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Background. The efficacy of hypertonic saline solution (HSS) combined with furosemide in treating acute heart failure is
controversial. This meta-analysis explores the efficacy of HSS combined with furosemide for the treatment of acute heart
failure. Methods. Literature were searched from databases, including PubMed, Web of Knowledge, Embase, Central, CMKI,
Wanfang, and VIP. The inclusion criteria were as follows: (1) subjects: patients with acute heart failure; (2) the experimental
group and the control group were properly set up; (3) intervention measures: patients in the experimental group were treated
with HSS + furosemide, and patients in the control group were treated with furosemide; (4) the outcomes included at least one
of the following indicators: readmission rate, mortality, 24 h urine volume, weight loss, and serum creatinine; and (5)
randomized controlled trial (RCT). The method recommended by Cochrane Collaboration Network was used to evaluate the
risk bias. The heterogeneity among the studies was evaluated through the chi-square test, and the publication bias was assessed
by the Egger test. The results were described using risk ratio (RR), mean difference (MD), and 95% confidence interval (CI).
Results. The readmission rate in the HSS + furosemide group was lower than that in the furosemide group (RR = 0:53, 95% CI
[0.46, 0.60], P < 0:00001), with no heterogeneity among the literature (P = 0:21, I2 = 29%). Patients in the HSS + furosemide
group had a lower mortality rate than that in the furosemide group (RR = 0:55, 95% CI [0.46, 0.65], P < 0:00001). The chi-
square test result indicated no heterogeneity among the literature (P = 0:25, I2 = 23%). Furthermore, the 24 h urine volume of
patients in the HSS + furosemide group was higher than that in the furosemide group (MD= 497:29, 95% CI [457.61, 536.96],
P < 0:00001). There was no heterogeneity among the literature (P = 0:58, I2 = 0%). In contrast, patients in the HSS
+ furosemide group demonstrated a lower serum creatinine level than those in the furosemide group (MD= −0:45, 95% CI
[-0.51, -0.39], P < 0:00001). However, heterogeneity was observed among the literature (P < 0:00001, I2 = 81%). The weight loss
in the HSS + furosemide group was higher than that in the furosemide group (MD= 1:83, 95% CI [1.51, 2.15], P < 0:00001).
There was no heterogeneity among the literature (P = 0:42, I2 = 2%). Egger test showed no publication bias among the
literature (P > 0:05). Conclusion. Despite the heterogeneity and bias in our study, the combination of HSS with furosemide is
promising in patients with acute heart failure. However, further research is still needed to confirm.

1. Introduction

The incidence rate and mortality of acute heart failure have
steadily increased due to aging populations [1, 2]. The gen-
eral purpose of treatment is to improve the symptoms of
acute heart failure, stabilize hemodynamics, maintain
important organ functions, avoid the recurrence of acute
heart failure, and improve the long-term prognosis [3–5].

Therefore, a customized individual treatment plan should
be formulated according to the inducement, severity, and
classification of basic cardiovascular disease and acute heart
failure [6–8].

The main measures for treating acute heart failure
include cardiotonic, diuretic, and vasodilation [9, 10]. The
use of diuretics can reduce edema symptoms and preload.
However, about 1/3 of patients may have diuretic resistance
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during treatment [9, 10]. Hence, the diuretic effect of
diuretics is weakened or disappeared before reaching the
treatment goal of reducing edema [11–14]. Diuretic resis-
tance is independently associated with total mortality, sud-
den death, and death from pump failure [15, 16]. It is
necessary to increase diuretics or use multiple diuretics in
combination to cope with diuretic resistance. Excessive use
of diuretics may accelerate the deterioration of renal func-
tion [15–18].

Some studies [15, 18, 19] have demonstrated that furose-
mide combined with hypertonic saline solution (HSS) could
protect patients’ renal function, thus increasing diuretic
effect and benefiting patients. However, the efficacy of HSS
combined with furosemide in treating acute heart failure is
controversial. Some studies [20] pointed out that the cura-
tive effects of combined use of HSS and simple use of furo-
semide on patients were similar since researchers observed
no significant difference in serum creatinine level, body
weight, and urine output between the two treatment regi-
mens. Therefore, this study aims to conduct a meta-
analysis to explore the efficacy of HSS combined with furo-
semide in treating acute heart failure.

2. Methods

2.1. Literature Search. The literature search was conducted
in the following databases, including PubMed, Web of
Knowledge, Embase, Central, CMKI, Wanfang, and VIP.
The starting and ending time of the literature search was
from the establishment of the database to June 16, 2022.
There was no restriction on the language of documents.

