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Abstract. The purpose of this study was to systematically 
search the literature and analyze evidence from random-
ized controlled trials (RCTs) comparing tolvaptan with 
conventional diuretics for postoperative fluid management 
in cardiac surgery patients. An electronic search of PubMed, 
Scopus, BioMed Central, CENTRAL (Cochrane Central 
Register of Controlled Trials) and Google scholar databases 
was carried out up to 1st December 2019. Four RCTs were 
included. Tolvaptan was co-administered with conven-
tional diuretics in all the studies. The mean postoperative 
urine output was significantly greater in patients receiving 
tolvaptan as compared to controls (MD=0.39; 95% CI: 
0.17 to 0.61; P=0.006, I2=48%). Body weight of patients on 
tolvaptan returned to pre‑operative levels significantly earlier 
(MD=-1.57; 95% CI: -2.48 to -0.66; P=0.007, I2=50%). There 
was statistical significant difference in the highest postopera-
tive serum sodium levels (MD=2.34; 95% CI: -1.65 to 3.03; 
p<0.00001, I2=0%), lowest serum sodium levels (MD=2.05; 
95% CI: 1.41 to 2.68; p<0.00001, I2=0%) and mean serum 
sodium levels (MD=1.69; 95% CI: 0.98 to 2.40; p<0.00001, 
I2=0%) between the tolvaptan and control groups. Lowest 
serum potassium was significantly higher with tolvaptan as 
compared to the control group (MD=0.10; 95% CI: 0.01 to 
0.18; P=0.03, I2=19%). There was no significant difference in 
the length of ICU stay or incidence of arrhythmias between 
the two groups. The quality of the included studies was not 
high. Within the limitations of our study, our results indicate 
that co-administration of tolvaptan with low dose of conven-
tional diuretics significantly increases urine output while 

maintaining electrolyte balance in postoperative cardiac 
surgery patients. Faster return of body weight to pre-operative 
levels is evident with tolvaptan. Further high-quality RCTs 
are required to confirm this evidence.

Introduction

Appropriate control of body fluids is extremely important 
while managing postoperative cardiac surgery patients. Any 
cardiac procedure involving or not involving cardiopulmonary 
bypass can cause a significant increase in total body water 
due to high fluid load (1). The surgical stress of the procedure 
and the use of extra-corporeal circulation also contribute to 
increased body water levels (2). Management of such patients 
has been primarily dependent on the use of loop diuretics such 
as furosemide, which is the drug of choice. However, continual 
use of loop diuretics is associated with several adverse effects 
including electrolyte disturbances, deterioration of kidney 
function and diuretic resistance (3). Furosemide acts on the 
thick ascending loop of Henle where it inhibits sodium reab-
sorption thereby leading to hyponatremia. Hyponatremia, in 
turn, reduces drug efficacy and an increased dose of furose-
mide is required for maintaining diuresis. Higher doses further 
aggravate hyponatremia, leading to an endless cycle (4). To 
overcome these limitations of loop diuretics, newer therapeutic 
agents have been developed.

Tolvaptan is an orally administered diuretic that selectively 
antagonizes vasopressin V2 receptors. The unique property 
of the drug is that it causes electrolyte-free diuresis (5). In a 
randomized placebo-controlled crossover trial of heart failure 
patients, Costello-Boerrigter et al (5) demonstrated the similar 
diuretic efficacy of tolvaptan and furosemide. However, unlike 
furosemide, tolvaptan was not associated with electrolyte 
imbalance and did not affect renal function. Due to its beneficial 
pharmacological properties, tolvaptan has been approved for 
managing heart failure patients with numerous studies estab-
lishing its efficacy and safety profile (6). Over the last decade, 
researchers have also evaluated the efficacy of tolvaptan for 
postoperative fluid management in cardiac surgery (1,7). In one 
of the earliest studies, Nishi et al (1) compared a prospective 
cohort of 64 heart valve patients managed using tolvaptan with 
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a historic control group of 55 patients managed with conven-
tional diuretics. The authors of that study found tolvaptan to 
be an effective diuretic without causing electrolyte disbalance 
or worsening of renal function. Other published retrospective 
observational studies have also reported similar results (7-9). 
However, a significant limitation of observational studies is the 
high risk of bias. The best possible evidence to guide clinical 
practice has always been in the form of a meta-analysis of 
randomized controlled trials (RCTs). Therefore, the aim of 
the present study was to systematically search the literature 
and analyze evidence from RCTs comparing tolvaptan with 
conventional diuretics for postoperative fluid management in 
cardiac surgery patients.

