF or if they 
should be replaced with loop diuretics.

This study has several limitations. First, we could not 
completely exclude other potential confounders because 
of the retrospective observational design of this study. In 
particular, the thiazide diuretics group showed significantly 
higher serum creatinine with lower eGFR than the group 
without thiazide diuretics, which might indicate the resist-
ance to diuretics. Although this result did not rule out the 
possibility that there was a difference in patient background 
characteristics between the two groups, the difference might 
only reflect the acute effect of thiazide diuretics in com-
bination with loop diuretics, considering higher pre-UV 
in the thiazide diuretics group [19]. However, our analy-
ses were adjusted for parameters considered to be associ-
ated with diuresis, and the multivariate model had a rela-
tively high adjusted R2 of 0.50–0.99, which was enough for 

Table 3  Multivariate linear regression analysis to determine variables associated with post-24-h urinary volume, urine osmolarity, and body 
weight

CI confidence interval, UOsm urine osmolarity, eGFR estimated glomerular filtration rate, BNP brain natriuretic peptide, UPCR urinary protein-
to-creatinine ratio
a Adjusted for pre-values

Variable Post-urinary volume (mL/day)a Post-UOsm (mOsm)a [n = 87] Post-body weight (kg)a [n = 91]

β-coefficient 95% CI p-value β-coefficient 95% CI p-value β-coefficient 95% CI p-value

Thiazide diuret-
ics

− 486.7 − 674.5 to 
− 298.8

< 0.001 37.7 17.1–58.4 < 0.001 0.62 0.31–0.92 <0.001

eGFR (mL/
min/1.73  m2)

21.8 − 5.8 to 49.5 0.12 − 0.27 − 3.33 to 2.80 0.86 − 0.00031 − 0.043 to 0.022 0.99

Albumin (g/dL) 6.89 − 154.9 to 168.7 0.93 − 3.30 − 20.9 to 14.3 0.71 0.025 − 0.24 to 0.29 0.85
BNP (pg/mL) 0.053 − 0.041 to 0.15 0.27 − 0.0066 − 0.018 to 

0.0050
0.26 0.000019 − 0.00013 to 

0.00017
0.8

UPCR (g/gCre) 3.92 − 13.91 to 21.75 0.66 − 1.92 − 3.94 to 0.11 0.06 − 0.0015 − 0.032 to 0.029 0.93

Table 4  Multivariate logistic regression analysis to determine vari-
ables associated with 30-day dialysis initiation

OR odds ratio, CI confidence interval, eGFR estimated glomerular fil-
tration rate

Variables Multivariate regression

OR (95% CI) p-value

Age [per 10 years] 1.09 (0.74–1.61) 0.66
Sex [male] 2.26 (0.80–6.39) 0.12
Thiazide diuretics 3.40 (1.18–9.82) 0.02
eGFR [mL/min/1.73  m2] 0.78 (0.66–0.93) 0.006
Pre-urinary volume [per 100 

mL/day]
0.93 (0.85–1.01) 0.07
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goodness-of-fit. The inclusion of serum creatinine instead of 
eGFR as an independent variable did not change the statisti-
cal significance at all (data not shown). Additionally, param-
eters including UOsm, BW, and cardiac parameters could not 
be measured in several patients, therefore selection biases 
were not completely excluded either. Second, we could only 
analyze the acute effects within 24 h of TLV administra-
tion. Some data after 24 h were not available for analysis 
because they were missing due to the retrospective design 
or because of immediate dialysis initiation. Simultaneously, 
we analyzed other longitudinal outcomes, including 30-day 
mortality and dialysis initiation rate. Although we clarified 
the significant difference in the rate of 30-day dialysis initia-
tion between patients with and without thiazide diuretics, 
whether TLV itself could delay dialysis initiation and death 
or shorten the length of hospital stay was unclear. Addi-
tionally, the number of patients included (n = 106) and the 
number of deaths in 30 days (n = 5) were too small to draw 
conclusions regarding 30-day mortality in this study. Finally, 
the generalizability of our results to other patients with CHF 
remains unclear. The cause of fluid overload was attributed 
to sodium retention from reduced kidney function rather 
than cardiac function, because the participants were mainly 
seen in the Nephrology Department. Additionally, this study 
did not clarify how thiazide affected the diuretic effects of 
TLV in patients with CHF with CKD stages other than G5. 
Due to a single-arm analysis without a control group not 
using TLV, this study could not provide definite evidence 
suggesting that TLV was effective in CKD stage G5.

5  Conclusion

We showed that TLV increased UV in patients with CHF 
and CKD stage G5, although the concomitant use of thi-
azide diuretics should be considered with caution because 
they may reduce the effect of TLV. Further prospective trials 
should investigate the long-term effects of TLV and con-
comitant use of thiazide diuretics on patients with CHF with 
CKD.
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