2.2. Literature Screening. The inclusion criteria were as fol-
lows: (1) subjects: patients with acute heart failure; (2) the
experimental group and the control group were set up; (3)
intervention measures: patients in the experimental group
were treated with HSS+ furosemide, and patients in the con-
trol group were treated with furosemide; and (4) the out-
comes included at least one of the following indicators:
readmission rate, mortality, 24 h urine volume, weight loss,
and serum creatinine, the readmission rate was the primary
endpoint, and the remaining indicators were secondary end-
points; and (5) randomized controlled trial (RCT).

The exclusion criteria were as follows: (1) animal exper-
iment, (2) repeated publications, (3) case reports or expert
comments, (4) unable to get a full text, and (5) key data
are missing and could not be supplemented by the contact
author.

2.3. Literature Evaluation and Data Extraction. Two
researchers independently reviewed and evaluated the title.
They abstracted each RCT according to the identified
retrieval strategy to select the literature that met the inclu-
sion criteria. The bias risk assessment of the selected RCTs
adopted the method recommended by the Cochrane Collab-
orative Network, namely, ① whether the random allocation
method was appropriate, ② whether the blind method was
adopted, ③ whether the allocation was concealled, ④

whether the baseline was comparable, and ⑤ whether to

describe withdrawal and loss of follow-up. Based on the
above criteria, the included studies were divided into three
levels: ① low bias: all quality evaluation criteria were fully
met, ② unclear: any one or more quality evaluation criteria
were only partially satisfied, and ③ high bias: any one or
more of the quality evaluations were completely unsatisfac-
tory. The extracted data mainly included the first author,
year of publication, number of cases, country, intervention
measures, baseline characteristics, and outcome indicators.
After completing the above work, two researchers cross-
checked and resolved their differences through discussion.

2.4. Statistical Analysis. RevMan5.2 software was used to
consolidate and analyze the data. The chi-square test was
used to determine whether there was heterogeneity among
the studies. The judgment criteria were as follows: if P ≥
0:1 and I2 ≤ 50%, it was considered that there was no hetero-
geneity between the literature, and the fixed effect model was
used for analysis. The larger the sample size, the larger the
variance of the effect size, and the larger the corresponding
weight distribution. If P < 0:1 and I2 > 50%, it was consid-
ered that there was heterogeneity between literature, and
the random effect model was selected. Subgroup analysis
was used to analyze the sources of heterogeneity. The publi-
cation bias was evaluated by the Egger test. Count data and
measurement data were expressed in risk ratio (RR) and
mean difference (MD), respectively. There is a 95% confi-
dence interval (CI) of the calculated results. Two-way P <
0:05 indicates statistically significant.

3. Results

A total of 834 literature were obtained through database
retrieval, 824 literature were excluded, and 10 studies were
finally included. The flow chart of literature screening is
shown in Figure 1. 10 articles included 2781 patients with
acute heart failure. Among them, 1388 patients were in the
HSS+ furosemide group, and 1393 patients were in the furo-
semide group. The basic characteristics of the literature and
the bias risk assessment are shown in Table 1.

3.1. Impact of HSS on Readmission Rate. 7 articles compared
the readmission rates of patients in the HSS+ furosemide
group and the furosemide group. The heterogeneity test
results (P = 0:21, I2 = 29%) indicated no heterogeneity
among the literature, and the fixed effect model was used.
The readmission rate in the HSS+ furosemide group was
lower than that in the furosemide group (RR = 0:53, 95%
CI [0.46, 0.60], P < 0:00001), as shown in Figure 2.

3.2. Impact of HSS on Mortality. 7 articles compared the
mortality of patients in the HSS+ furosemide group and
the furosemide group. The heterogeneity test results
(P = 0:25, I2 = 23%) indicated no heterogeneity among the
literature, and the fixed effect model was used. The mortality
of the HSS+ furosemide group was lower than that of the
furosemide group (RR = 0:55, 95% CI [0.46, 0.65], P <
0:00001), as shown in Figure 3.
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3.3. Effect of HSS on 24 h Urine Volume. The 24h urine vol-
ume of patients in the HSS+ furosemide group and the furo-
semide group was compared in 10 literature. The
heterogeneity test results (P = 0:58, I2 = 0%) indicated no
heterogeneity among the literature, and the fixed effect
model was used. The 24h urine volume in the HSS+ furose-
mide group was higher than that in the furosemide group
(MD= 497:29, 95% CI [457.61, 536.96], P < 0:00001), as
shown in Figure 4.