Materials and methods

Study selection and search strategy. We conducted this system-
atic review and meta-analysis following the guidelines of the 
PRISMA statement (Preferred Reporting Items for Systematic 
Reviews and Meta-analyses) (10) and the Cochrane Handbook 
for Systematic Reviews of Intervention (11). We followed 
the common medicine PICO (Population, Intervention, 
Comparison, Outcome) framework for selecting studies. This 
review included only randomized controlled trials (RCTs) 
conducted on adult patients undergoing any type of cardiac 
surgery (Population), and compared the efficacy (Outcomes) 
of tolvaptan (Intervention) with conventional diuretics 
(Comparison). Studies evaluating the use of tolvaptan without 
any cardiac surgical intervention, on the pediatric population 
and patients with kidney diseases were excluded. We also 
excluded non-randomized studies, retrospective observational 
studies, and case series.

An electronic literature search without any language or 
time restriction was carried out on PubMed, Scopus, BioMed 
Central, CENTRAL (Cochrane Central Register of Controlled 
Trials) and Google scholar databases up to 1st December 
2019. Keywords ‘Tolvaptan’, ‘Vasopressin receptor antago-
nist’, ‘surgery’, ‘cardiac surgery’, ‘diuretics’, and ‘randomised 
controlled trials’ were used in different combinations by two 
independent reviewers. Reference lists of eligible studies and 
pertinent review articles were hand‑searched for the identifica-
tion of any other studies.

Data extraction and outcomes. Search results were first 
screened by careful evaluation of titles and abstracts. Full-texts 
of selected trials were then obtained for further evaluation. 
Any discrepancies between the two reviewers were resolved 
by discussion. Using a standardized data collection sheet, data 
were extracted from the included trials by the two reviewers 
independently. We extracted names of study authors, year 
of the study, sample size, inclusion/exclusion criteria, demo-
graphic details of the sample, tolvaptan protocol, use of other 
diuretics and study outcomes. Corresponding authors were 
contacted for any missing data via emails.

The primary outcomes of interest were postopera-
tive urine output and the number of days for the return to 
pre‑operative body weight. Other secondary outcomes were 
serum levels of sodium and potassium, post-operative kidney 
function, length of ICU (intensive care unit) stay and new 
postoperative arrhythmias.

Risk of bias. Since the review included only RCTs, we utilized 
the Cochrane Collaboration risk assessment tool for quality 
assessment of the included trials (12). We rated studies 
for risk of bias on the following items: random sequence 
generation, allocation concealment, blinding of participants 
and personnel, blinding of outcome assessment, incomplete 
outcome data, selective reporting, and other biases. The risk 
of bias was presented as a summary chart with a green circle 
denoting low risk of bias, yellow circle denoting unclear risk 
of bias and red circle denoting a high risk of bias for the 
particular item.

Statistical analysis. Mean ± standard deviation (SD) values 
were extracted for continuous variables and the number of 
events for categorical variables. Studies in which continuous 
data were presented only in graphical format, Engauge 
Digitizer Version 12.1 was used to extract numerical values 
from study graphs by two independent reviewers. Considering 
the heterogeneity among studies, we used the random-effects 
model to pool data. Continuous variables were pooled using 
mean difference (MD) and 95% confidence interval (CI) while 
categorical data were summarised using the Mantel-Haenszel 
odds ratio (OR) and 95% CI. Meta‑analysis was conducted 
only if at least three studies reported data on the same scale. 
We assessed inter-study heterogeneity using the I2 statistic. 
Values of 25-50% represented low, 50-75% medium and 
>75% represented substantial heterogeneity. The software 
Review Manager (RevMan, version 5.3; Nordic Cochrane 
Centre [Cochrane Collaboration], Copenhagen, Denmark; 
2014) was used for conducting the statistical analysis. Since 
the number of studies was less than 10, publication bias was 
not assessed.

