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Background: Several conflicting reviews have concluded that the use of loop
diuretics is associated with poorer clinical and safety outcomes. Therefore, this
study aimed to investigate the efficacy and safety of tolvaptan as an adjunct to
conventional diuretic therapy in patients with acute heart failure (AHF).
Methods: A comprehensive search was conducted on PubMed, Embase,
ProQuest, EBSCO, and Cochrane Library until 24 May 2023 to identify
randomized controlled trials that compared the effects of tolvaptan with
conventional therapy and placebo in patients with AHF. The quality assessment
of the included trials was conducted using the Cochrane risk of bias. A network
meta-analysis (NMA) was conducted to examine the dosage effect of tolvaptan.
Result: A total of 17 studies with 18 reports, involving 10,039 patients, were selected.
The tolvaptan add-on therapy significantly alleviated dyspnea [24 h: RR 1.16 (1.04,
1.29), 48 h: RR 1.18 (1.04, 1.33)], reduced body weight within 48 h [Asian group, MD
−0.93 (−1.48, −0.38); non-Asian group, MD −2.76 (−2.88, −2.65)], reduced edema
[RR 1.08 (1.02, 1.15)], increased serum sodium [non-Asian group, MD 3.40 (3.02,
3.78)], and resulted in a change in serum creatinine [MD −0.10 (−0.18, −0.01)]. No
significant differences were observed in mortality and rehospitalization. The NMA
suggested that an intermediate dosage (15 mg/day) might offer the best efficacy in
reducing dyspnea within 24 h, reducing edema, increasing serum sodium, and
lowering the incidence of worsening renal function (WRF).
Conclusion: In conclusion, themeta-analysis showed that tolvaptan contributed to
the short-term alleviation of congestive symptoms, elevated sodium levels, and a
lower incidence of WRF. However, no significant benefits were observed in long-
term symptoms, rehospitalization rates, and mortality. An intermediate dosage of
tolvaptan might be considered the optimal choice for various clinical outcomes.

Systematic Review Registration: https://www.crd.york.ac.uk/, PROSPERO
(CRD42023420288).
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1 Introduction

Acute heart failure (AHF) is a commonly encountered

condition that often leads to hospitalization. The wet-warm

phenotype, which is characterized by congestive symptoms, is

predominant in most AHF patients. Managing congestion

through decongestive therapy is a primary focus in patient care

(1). Historically, international guidelines have positioned

furosemide, a loop diuretic, as the first-line medication for AHF.

Despite its recognized benefits, furosemide comes with potential

side effects, particularly the activation of the renin–angiotensin–

aldosterone (RAA) system, which can have adverse effects on

kidney function. This is particularly concerning in patients with

heart failure (HF) with ejection fraction, where the RAA system

may become overstimulated, thereby posing a potential risk in

the presence of comorbid renal function disorders (2). Tolvaptan

has been extensively studied for its decongestive effects without

worsening renal function (WRF) (3), which formed the basis for

conducting this study.

A current meta-analysis conducted by Kansara et al. (4)

evaluated the short- and long-term effectiveness of tolvaptan in

patients with AHF with standard HF care. The results showed

that HF patients in the tolvaptan group experienced superior

dyspnea relief, as shown by the Likert score, and a significant

mean reduction in weight within the first 48 h (short term).

However, it is crucial to acknowledge the potential impact of

varying tolvaptan dosages used across the included studies, which

could have influenced the results. To address this concern, we

conducted an updated systematic review and a meta-analysis of

randomized double-blinded tests, comparing tolvaptan add-on

therapy with conventional diuretic therapy in hospitalized AHF

patients. Our approach used a comprehensive network meta-

analysis (NMA) to evaluate the dosage effect of tolvaptan. This

meta-analysis aimed to provide insights into the efficacy and

safety of tolvaptan add-on therapy in AHF patients, addressing

the key questions related to its use in clinical practice.
2 Material and methods

2.1 Literature search

The search strategy adhered to the Preferred Reporting Items for

Systematic Reviews and Meta-analyses (PRISMA) extension

statement for NMA. The protocol was registered in the International

Prospective Register of Systematic Reviews (PROSPERO) with

identification number CRD42023420288. A systematic search was

conducted on PubMed, Embase, EBSCO, ProQuest, and the

Cochrane Library from inception to 24 May 2023. The applied

keywords were “acute heart failure” OR “heart failure” AND

“tolvaptan” OR “samsca” OR “opc 41061.” The general searching

strategy was adjusted to the format in each database, as presented in

detail in Supplementary S1. Additionally, the participant, index test,

comparison, and outcome (PICO) detailed for this study are

provided in Supplementary S2.
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2.2 Study selection

The inclusion criteria for meta-analysis consisted of

randomized trials of hospitalized patients with AHF, wherein

tolvaptan served as an add-on to the conventional diuretic

therapy in the therapy group, and comparisons were made with

the therapy with placebo. The outcomes considered were dyspnea

relief, changes in body weight, edema, electrolytes, mortality, and

rehospitalization. The excluded outcomes were review articles,

medical reports, observational studies, case reports, and

editorials. Two independent reviewers (VP and JB) blindly

evaluated the search results based on the inclusion and exclusion

criteria. The third reviewer (BW) was consulted to make a

decision when a consensus was not reached between VP and JB.
2.3 Outcomes

For each eligible study, efficacy indicators, including dyspnea

relief, changes in body weight, edema reduction, changes in

sodium level, and changes in creatinine level, were evaluated.

Safety data, such as mortality and rehospitalization, were also

analyzed. A subgroup analysis with NMA was conducted based on

the different tolvaptan dosages (i.e., high, intermediate, and low).
2.4 Data extraction and quality assessment

The characteristics of the RCTs, consisting of the first reviewer,

publication year, study acronym, study country, sample size, study

period, intervention type(s), and clinical outcome(s), were

summarized in Table 1. To investigate the potential biases in the

analyzed RCTs, the Cochrane risk of bias assessment

(Supplementary S3) was used (21). This means facilitating the

evaluation of bias related to the random sequence era, allocation

concealment, blinding of parties and analysts, blinding of the

outcome reviews, particular reporting, incomplete outcome data,

and other relevant metrics. Funnel plot asymmetry and Egger

tests were applied to assess the potential evidence of publication

bias (Supplementary S4).
2.5 Statistical analysis

Data analysis was conducted using RevMan 5.4.1, with relative

risk (RR), mean difference (MD), and 95% confidence interval (CI)

adopted as influence measures. Under an incidental effect model,

the Mantel–Haenszel method was utilized to analyze the

dichotomous data. The I2 test determined the presence of

heterogeneity, and the significance was set at p < 0.05. A random-

effect model was used when P < 0.1 and I2≥ 50%. Additional

subgroup examinations were performed to investigate the potential

causes of statistical heterogeneity.