3.4. Effect of HSS on Serum Creatinine. The serum creatinine
levels of the HSS+ furosemide group and the furosemide
group were compared in 10 literature. The heterogeneity test
results (P < 0:00001, I2 = 81%) indicated heterogeneity
among the literature, and the random effect model was used.
Serum creatinine in the HSS+ furosemide group was lower
than that in the furosemide group (MD= −0:45, 95% CI
[-0.51, -0.39], P < 0:00001), as shown in Figure 5.

3.5. Effect of HSS on Weight Loss. The weight loss of the HSS
+ furosemide group and the furosemide group was com-
pared in 10 literature. The heterogeneity test results
(P = 0:42, I2 = 2%) indicated no heterogeneity among the lit-
erature, and the fixed effect model was used. The weight loss
in the HSS+ furosemide group was higher than that in the
furosemide group (MD= 1:83, 95% CI [1.51, 2.15], P <
0:00001), as shown in Figure 6.

3.6. Publication Bias Assessment. Egger test showed no pub-
lication bias in readmission rate, mortality, 24 h urine vol-
ume, serum creatinine, and weight loss (P > 0:05).

4. Discussion

Our meta-analysis showed that HSS combined with furose-
mide could increase 24 h urine volume and reduce body
weight and serum creatinine level in patients with acute
heart failure. Patients treated with HSS combined with furo-
semide had a lower readmission rate and mortality than
patients treated with furosemide alone.

Wan et al. [28] showed that HSS combined with furose-
mide could reduce the micturition volume and shorten the
hospitalization time of patients with moderate and severe
heart failure. Patients were followed up for 36 months and
found that the readmission rate and mortality in the HSS
+ furosemide group were lower than those in the furosemide
group. In addition, the treatment cost of the HSS+ furose-
mide group was lower than that of the furosemide group.
Licata et al. [19] showed that both HSS+ furosemide and
furosemide could more robustly increase the urine output
of patients as well as the effect of HSSs combined with furo-
semide. Furthermore, HSS combined with furosemide could
increase the serum sodium level, but furosemide had the
opposite effect. While furosemide could increase the serum
creatinine level, this phenomenon was not observed in the
HSS+ furosemide group. Both treatments increased serum
uric acid levels. Their study [19] followed the patients for
31 months. They found that the readmission rate of patients
treated with furosemide alone was higher, and the condition
at readmission was worse than that at first admission. The
mortality of patients treated with HSS+ furosemide was
lower than that of patients treated with furosemide. The lit-
erature published by Paterna et al. [27] in 2000 confirmed
the feasibility of the clinical application of HSS+ furosemide.
In that study, HSS+ furosemide could benefit patients in
hemodynamics. The hospitalization time of the HSS+ furo-
semide group was shorter than that of the furosemide group.
The weight loss of the HSS+ furosemide group was more
significant. In addition, HSS could protect the renal function
of patients with heart failure and reduce the grade of heart
failure. This effect could be sustained for a long time. In
the literature published in 2005, Paterna et al. [25] pointed
out that the daily urine output and sodium output of
patients in the HSS combined treatment group increased
compared to patients treated with furosemide alone. Both
treatment regimens reduced the level of BNP in patients.
However, the BNP level decreased faster and more signifi-
cantly in the HSS+ furosemide group. Therefore, HSS com-
bined therapy has shown advantages in shortening
hospitalization time and reducing the readmission rate.
Paterna et al. [26] also pointed out in the literature published
in 2011 that the use of HSS could benefit patients with
refractory heart failure for a long time. Compared with furo-
semide, HSS+ furosemide could reduce the hospitalization
time of patients. Paterna et al. [26] followed up the patients
for 57 months. During the follow-up, they found that the
readmission rate and mortality of patients in the HSS

Identification of studies via databases 

Records removed before
screening: 

Duplicate records removed 
(n = 261)

Full text unavailable
(n = 28)

Reports excluded:
Not RCT (n = 38)

Review literature (n = 14)
Critical data missing (n = 2)

Reports of included studies
(n = 10)

Reports assessed for
eligibility (n = 64)

Reports sought
for retrieval (n = 92)

Records screened (n = 573)

Records identified from:
Databases (n = 834)

Records excluded a�er 
reading abstract for deviation

from the subject (n = 481)

Figure 1: Document screening flow chart. RCT: randomized
controlled trial.