Results

The results of the literature search and selection process are 
denoted in Fig. 1. A total of 11 studies were screened by their 
full text. Five were excluded as they were not RCTs (1,7,9,13,14). 
One study was conducted on pediatric patients (15), and 
another on patients with chronic kidney disease (8). Finally, 
four studies were included in this systematic review and 
meta-analysis (2,16-18). Details of the included studies are 
presented in Table I. All four trials were conducted in Japan 
and published between January 2016 and February 2018. 
Patients with chronic renal disease were excluded from all the 
studies. The number of patients randomized to the tolvaptan 
group varied from 19 patients in one study to 147 patients in 
another trial. The mean age of included patients was more 
than 65 years in all the studies. The dose of tolvaptan was 
standard at 7.5 mg across trials but the duration of therapy 
varied. Tolvaptan was given as needed after 3 days, for a total 
of 5 days or until the body weight returned to pre-operative 
levels. Conventional diuretics were administered in both 
tolvaptan and control groups in all the studies. One trial 
studied tolvaptan in two separate groups of high dose (15 mg) 
and low dose (7.5 mg) (18). Data from the low dose group were 
extracted for this review.

Primary outcomes. Three trials reported data on urine 
output (2,17,18) and number of days to return to pre-operative 
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body weight (2,16,18) as mean ± SD. Mean post-operative 
urine output was significantly greater in patients receiving 
tolvaptan as compared to controls (MD=0.39; 95% CI: 0.17 to 
0.61; P=0.0006, I2=48%) (Fig. 2). Similarly, the body weight 
of patients on tolvaptan returned to pre-operative levels 
significantly earlier as compared to control group (MD=‑1.57; 
95% CI: -2.48 to -0.66; P=0.0007, I2=50%) (Fig. 3).

Secondary outcomes. Data on highest, lowest and mean serum 
sodium levels were available from three studies and were 
pooled separately (2,17,18). There was a statistically significant 
difference in the highest postoperative serum sodium levels 
(MD=2.34; 95% CI:-1.65 to 3.03; p<0.00001, I2=0%) (Fig. 4A) 
and lowest post-operative serum sodium levels (MD=2.05; 
95% CI: 1.41 to 2.68; p<0.00001, I2=0%) (Fig. 4B) between 
the tolvaptan and the control groups. Similarly, the mean 
postoperative serum sodium levels were significantly higher 
in the tolvaptan group as compared to the controls (MD=1.69; 
95% CI: 0.98 to 2.40; p<0.00001, I2=0%) (Fig. 4C). The study 
not included in the meta‑analysis also reported significantly 

higher levels of serum sodium from postoperative day 3 to 6 in 
patients receiving tolvaptan (16).

For serum potassium levels, data only on the lowest serum 
potassium level were available for a meta-analysis. Lowest 
serum potassium was significantly higher with tolvaptan as 
compared to control (MD=0.10; 95% CI: 0.01 to 0.18; P=0.03, 
I2=19%) (Fig. 5). Descriptive analysis of results from three 
studies indicated no significant difference in mean serum 
potassium levels between the two study groups (2,16,17).

There was no difference in the length of ICU stay 
(MD=-0.09; 95% CI: -0.44 to 0.26; P=43, I2=60%) (Fig. 6) and 
the number of new post-operative arrhythmias between the 
two groups (OR=0.92; 95% CI: 0.43 to 1.97; P=0.84, I2=0%) 
(Fig. 7).