The NMA adopted both direct and indirect comparisons to

estimate the relative efficacy of the different tolvaptan dosages. It

is a method that allows for the simultaneous comparison of
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TABLE 1 Basic characteristics of the included randomized clinical trials.

Author Year Acronym Study
location

Sample
size

Study
population

Follow-up Intervention Primary
endpoints

Tolvaptan Control
Lin et al. (5) 2020 NR Taiwan 91 AHF 1–4 days and

1 month
Con + 15 mg/day of
tolvaptan (n = 46)

Con + Placebo
(n = 45)

[B], [C], [F]

Chitthai et al. (6) 2021 NR Thailand 40 AHF 3 days Con + 7.5 mg/day of
tolvaptan (n = 20)

Con + Placebo
(n = 20)

[D], [F], [G]

Tien Ng et al. (7) 2020 AQUA-HF USA 33 AHF 4 days Con + 30 mg/d of
tolvaptan (n = 18)

Con + Placebo
(n = 15)

[G}

Inomata et al. (8) 2018 K-STAR Japan 81 AHF 7 days Con + 15 mg/day of
tolvaptan (n = 40)

Con + Placebo
(n = 41)

[D], [E], [G]

Konstam et al. (9) 2017 SECRET of CHF USA 240 AHF 7 days Con + 30 mg/day of
tolvaptan (n = 117)

Con + Placebo
(n = 123)

[A], [B], [H]

Felker et al. (10) 2017 TACTISCS-HF USA 257 AHF 48 h Con + 30 mg/day of
tolvaptan (n = 129)

Con + Placebo
(n = 128)

[A], [B], [C], [F],
[G], [E]

Tamaki et al. (11) 2017 NR Japan 50 AHF 48 h Con + 15 mg/day of
tolvaptan (n = 26)

Con + Placebo
(n = 24)

[G]

Jujo et al. (12) 2016 NR Japan 60 AHF 5 days Con + 7.5 mg/day of
tolvaptan (n = 30)

Con + Placebo
(n = 30)

[G], [H]

Shanmugam et al.
(13)

2016 NR India 51 AHF 5 days Con + 15 mg/day of
tolvaptan (n = 25)

Con + Placebo
(n = 26)

[F], [H]

Kimura et al. (14) 2016 TACT-ADHF Japan 52 AHF 7 days Con + 7.5 mg/day of
tolvaptan (n = 26)

Con + Placebo
(n = 26)

[F]

Matsue et al. (3) 2016 AQUAMARINE Japan 217 AHF 2 days Con + 15 mg/day of
tolvaptan (n = 108)

Con + Placebo
(n = 109)

[A], [C], [E], [H]

Matsuzaki et al.
(15)

2011 NR Japan 110 AHF 7 days Con + 30 mg/day of
tolvaptan (n = 53)

Con + Placebo
(n = 57)

[D]

Udelson et al. (16) 2011 NR USA 42 AHF 8 days Con + 30 mg/day of
tolvaptan (n = 20)

Con + Placebo
(n = 22)

[D], [F]

Udelson et al. (17) 2007 NR USA 240 AHF 8 days Con + 30 mg/day of
tolvaptan (n = 120)

Con + Placebo
(n = 120)

[H], [I]

Gheorghiade et al.
(18) (Trial A)

2007 EVEREST 20 countriesa 2,048 AHF 7 days Con + 30 mg/day of
tolvaptan (n = 1,018)

Con + Placebo
(n = 1,030)

[A]

Gheorghiade et al.
(18) (Trial B)

2007 EVEREST 20 countriesa 2,085 AHF 7 days Con + 30 mg/day of
tolvaptan (n = 1,054)

Con + Placebo
(n = 1,031)

[A]

Konstam et al. (19) 2007 NR (EVEREST
Outcome)

20 countriesa 4,133 AHF 8 days Con + 30 mg/day of
tolvaptan (n = 2,072)

Con + Placebo
(n = 2,061)

[C], [E], [F], [G],
[H], [I]

Gheorghiade et al.
(20)

2004 ACTIV in CHF Argentina,
USA

158 AHF 7 days Con + 30 mg/day of
tolvaptan (n = 78)

Con + Placebo
(n = 80)

[E], [F], [I]

[A], dyspnea relief within 24 h; [B] dyspnea relief within 48 h; [C] change in body weight within 48 h; [D] change in weight within 7 days; [E] edema reduction; [F] change in

serum sodium level; [G] change in serum creatinine level; [H] mortality; and [I] rehospitalization.
a359 centers in 20 North American, South American, and European countries.
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multiple interventions in a single study by incorporating both

direct and indirect data from a network of studies. It generates

the estimates of the comparative effects of any two interventions

in the network and typically provides more accurate estimates

compared to a single direct or indirect estimate. Additionally, it

enables the estimation of the relative position and order of

interventions (22). The analysis was conducted by utilizing the

GEMTC package (Version 1.1-0) in the R programming language

(The R Foundation for Statistical Computing, Vienna, Austria).

For indirect therapy comparisons, the NMA was used based on

hierarchical Bayesian models to compare the effects of distinct

interventions. The Bayesian framework was based on the

probability distribution of the model parameters, taking into

account both the observed data and prior beliefs derived from

external information regarding the parameter values. The

importance of the differences between direct and indirect

comparisons was imagined using contrast plots. The probability

of treatment ranking for each dosage of tolvaptan was
Frontiers in Cardiovascular Medicine 03
determined using the MetaInsight V4.0.2 Beta software. The

results were then presented using the Litmus Rank-O-Gram

surface under the cumulative ranking curve (SUCRA) (23).