3Computational and Mathematical Methods in Medicine



+ furosemide group were lower than those in the furosemide
group. Serum creatinine and urea nitrogen in the furosemide
group were significantly higher than in the HSS+ furosemide

group. Parrinello et al. [23] pointed out that HSS could
reduce clinical symptoms, improve renal function, and
shorten the hospital stay of patients. HSS decreased serum

Table 1: Basic characteristics of literature and risk assessment of bias.

Author Year
No. of patients

Outcomes Risk of basis
HSS+ furosemide Furosemide

Issa et al. [21] 2013 20 12
Urine output, length of stay, readmission rate,
hospitalization cost, mortality, readmission time

Uncertain

Licata et al. [19] 2003 53 54
Urine output, serum creatinine, readmission rate,

mortality, body weight
Uncertain

Okuhara et al. [22] 2014 22 22
Urine output, brain natriuretic peptide, natriuretic capacity,

length of hospital stay, readmission rate, mortality
Low

Parrinello et al. [23] 2012 66 67 Length of hospital stay, readmission, and mortality Uncertain

Parrinello et al. [24] 2011 122 126
Urine volume, serum creatinine, readmission rate,

length of hospital stay, natriuretic capacity,
body weight, mortality

Uncertain

Paterna et al. [25] 2005 30 30
Brain natriuretic peptide, body weight,

urine volume, serum creatinine
Uncertain

Paterna et al. [26] 2011 48 46
Serum creatinine, body weight, length of stay,

readmission rate
Uncertain

Paterna et al. [27] 2000 881 890
Urine volume, serum creatinine, body weight,

readmission rate, mortality
Uncertain

Wan et al. [28] 2017 132 132
Urine volume, serum creatinine, body weight,

brain natriuretic peptide
Uncertain

Yayla et al. [20] 2015 14 14 Urine volume, serum creatinine, body weight Low

Note: HSS: hypertonic saline solution.
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Figure 2: Comparison of readmission rate between the HSS + furosemide group and the furosemide group. HSS: hypertonic saline solution.
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Figure 3: Comparison of mortality between the HSS + furosemide group and the furosemide group. HSS: hypertonic saline solution.
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troponin level and pulmonary capillary wedge pressure
(PCWP). The study also noted that HSS did not cause myo-
cardial damage. HSS could improve cardiac function, espe-
cially in diastolic volume and ejection fraction. Yayla et al.
[20] pointed out that the efficacy of combined use of HSS
and simple use of furosemide in patients was similar. There
was no significant difference in serum creatinine level, body

weight, and urine output between the two treatment regi-
mens. The combined use of HSS could shorten the hospital-
ization time of patients. Okuhara et al. indicated that the
24 h urine volume and creatinine clearance rate of the HSS
+ furosemide group were greater than those of the control
group, thus improving renal function. Parrinello et al. [24]
illustrated that the 24h urine output and sodium output of
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Figure 4: Comparison of 24 h urine volume between the HSS + furosemide group and the furosemide group. HSS: hypertonic saline
solution.
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Figure 5: Comparison of serum creatinine levels between the HSS + furosemide group and the furosemide group. HSS: hypertonic saline
solution.
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Figure 6: Comparison of weight loss between the HSS + furosemide group and the furosemide group. HSS: hypertonic saline solution.
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the HSS+ furosemide group were higher than those of the
furosemide group. Therefore, HSS combined with furose-
mide could significantly improve the renal function of
patients. Both treatments can reduce PCWP, but HSS com-
bined with furosemide is more effective. The study also indi-
cated that BNP was positively correlated with PCWP. Issa
et al. [21] studied and compared the levels of biomarkers
of renal function in the HSS+ furosemide group and furose-
mide group. They suggested that HSS+ furosemide could
significantly improve patients’ renal function.

This study has some limitations. First, there was a risk of
bias in the literature included in the analysis, which might
affect the results. And there were differences in research
objects and intervention measures in various literature,
which might be the source of heterogeneity. Secondly, the
outcome indicators included in our analysis were limited,
and we could not comprehensively evaluate the efficacy of
HSS combined with furosemide in patients with acute heart
failure. Third, the results obtained by subgroup analysis
according to age, gender, and severity of heart failure are
more clinically instructive. However, we were limited by lit-
erature information and were unable to perform such sub-
group analyses. Fourth, this study failed to retrieve relevant
studies in recent years, and the literature included in the
analysis was outdated, which may have a certain impact on
the results.

In conclusion, despite the heterogeneity and bias in our
study, the combination of HSS with furosemide is promising
in patients with acute heart failure. However, further
research is still needed to confirm.
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