Kidney function. In the absence of coherent data for a 
meta-analysis, kidney function outcomes from included 
studies are presented descriptively. Kato et al (17) measured 
blood urea nitrogen (BUN) and fractional excretion of 
urea nitrogen (FEUN) in both groups up to postoperative 

Figure 1. Study flow chart.
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day 7. There was no statistical significant difference in 
BUN between the two groups; however, FEUN was signifi-
cantly higher on postoperative day 2 and 5 in the tolvaptan 
group. In the study of Matsuyama et al (16), no significant 
difference was evident in serum creatinine and BUN levels 
between the two groups except on postoperative day 3 
when the levels were significantly lower in the tolvaptan 

group. Suehiro et al (18) found no significant difference in 
the highest serum creatinine levels between the two study 
groups. No other kidney function data was recorded in their 
trial. Kishimoto et al (2) evaluated the incidence of wors-
ening of renal function which was defined as an increase in 
the serum creatinine concentration of ≥0.3 mg/dl compared 
to the preoperative value at any given day until postopera-

Figure 4. Forrest plot for (A) Highest serum sodium level. (B) Lowest serum sodium level. (C) mean serum sodium level.

Figure 2. Forrest plot for urine output.

Figure 3. Forrest plot for days for body weight to return to pre-operative levels.

Figure 5. Forrest plot for lowest serum potassium level.
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tive day 5. The incidence of worsening renal function was 
significantly less in the tolvaptan group as compared to the 
control group.

Risk of bias analysis. Fig. 8 presents the authors' judgment of 
the risk of bias summary of included studies. The randomiza-
tion technique was clearly described by only one study (18). 
None of the trials were blinded. Selective reporting was 
observed in all except one trial (2).

Discussion

Patients undergoing cardiac surgery experience significant 
operative stress which leads to increased secretion of arginine 
vasopressin (AVP) (19). High levels of AVP act on the renal 
collecting duct causing excessive water reabsorption and 
subsequent water imbalance in the early postoperative period. 
Findings have shown that post-operative cardiac patients 
tend to have a higher level of serum AVP concentration as 
compared to non-cardiac surgery patients (20). Consequently, 
in view of increased water imbalance in this cohort, the 
appropriate and timely use of diuretics is extremely crucial 
to prevent morbidity and mortality. The purpose of this study 
was therefore to investigate the efficacy of tolvaptan, an 
aquaretic diuretic, which acts by selectively inhibiting AVP 
from binding to V2 receptors in the kidney and its role in 
cardiac surgery patients.

After a thorough literature search, a total of four RCTs 
were found to compare tolvaptan with loop diuretics for 
cardiac surgery patients. Importantly, patients randomized 
to tolvaptan were also given low doses of loop diuretics and 
therefore the results of this meta-analysis do not represent 
outcomes of singular tolvaptan administration. The primary 
outcome of our analysis was a significantly higher urine output 
and a lower number of days required to return to pre-operative 
body weight with tolvaptan. Our results concur with findings 
of studies on congestive heart failure (CHF) patients which 
also demonstrated higher urine output and a decrease in 
body weight when tolvaptan was added to standard diuretic 
therapy (21-23). However, although body weight tends to 
return to pre-operative levels after the 5th postoperative 
day (24), excessive fluid retention in the early period can 
cause a worsening of respiratory function due to pulmonary 
congestion. This, in turn, increases the duration of oxygenation 
and bed rest (2). It is postulated that higher urine output and 
faster return to pre-operative body weight with tolvaptan may 
contribute to faster patient ambulation as well as reduced ICU 
and hospital stay (2,25). However, in our analysis, we did not 
find any difference in ICU stay between the two study groups. 

Figure 6. Forrest plot for length of ICU stay.

Figure 7. Forrest plot for incidence of arrhythmia.

Figure 8. The risk of bias summary of included studies.
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Length of ICU stay could have been influenced by several 
other factors such as the type of surgical procedure, duration 
of surgery, and patient response to treatment.

An important secondary outcome of our study was post-
operative electrolyte levels. Loop diuretics, not only cause 
hyponatremia, but they also increase sodium transport to the 
distal tubule which stimulates the aldosterone-sensitive sodium 
pump, leading to potassium excretion and consequent hypoka-
laemia (4). Tolvaptan, in contrast to loop diuretics, is expected 
to maintain electrolyte levels with a water-only diuresis. Data 
from the included studies did not permit a per-day analysis 
of sodium and potassium levels and meta-analysis only for 
highest, lowest and mean sodium and lowest potassium 
levels were carried out in this study. Our results indicate 
that the highest, lowest, as well as mean sodium levels, were 
significantly higher in the tolvaptan group as compared to 
patients receiving only loop diuretics. The lower dose of loop 
diuretics and the use of tolvaptan probably resulted in higher 
sodium levels in the study group. Although hyponatremia is 
an independent predictor of postoperative complications after 
cardiac surgery (26), it is important to note that the lowest 
sodium levels in the control group were not below 135 mEq/l. 
Secondly, electrolyte-free diuresis with tolvaptan can lead to 
hypernatremia, which is a major side-effect (27). However, 
none of the four studies reported extreme hypernatremia with 
tolvaptan. The exception was Kishimoto et al (2) who reported 
sodium levels of >147 mEq/l in 5 patients with tolvaptan 
therapy, which returned to normal after discontinuation of the 
drug.