A sensitivity examination was adopted to assess the impact of

specific studies on the estimations. Each analysis was eliminated

separately, and the results were recalculated to evaluate their

strength. In addition, a leave-one-out analysis was adopted to

perform multiple meta-analyses by excluding the effect size that

might distort the total results (Supplementary S5). P < 0.05 was

considered statistically significant.
3 Result

3.1 Literature search and included studies

Figure 1 presents a diagram showing the study selection. A

total of 1,137 studies were identified from PubMed (375),
frontiersin.org
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FIGURE 1

PRISMA flowchart showing the eligibility of studies for inclusion in the updated meta-analysis.

Pratama et al. 10.3389/fcvm.2024.1367442
Embase (481), EBSCO (67), ProQuest (138), and Cochrane

Library (76). After 276 duplicates were removed, 861 studies

were subjected to screening. Among these, 817 papers were

excluded during the title and abstract screening phase due to

not meeting the inclusion standards. Following a thorough

assessment of the full-text papers, 22 studies were excluded due

to lack of AHF subjects, missing desired outcome data, and not

comparing tolvaptan add-on therapy with the conventional

therapy with placebo. In addition to the database search, a

citation search was conducted for the included papers,

resulting in the retrieval and assessment of two studies. Finally,

17 studies and 18 reports, which were published until 24 May

2023, were chosen for the meta-analysis based on the inclusion

standards (3, 5–20).
3.2 Characteristics of the included studies
and quality assessment

Table 1 summarizes the characteristics of the included studies,

such as the first reviewer, publication year, study acronym, study

country, sample size, study period, intervention type(s), and

clinical outcome(s). The 17 RCTs and 18 records comprised

studies shown in the USA, South America, Europe, Japan,
Frontiers in Cardiovascular Medicine 04
Taiwan, India, and Thailand. The studies included a total of

9,988 patients with AHF, of whom 5,000 (50.06%) patients

belong to the tolvaptan group and 4,988 (49.94%) patients

belong to the control group.
3.3 Efficacy and safety indicators: clinical
outcomes

This analysis compared dyspnea relief, changes in body weight,

edema reduction, changes in sodium and creatinine levels,

mortality, and rehospitalization associated with tolvaptan add-on

and conventional therapies. Mortality and rehospitalization

outcomes were associated with cardiovascular causes.

3.3.1 Effect of tolvaptan add-on therapy on
dyspnea relief

The primary reason for hospitalization in HF patients was

dyspnea. Five reports documented the changes in dyspnea within

24 h (Figure 2A), and three reports addressed the changes in

dyspnea within 48 h (Figure 2B) using a Likert psychometric scale.

No substantial heterogeneity was observed among all studies

(dyspnea 24 h, P = 0.17, I2 = 38%; dyspnea 48 h, P = 0.80, I2 = 0%),

and the analysis was performed using the random-effect model.
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FIGURE 2

Forest plot depicting the effects of add-on tolvaptan on clinical outcomes. The effects of add-on tolvaptan on dyspnea relief within 24 h (A), dyspnea
relief within 48 h (B), changes in body weight within 48 h (C), changes in body weight within 7 days (D), edema reduction (E), changes in serum sodium
(F) and creatinine (G) levels, mortality (H), and rehospitalization (I).

Pratama et al. 10.3389/fcvm.2024.1367442
The meta-analysis displayed a significant advancement in dyspnea in

the tolvaptan group within 24 h [RR 1.16 (1.04, 1.29), p = 0.008] and

48 h [RR 1.18 (1.04, 1.33), p = 0.01].

3.3.2 Effect of tolvaptan add-on therapy on
reducing body weight within 48 h (BW 48 h) and
7 days (BW 7 days)

The aquaretic impact of the tolvaptan add-on therapy

manifested in the mean body weight of HF patients. There was

significant heterogeneity among the five analyses that examined

both reduced body weight outcomes (BW 48 h, P < 0.001, I2 =

97%; BW 7 days, P = 0.05, I2 = 66%) (Figures 2C,D), and a

subgroup analysis was conducted (year, location). Based on the

subgroup analysis, the location appeared to influence the

heterogenicity of BW 48 h outcomes. Therefore, the conclusion

was drawn from these subgroups, and a random-effect model
Frontiers in Cardiovascular Medicine 05
was adopted (Figure 2C). A substantial weight reduction within

48 h with tolvaptan compared to placebo was observed in both

Asian and non-Asian subgroups [Asian group, MD −0.93
(−1.48, −0.38), p = 0.00; non-Asian group, MD −2.76 (−2.88,
−2.65), p = 0.00]. However, the subgroup analysis for BW 7 days

showed a significant heterogenicity, which might be influenced

by the low number of included studies. The analysis showed no

substantial weight reduction within 7 days with tolvaptan [MD

−0.51 (−1.26, 0.23), p = 0.18] (Figure 2D).

3.3.3 Influence of tolvaptan add-on therapy on
reducing edema

Diuretics might benefit HF patients with pitting edema and no

nutritional weight gain due to reduced urine production and

excessive fluid retention. This analysis showed a significant

reduction in edema [RR 1.08 (1.02, 1.15), p = 0.008)] with
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tolvaptan add-on therapy compared to the conventional therapy

(Figure 2E). No important heterogeneity was observed among

the analyses, and the random-effect model was used for the

examination (edema, P = 0.46, I2 = 0%).

3.3.4 Effect of tolvaptan add-on therapy on serum
sodium and creatinine

Significant heterogeneity existed among studies that

discussed both changes in serum sodium and creatinine (sodium,

P = 0.01, I2 = 60%; creatinine, P = 0.02, I2 = 60%), thereby

prompting a subgroup analysis. Both outcomes showed that

location (non-Asia for serum sodium and Asia for serum

creatinine) influenced heterogenicity. Conclusions were drawn

from location subgroups, and the random-effect model was

adopted (Figures 2F,G).

Among the four studies in the non-Asian subgroup

(Figure 2F), a significant rise was observed in patients with

tolvaptan [MD 3.40 (3.02, 3.78), p < 0.00001]. Based on the

conveyed change among four studies in the Asian group

(Figure 2G), a significant difference in the serum creatinine

change was found between patients feted with tolvaptan vs.

placebo [MD −0.10 (−0.18, −0.01), p = 0.04].

3.3.5 Effect of tolvaptan add-on therapy on
mortality and rehospitalization

No meaningful heterogeneity was observed in mortality studies

(P = 0.86, I2 = 0%), while rehospitalization had a significant

heterogeneity. Despite conducting a subgroup analysis, there was

heterogeneity possibly influenced by the low number of included

studies. The analysis adopted the random-effect model, and

seven studies reported that there was no distinction in mortality

[RR 0.98 (0.88, 1.08), p = 0.20] (Figure 2H). Additionally, there

was no disparity in rehospitalizations [RR 0.79 (0.51, 1.22), p =

0.28, I2 73%] in patients treated with tolvaptan compared to

placebo (Figure 2I).
3.4 NMA of the tolvaptan dosage effect
subgroup

The NMA was performed to compare the efficacy of the

dosage effect by stratifying tolvaptan therapy classes into low

dosage (7.5 mg/day), intermediate dosage (15 mg/day), and

high dosage (30 mg/day). The analysis consisted of comparing

three or more therapies, using both indirect comparisons across

trials based on a standard comparator (conventional therapy)

and natural comparisons of interventions (high dosage vs.

intermediate dosage vs. low dosage) in RCTs. The choice of

tolvaptan dosage was based on previous reviews and various

protocols. Figure 3 presents the contrast plots reporting the risk

ratio for each tolvaptan dosage and outcomes. A contour-

enhanced funnel plot and a heat map were also included in the

study (Figure 4). We provided a detailed overview of the

rankings for different tolvaptan dosage methods based on the

SUCRA probability. We assessed the rankings based on dyspnea

relief within 24 h and 48 h, changes in body weight within 48 h
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and 7 days, edema reduction, changes in sodium level, changes

in creatinine level, and mortality (Supplementary S6).

Supplementary data (Supplementary S7, S8) also display the

pooled estimates of the NMA and the network plots for

each analysis.
3.5 Sensitivity analysis

Sensitivity analysis was performed for each efficacy and safety

indicator. The leave-one-out analysis was adopted to perform

multiple meta-analyses by excluding the effect size that might

distort the total results. The leave-one-out forest plot also

provided a vertical line at the effect size based on the complete

set of studies (with no omission) to detect influential studies, as

shown in Supplementary S5. Several reviews showed non-robust

results, specifically in outcomes that had heterogeneity in the

clinical and safety meta-analysis.
3.6 Publication bias

Publication bias was visualized using a contour-enhanced funnel

plot (Figure 4). Integrating a contour-enhanced funnel plot and the

Eager test (Supplementary S4) revealed that there was no significant

publication bias in summarizing the impact of add-on tolvaptan.
4 Discussion

The meta-analysis showed that tolvaptan add-on therapy

significantly alleviated dyspnea by reducing the volume overload.

The tolvaptan group showed a substantial reduction in edema and

short-term weight within 48 h, but this weight shift was temporary,

without significant changes observed within 7 days. Additionally, the

tolvaptan group showed an increase in serum sodium during

hospitalization in non-Asian studies. Meanwhile, Asian studies

suggested that tolvaptan add-on therapy could significantly reduce

the incidence of WRF. The NMA of the tolvaptan dosage effect

subgroup showed that the intermediate dosage of 15 mg might be

considered the optimal dosage for the majority of the outcomes.

In AHF patients presenting with predominant symptoms of

fluid overload and congestion, intravenous loop diuretics served

as the primary therapy to enhance renal excretion of sodium and

fluids, while also acting as a vasodilator to provide rapid relief of

congestive symptoms (24). Nevertheless, the acknowledged

drawbacks in both effectiveness and safety, such as electrolyte

disturbances and renal impairment, compel us to escalate the

dosage of diuretics to prevent further neurohormonal activation

and overcome resistance to their diuretic effects. It is widely

recognized that diuretic effects steadily diminish over successive

days of loop diuretic treatment. Hence, it is advisable to

promptly adjust diuretic therapies, such as combination therapy,

to promote decongestion (25). Tolvaptan, an oral diuretic,

competes with vasopressin at the distal nephron V2 receptor. It

prevents aquaporin channel activation by blocking the V2
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FIGURE 3

Network meta-analysis (NMA) on the tolvaptan dosage effect subgroup analysis. Contrast plot showing the dosage effect of each efficacy and safety
indicator. (A) Network analysis contrast plot of dyspnea within 24 h; (B) network analysis contrast plot of dyspnea within ≥48 h; (C) network analysis
contrast plot of reduced body weight within 48 h; (D) network analysis contrast plot of reduced body weight within 7 days; (E) network analysis
contrast plot of edema; (F) network analysis contrast plot of serum sodium level; (G) network analysis contrast plot of serum creatinine level; and
(H) network analysis contrast plot of mortality.
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receptor–arginine vasopressin connection. This prevents water

from being reabsorbed, resulting in the excretion of free water

(26). In line with the observation of Kansara et al., the meta-

analysis concluded that adding tolvaptan could greatly reduce

volume excess, as evidenced by relieved dyspnea, weight

reduction within 48 h, and reduced edema. This suggested that

tolvaptan aided in achieving the therapy objectives of HF, such

as decreasing congestion, after-load, and neurohormonal

activation to enhance hemodynamics and symptoms, potentially

reducing in-hospital events, rehospitalizations, and mortality

while bypassing therapy toxicities (27).

A drawback of conventional diuretics was the potential

development of resistance and adverse effects, including electrolyte

abnormalities. The results among non-Asian studies supported by

the EVEREST and a previous meta-analysis showed that tolvaptan

add-on therapy greatly increased sodium levels compared to

conventional therapy. Tolvaptan, a selective non-peptide oral agent

rival of the vasopressin receptor, acted on the distal part of the

nephron by inhibiting the V2 receptor, suppressing the action of

the antidiuretic hormone for reabsorption of free water, thereby

resulting in the excretion of diluted urine, and facilitating

hypotonic diuresis without adversely affecting the elimination of

electrolytes. Furthermore, the mechanism prevented the activation
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of the aquaporin system, reducing the ability of the kidneys to

reabsorb water and leading to an increase in sodium levels in the

blood and excretion of water in urine (3, 28).

WRF, a prevalent comorbidity found in AHF patients (29), was

described as an increase in creatinine level of ≥0.3 mg/dl in the first

5 days compared to the baseline at hospital admission (30).