As with sodium, maintenance of serum potassium 
levels is also crucial in cardiac surgery patients. Significant 
hypokalaemia can lead to supraventricular and ventricular 
arrhythmias, which can increase morbidity, prolong 
hospital stay, and escalate healthcare expenses for a cardiac 
patient (28). Our results indicated that the lowest potassium 
levels were significantly higher with tolvaptan as compared 
to the control group, albeit with small effect size and the 
lower end of the CI close to zero (95% CI: 0.01-0.18). In addi-
tion, we found no difference in the incidence of arrhythmias 
between the two cohorts. The descriptive analysis revealed 
there was no difference in the mean potassium levels between 
the tolvaptan and control groups in any of the included 
studies. Absence of any effect of tolvaptan on potassium 
excretion and use of potassium-sparing diuretics along with 
furosemide may have prevented significant hypokalaemia in 
both groups.

An aggressive diuretic treatment has been associated with 
deterioration of renal function. Loop diuretics are known to 
inhibit sodium-chloride transport in the ascending Henle 
loop and increase flow in the distal nephron. This triggers 
tubulo-glumerular feedback causing constriction of the 
afferent arteriole and reduction in glomerular filtration rate 
(GFR) (29). On the other hand, tolvaptan has no influence 
on renal blood flow or GFR even in individuals with chronic 
kidney disease (30). One of the studies excluded from this 
review has demonstrated tolvaptan to be safe in chronic renal 
patients undergoing cardiac surgery (8). Similarly, studies on 
CHF patients have shown that tolvaptan prevents acute renal 
failure and reduces the amount of loop diuretic required for 
the management of such patients (31). The absence of coherent 

study variables and lack of data precluded a meta-analysis of 
kidney function in the current study. Three of the four included 
trials did not report any significant difference in serum creati-
nine and BUN levels between the two groups while only one 
trial (2) reported increased incidence of worsening of renal 
function in the control group. In the absence of sufficient 
high-quality studies, further trials are required to establish the 
reno-protective effect of tolvaptan in cardiac surgery patients.

The results of the present study should be interpreted with 
the following limitations. Firstly, only four RCTs were avail-
able for analysis for this review. The majority of the included 
RCTs had a small sample size. Secondly, the quality of the 
included trials was not high, which potentially downgrades the 
level of evidence from our results. Thirdly, there was method-
ological heterogeneity in the included studies for the surgical 
procedure, duration of tolvaptan therapy, and perioperative 
fluid management. Lastly, a meta‑analysis on renal function 
outcomes could not be conducted due to a lack of data.

Nevertheless, to the best of our knowledge, our study is 
the first meta‑analysis of only RCTs evaluating the efficacy of 
tolvaptan for cardiac surgery patients. The last meta-analysis 
on this topic was a pooled analysis of RCTs as well as 
observational studies (25). It omitted one of the four RCTs 
included in this review while including observational studies 
on pediatric patients and renal disease patients. Therefore, 
we believe the results of the present study provide the most 
optimal level 1 evidence on the role of tolvaptan in cardiac 
surgery patients. Within the limitations of the current study, 
the results indicate that co-administration of tolvaptan with 
low-dose of conventional diuretics significantly increases 
urine output while maintaining serum sodium and potassium 
levels in postoperative cardiac surgery patients. Faster return 
of body-weight to pre-operative levels is seen with tolvaptan. 
Further high-quality RCTs are required to provide stronger 
evidence on this topic.
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