Traditionally, WRF represented the gold standard for assessing acute

kidney failure in patients with AHF (31). This analysis showed that

tolvaptan add-on therapy correlated with a more inferior incidence

of WRF compared to conventional therapy, as evidenced by a

significant disparity in creatinine change between the two levels in

Asian studies. Loop diuretics for decongestion may cause WRF by

rapidly decreasing blood volume. Stimulation of the RAA and

sympathetic nerve systems reduces renal perfusion and glomerular

filtration pressure, causing WRF (32). Therefore, the decreased

occurrence of WRF can be related to the reduced dosage of loop

diuretics, which is assisted by the aquaresis caused by tolvaptan.

Nowadays, a range of therapeutic drugs is employed as standard

therapy for HF. The effects of tolvaptan on mortality and morbidity

in patients with HF have not been thoroughly explained,

unlike ACE-I and beta-blockers, which have been established as

medications with a Class I recommendation and A level of

evidence (33). This study showed that add-on tolvaptan did not
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FIGURE 4

Contour-enhanced funnel plot and heat map for each efficacy and safety indicator.
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reduce rehospitalization and mortality of patients with HF during

therapy, consistent with a previous meta-analysis. While tolvaptan

might not reduce long-term mortality, it offers an opportunity for

the administration of diuretics at lower dosages, thereby mitigating

electrolyte disturbances and enhancing patient safety (34).

A different therapy for AHF utilizes a simultaneous nephron

blockade with thiazide diuretics and mineralocorticoid receptor

antagonists to allow decongestant use. The addition of these two

categories of medications is intended to augment the impact of

loop diuretics. Nevertheless, a large-scale clinical trial has

systematically assessed the efficacy of combining diuretics.

However, alternative combination therapy with diuretics, such as

nesiritide or renal dosage dopamine, fails to enhance decongestants

or renal function in AHF patients (35). On the other hand, there is

a scarcity of data on the effectiveness of tolvaptan when used

independently. The first study that examined the possibility of

using tolvaptan as a substitute for furosemide was RCT by Udelson

et al. (16), which revealed that tolvaptan, as monotherapy or in
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combination with loop diuretics, increased the urine volume and

reduced the body weight of HF patients without changes in the

blood electrolyte values. Several guidelines have endorsed the

utilization of tolvaptan in patients with AHF (35–38). The 2021

European Society of Cardiology (ESC) Guidelines explicitly state

that the therapy of dilutional hyponatremia caused by HF should

revolve around controlling the water intake using tolvaptan, a

vasopressin antagonist (35). Other Asian country guidelines

recommend tolvaptan as a supplementary therapy for AHF

patients who continue to experience congestion without

distinguishing sodium levels (36–38).

Several clinical outcomes (changes in BW within 48 h and

sodium and creatinine levels) suggested that location (non-Asia

and Asia) influenced heterogenicity. This might be associated

with current (epi)genome-wide connection analyses and HF.

Furthermore, it has been identified that genes, metabolites, and

pathways are associated with cardiovascular disease traits (39).

Scheen et al. (40) reported that pharmacogenomics showed
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potential in individualized medicine treatment based on genetic

and genomic data, thereby contributing to improvements in

precision drugs and personalized drug therapy.

To further explore the relationship between tolvaptan dosage and

various indicators, the NMA was conducted to compare low,

intermediate, and high dosages. The choice of dosage was based on

previous studies and consensus. The NMA resulted in diverse

results, suggesting that high-dosage tolvaptan tended to have the

highest likelihood of effectiveness in relieving dyspnea within 48 h

and reducing BW within 48 h and 7 days. Meanwhile, the

intermediate dosage indicated the highest probability of effectiveness

in relieving dyspnea within 24 h, reducing edema, increasing sodium

levels, and lowering the incidence of WRF. Low dosage only showed

the best efficacy in mortality outcomes. The NMA findings were

consistent with prior meta-analyses and guidelines, indicating that

the addition of tolvaptan at intermediate dosages had a protective

effect against WRF, but not at high dosages. The recommended

initial dose of tolvaptan for general AHF patients is 7.5 mg–15 mg

(36, 37, 41). Furthermore, multiple prior RCTs indicate that the

occurrence rates of dry mouth, dehydration, and developing

hypernatremia were higher in the 30 and 45 mg/day dose groups

compared to the 15 mg/day dose group (13, 18). Lower starting

dosages of tolvaptan are advised, especially for elderly individuals

who are more prone to developing hypernatremia (42). Thus, for

AHF add-on therapy, an intermediate dosage of tolvaptan, which is

15 mg/day, may be optimal.
5 Strengths and limitations

The NMA had several strengths distinct from other meta-

analyses. First, a comprehensive search across multiple databases in

all languages was conducted, minimizing the chance of overlooking

significant studies. Second, subgroup analysis was adopted by

grouping studies based on location and year, addressing

heterogeneity in various analyses. Third, the NMA was conducted

to determine the optimal dosage. The analysis independently

assessed the efficacy of each dosage instead of combining multiple

dosages into a single therapy group. Finally, sensitivity analysis was

performed using the leave-one-out method, facilitating the

identification of influential studies and assessing the robustness,

particularly in outcomes showing heterogeneity.

This study has several limitations. First, the lack of details

regarding conventional therapy, variations in diuretic dosages, and

follow-up durations could potentially impact the results. Second,

while analyzing the weight change within 7 days and

rehospitalization, it was discovered that the investigations had a very

high heterogenicity, and subgroup examination with further

parameters was precluded due to insufficient data. Third, our study

did not provide patient-centered outcomes, such as improvements in

the quality of life or functional status. In addition, there are no long-

term outcomes that compare tolvaptan’s efficacy across different

patient demographics in a specific area. These outcomes may

provide a more thorough perspective on tolvaptan’s benefits and a

demographic overview of the research findings. Unfortunately, there

is currently no original or primary study that incorporates these
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outcomes. Further research can be conducted to explore patient-

centered outcomes and investigate specific areas, such as performing

original research on each continent. Finally, the disparity in the

number of studies that used intermediate- and low-dosage tolvaptan

compared to high dosage could potentially influence the NMA results.
6 Conclusion

In conclusion, the tolvaptan add-on therapy for AHF patients

proved beneficial for the short-term relief of dyspnea, initial weight

reduction, edema reduction, increased sodium levels, and a reduced

incidence of WRF; however, it did not lead to a significant benefit in

lowering rehospitalization rates and mortality. The results suggested

that an intermediate dosage of tolvaptan (15 mg/day) could be

considered the optimal dosage for the majority of the outcomes.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Author contributions

VP: Writing – original draft, Writing – review & editing,

Conceptualization, Formal Analysis, Funding acquisition,

Investigation, Methodology, Project administration, Resources,

Software, Visualization. JB: Writing – original draft, Writing –

review & editing, Conceptualization, Data curation, Formal

Analysis, Investigation, Methodology, Software, Visualization. JT:

Writing – review & editing, Conceptualization, Supervision,

Validation. BW: Conceptualization, Investigation, Validation,

Visualization, Writing – review & editing. VA: Supervision,

Validation, Writing – review & editing. LD: Supervision,

Validation, Writing – review & editing.
Funding

The authors declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

I would like to express my gratitude to Dr. Elvan Wiyarta,
Dr. Gideon Sinaga, and Dr. Devin Hendrawan from Risetku for
their invaluable support throughout the journey of creating this
systematic review and network meta-analysis. Additionally, I
extend special thanks to Risetku, the leading Indonesian medical
edutech start-up, and its entire team for their assistance in
managing my article, which culminated in its publication in
this journal.
frontiersin.org

https://doi.org/10.3389/fcvm.2024.1367442
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Pratama et al. 10.3389/fcvm.2024.1367442
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Cardiovascular Medicine 10
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.

1367442/full#supplementary-material
References
1. Javaloyes P, Miró Ò, Gil V, Martín-Sánchez FJ, Jacob J, Herrero P, et al. Clinical
phenotypes of acute heart failure based on signs and symptoms of perfusion and
congestion at emergency department presentation and their relationship with
patient management and outcomes. Eur J Heart Fail. (2019) 21(11):1353–65.
doi: 10.1002/ejhf.1502

2. Simonavičius J, Knackstedt C, Brunner-La Rocca H-P. Loop diuretics in chronic
heart failure: how to manage congestion? Heart Fail Rev. (2019) 24(1):17–30. doi: 10.
1007/s10741-018-9735-7

3. Matsue Y, Suzuki M, Torii S, Yamaguchi S, Fukamizu S, Ono Y, et al. Clinical
effectiveness of tolvaptan in patients with acute heart failure and renal dysfunction.
J Card Fail. (2016) 22(6):423–32. doi: 10.1016/j.cardfail.2016.02.007

4. Kansara T, Gandhi H, Majmundar M, Kumar A, Patel JA, Kokkirala A, et al.
Tolvaptan add-on therapy and its effects on efficacy parameters and outcomes in
patients hospitalized with heart failure. Indian Heart J. (2022) 74(1):40–4. doi: 10.
1016/j.ihj.2021.12.003

5. Lin YH, Tsai CH, Chiang CE, Kuo JY, Yin WH, Wen MS, et al. The efficacy and
safety of short-term tolvaptan usage in patients with acute decompensated heart
failure. Acta Cardiol Sin. (2022) 38(6):700–13. doi: 10.6515/ACS.202211_38(6).
20220422A

6. Chitthai R, Saisa-ard J, Inkong P, Chaiprasert A, Nata N, Tasanavipas P, et al.
Benefit of add on low dose oral tolvaptan to loop diuretics among patients with
acute decompensated heart failure: randomized controlled trial. J Nephrol Soc Thail.
(2022) 28(2):50–59. Available online at: https://he01.tci-thaijo.org/index.php/JNST/
article/view/258804

7. Ng TMH, Grazette LP, Fong MW, Yoon AJ, Lou M, Kuo A, et al. Tolvaptan vs.
furosemide based diuretic regimens in patients hospitalized for heart failure with
hyponatremia (AQUA-AHF). ESC Heart Fail. (2020) 7(4):1927–34. doi: 10.1002/
ehf2.12783

8. Inomata T, Ikeda Y, Kida K, Shibagaki Y, Sato N, Kumagai Y, et al. Effects of
additive tolvaptan vs. Increased furosemide on heart failure with diuretic resistance
and renal impairment—results from the K-STAR study. Circ J. (2017) 82(1):159–67.
doi: 10.1253/circj.CJ-17-0179

9. Konstam MA, Kiernan M, Chandler A, Dhingra R, Mody FV, Eisen H, et al.
Short-term effects of tolvaptan in patients with acute heart failure and volume
overload. J Am Coll Cardiol. (2017) 69(11):1409–19. doi: 10.1016/j.jacc.2016.12.035

10. Felker GM, Mentz RJ, Cole RT, Adams KF, Egnaczyk GF, Fiuzat M, et al.
Efficacy and safety of tolvaptan in patients hospitalized with acute heart failure. J
Am Coll Cardiol. (2017) 69(11):1399–406. doi: 10.1016/j.jacc.2016.09.004

11. Tamaki S, Sato Y, Yamada T, Morita T, Furukawa Y, Iwasaki Y, et al. Tolvaptan
reduces the risk of worsening renal function in patients with acute decompensated
heart failure and preserved left ventricular ejection fraction—prospective
randomized controlled study. Circ J. (2017) 81(5):740–7. doi: 10.1253/circj.CJ-16-1122

12. Jujo K, Saito K, Ishida I, Furuki Y, Kim A, Suzuki Y, et al. Randomized pilot trial
comparing tolvaptan with furosemide on renal and neurohumoral effects in acute
heart failure. ESC Heart Fail. (2016) 3(3):177–88. doi: 10.1002/ehf2.12088

13. Shanmugam E, Doss CR, George M, Jena A, Rajaram M, Ramaraj B, et al. Effect
of tolvaptan on acute heart failure with hyponatremia—a randomized, double blind,
controlled clinical trial. Indian Heart J. (2016) 68(Suppl 1):S15–21. doi: 10. 1016/j.
ihj.2015.07.006

14. Kimura K, Momose T, Hasegawa T, Morita T, Misawa T, Motoki H, et al. Early
administration of tolvaptan preserves renal function in elderly patients with acute
decompensated heart failure. J Cardiol. (2016) 67(5):399–405. doi: 10.1016/j.jjcc.
2015.09.020

15. Matsuzaki M, Hori M, Izumi T, Asanoi H, Tsutamoto T. Effects of tolvaptan
on volume overload in Japanese patients with heart failure: results of a phase II,
multicenter, randomized, double-blind, placebo-controlled, parallel-group study.
Cardiovasc Drugs Ther. (2011) 25(Suppl. 1):S19–31. doi: 10.1007/s10557-011-
6303-y

16. Udelson JE, Bilsker M, Hauptman PJ, Sequeira R, Thomas I, O’Brien T, et al. A
multicenter, randomized, double-blind, placebo-controlled study of tolvaptan
monotherapy compared to furosemide and the combination of tolvaptan and
furosemide in patients with heart failure and systolic dysfunction. J Card Fail.
(2011) 17(12):973–81. doi: 10.1016/j.cardfail.2011.08.005

17. Udelson JE, McGrew FA, Flores E, Ibrahim H, Katz S, Koshkarian G, et al.
Multicenter, randomized, double-blind, placebo-controlled study on the effect of
oral tolvaptan on left ventricular dilation and function in patients with heart failure
and systolic dysfunction. J Am Coll Cardiol. (2007) 49(22):2151–9. doi: 10.1016/j.
jacc.2007.01.091

18. Gheorghiade M, Konstam MA, Burnett JC Jr., Grinfeld L, Maggioni AP,
Swedberg K, et al. Short term clinical effects of tolvaptan, an oral vasopressin
antagonist, in patients hospitalized for heart failure: the EVEREST clinical status
trials. JAMA. (2007) 297(12):1332–43. doi: 10.1001/jama.297.12.1332

19. Konstam MA, Gheorghiade M, Burnett JC Jr., Grinfeld L, Maggioni AP,
Swedberg K, et al. Effects of oral tolvaptan in patients hospitalized for worsening
heart failure: the EVEREST outcome trial. JAMA. (2007) 297(12):1319–31. doi: 10.
1001/jama.297.12.1319

20. Gheorghiade M, Gattis WA, O’Connor CM, Adams KF Jr., Elkayam U,
Barbagelata A, et al. Effects of tolvaptan, a vasopressin antagonist, in patients
hospitalized with worsening heart failure: a randomized controlled trial. JAMA.
(2004) 291(16):1963–71. doi: 10.1001/jama.291.16.1963

21. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. Br Med J.
(2011) 343:d5928. doi: 10.1136/bmj.d5928

22. Rouse B, Chaimani A, Li T. Network meta-analysis: an introduction
for clinicians. Intern Emerg Med. (2017) 12(1):103–11. doi: 10.1007/s11739-016-
1583-7

23. Nevill CR, Cooper NJ, Sutton AJ. A multifaceted graphical display, including
treatment ranking, was developed to aid interpretation of network meta-analysis. J
Clin Epidemiol. (2023) 157:83–91. doi: 10.1016/j.jclinepi.2023.02.016

24. Čerlinskaitė K, Javanainen T, Cinotti R, Mebazaa A. Acute heart failure
management. Korean Circ J. (2018) 48(6):463–80. doi: 10.4070/kcj.2018.0125

25. Minh NG, Hoang HN, Maeda D, Matsue Y. Tolvaptan add-on therapy to
overcome loop diuretic resistance in acute heart failure with renal dysfunction (DR-
AHF): design and rationale. Front Cardiovasc Med. (2021) 8:783181. doi: 10.3389/
fcvm.2021.783181

26. Zmily HD, Daifallah S, Ghali JK. Tolvaptan, hyponatremia, and heart failure.
IntJ Nephrol Renovasc Dis. (2011) 4:57–71. doi: 10.2147/IJNRD.S7032

27. Majure DT, Teerlink JR. Update on the management of acute decompensated
heart failure. Curr Treat Options Cardiovasc Med. (2011) 13:570–585. doi: 10.1007/
s11936-011-0149-2

28. Kim K-J. Vasopressin receptor antagonist, tolvaptan, for treating hyponatremia
in patients with heart failure. Cardiovasc Prevent Pharmacother. (2021) 3(1):10–14.
doi: 10.36011/cpp.2021.3.e3

29. Nhat MG, Hai HN, Ngoc-Hoa C. Renal kinetics in acute heart failure. Open
Heart. (2020) 7(1):e001173. doi: 10.1136/openhrt-2019-001173

30. Limkunakul C, Srisantithum B, Lerdrattanasakulchai Y, Laksomya T,
Jungpanich J, Sawanyawisuth K. Any heart failure treatments associated with
worsening renal function in patients admitted due to acute heart failure? Ren Fail.
(2021) 43(1):123–7. doi: 10.1080/0886022X.2020.1858100
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2024.1367442/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1367442/full#supplementary-material
https://doi.org/10.1002/ejhf.1502
https://doi.org/10.1007/s10741-018-9735-7
https://doi.org/10.1007/s10741-018-9735-7
https://doi.org/10.1016/j.cardfail.2016.02.007
https://doi.org/10.1016/j.ihj.2021.12.003
https://doi.org/10.1016/j.ihj.2021.12.003
https://doi.org/10.6515/ACS.202211_38(6).20220422A
https://doi.org/10.6515/ACS.202211_38(6).20220422A
https://he01.tci-thaijo.org/index.php/JNST/article/view/258804
https://he01.tci-thaijo.org/index.php/JNST/article/view/258804
https://doi.org/10.1002/ehf2.12783
https://doi.org/10.1002/ehf2.12783
https://doi.org/10.1253/circj.CJ-17-0179
https://doi.org/10.1016/j.jacc.2016.12.035
https://doi.org/10.1016/j.jacc.2016.09.004
https://doi.org/10.1253/circj.CJ-16-1122
https://doi.org/10.1002/ehf2.12088
https://doi.org/10. 1016/j.ihj.2015.07.006
https://doi.org/10. 1016/j.ihj.2015.07.006
https://doi.org/10.1016/j.jjcc.2015.09.020
https://doi.org/10.1016/j.jjcc.2015.09.020
https://doi.org/10.1007/s10557-011-6303-y
https://doi.org/10.1007/s10557-011-6303-y
https://doi.org/10.1016/j.cardfail.2011.08.005
https://doi.org/10.1016/j.jacc.2007.01.091
https://doi.org/10.1016/j.jacc.2007.01.091
https://doi.org/10.1001/jama.297.12.1332
https://doi.org/10.1001/jama.297.12.1319
https://doi.org/10.1001/jama.297.12.1319
https://doi.org/10.1001/jama.291.16.1963
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1007/s11739-016-1583-7
https://doi.org/10.1007/s11739-016-1583-7
https://doi.org/10.1016/j.jclinepi.2023.02.016
https://doi.org/10.4070/kcj.2018.0125
https://doi.org/10.3389/fcvm.2021.783181
https://doi.org/10.3389/fcvm.2021.783181
https://doi.org/10.2147/IJNRD.S7032
https://doi.org/10.1007/s11936-011-0149-2
https://doi.org/10.1007/s11936-011-0149-2
https://doi.org/10.36011/cpp.2021.3.e3
https://doi.org/10.1136/openhrt-2019-001173
https://doi.org/10.1080/0886022X.2020.1858100
https://doi.org/10.3389/fcvm.2024.1367442
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Pratama et al. 10.3389/fcvm.2024.1367442
31. Shirakabe A, Hata N, Kobayashi N, Okazaki H, Matsushita M, Shibata Y, et al.
Worsening renal function definition is insufficient for evaluating acute renal failure in
acute heart failure. ESC Heart Failure. (2018) 5(3):322–31. doi: 10.1002/ehf2.12264

32. Ronco C, Cicoira M, McCullough PA. Cardiorenal syndrome type 1:
pathophysiological crosstalk leading to combined heart and kidney dysfunction in
the setting of acutely decompensated heart failure. J Am Coll Cardiol. (2012) 60
(12):1031–42. doi: 10.1016/j.jacc.2012.01.077

33. Hardin EA, Grodin JL. Diuretic strategies in acute decompensated heart failure.
Curr Heart Fail Rep. (2017) 14(2):127–33. doi: 10.1007/s11897-017-0319-y

34. Gilotra NA, Russell SD. Arginine vasopressin as a target in the treatment of
acute heart failure. World J Cardiol. (2014) 6(12):1252–61. doi: 10.4330/wjc.v6.i12.
1252

35. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al.
2021 ESC guidelines for the diagnosis and treatment of acute and chronic heart failure.
Eur Heart J. (2021) 42(36):3599–726. doi: 10.1093/eurheartj/ehab368

36. Heart Failure Group of Chinese Society of Cardiology of Chinese Medical
Association, Chinese Heart Failure Association of Chinese Medical Doctor
Association, Editorial Board of Chinese Journal of Cardiology. Chinese guidelines
for the diagnosis and treatment of heart failure 2018. Zhonghua Xin Xue Guan
Bing Za Zhi. (2018) 46(10):760–89. doi: 10.3760/cma.j.issn.0253-3758.2018.10.004
Frontiers in Cardiovascular Medicine 11
37. Tsutsui H, Isobe M, Ito H, Ito H, Okumura K, Ono M, et al. JCS 2017/JHFS 2017
Guideline on Diagnosis and Treatment of Acute and Chronic Heart Failure—digest
version. Circ J. (2019) 83(10):2084–184. doi: 10.1253/circj.CJ-19-0342

38. Ariyachaipanich A, Krittayaphong R, Ayudhya R, Yingchoncharoen T,
Buakhamsri A, Suvachittanont N. Heart Failure Council of Thailand (HFCT) 2019
Heart Failure Guideline: introduction and diagnosis. J Med Assoc Thail. (2019) 102
(2):231–9.

39. Sun YV, Liu C, Staimez L, Ali MK, Chang H, Kondal D, et al. Cardiovascular
disease risk and pathophysiology in South Asians: can longitudinal multi-omics
shed light? Wellcome Open Res. (2020) 5:255. doi: 10.12688/wellcomeopenres.16336.1

40. Scheen AJ. Does race/ethnicity influence the impact of new glucose-lowering
agents on cardiovascular outcomes? A comparison between Asian versus white
patients. Ann Transl Med. (2022) 10(24):1418. doi: 10.21037/atm-2022-54

41. Luo X, Jin Q, Wu Y. Tolvaptan add-on therapy in patients with acute heart
failure: a systematic review and meta-analysis. Pharmacol Res Perspect. (2020) 8(3):
e00614. doi: 10.1002/prp2.614

42. Kinugawa K, Sato N, Inomata T, Yasuda M, Shibasaki Y, Shimakawa T. Novel
risk score efficiently prevents tolvaptan-induced hypernatremic events in patients
with heart failure. Circ J. (2018) 82(5):1344–50. doi: 10.1253/circj.CJ-17-0986
frontiersin.org

https://doi.org/10.1002/ehf2.12264
https://doi.org/10.1016/j.jacc.2012.01.077
https://doi.org/10.1007/s11897-017-0319-y
https://doi.org/10.4330/wjc.v6.i12.1252
https://doi.org/10.4330/wjc.v6.i12.1252
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.3760/cma.j.issn.0253-3758.2018.10.004
https://doi.org/10.1253/circj.CJ-19-0342
https://doi.org/10.12688/wellcomeopenres.16336.1
https://doi.org/10.21037/atm-2022-54
https://doi.org/10.1002/prp2.614
https://doi.org/10.1253/circj.CJ-17-0986
https://doi.org/10.3389/fcvm.2024.1367442
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	The role of tolvaptan add-on therapy in patients with acute heart failure: a systematic review and network meta-analysis
	Introduction
	Material and methods
	Literature search
	Study selection
	Outcomes
	Data extraction and quality assessment
	Statistical analysis

	Result
	Literature search and included studies
	Characteristics of the included studies and quality assessment
	Efficacy and safety indicators: clinical outcomes
	Effect of tolvaptan add-on therapy on dyspnea relief
	Effect of tolvaptan add-on therapy on reducing body weight within 48 h (BW 48 h) and 7 days (BW 7 days)
	Influence of tolvaptan add-on therapy on reducing edema
	Effect of tolvaptan add-on therapy on serum sodium and creatinine
	Effect of tolvaptan add-on therapy on mortality and rehospitalization

	NMA of the tolvaptan dosage effect subgroup
	Sensitivity analysis
	Publication bias

	Discussion
	Strengths and limitations
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


