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Abstract
Introduction  Acute decompensated heart failure (ADHF), with an incidence of 1–2%, is a clinical syndrome with signifi-
cant morbidity and mortality despite therapeutic advancements and ongoing clinical trials. A recent therapeutic approach 
to patients with ADHF includes combination therapy with hypertonic saline solution (HSS) and furosemide, based on the 
hypothesis that resistance to loop diuretics occurs because of achievement of plateau in water and sodium excretion in patients 
receiving long-term loop diuretic therapy.
Objective  Our aim was to conduct a meta-analysis to evaluate the efficiency of combination HSS plus furosemide therapy in 
patients with ADHF in terms of mortality, readmissions, length of hospital stay, kidney function, urine output, body weight, 
and B-type natriuretic peptide (BNP).
Methods  A total of 14 studies—four observational and ten randomized studies (total 3398 patients)—were included in the 
meta-analysis.
Results  Our results demonstrate the superiority of combination HSS plus furosemide therapy over furosemide alone in terms 
of kidney function preservation (mean creatinine difference − 0.33 mg/dL; P < 0.00001), improved diuresis (mean differ-
ence [MD] 581.94 mL/24 h; P < 0.00001) and natriuresis (MD 57.19; P < 0.00001), weight loss (MD 0.99 kg; P < 0.00001), 
duration of hospital stay (MD − 2.72 days; P < 0.00001), readmissions (relative risk 0.63; P = 0.01), and mortality (relative 
risk 0.55; P < 0.00001). However, no difference in BNP levels was detected (MD 19.88 pg/mL; P = 0.50).
Conclusion  Despite the heterogeneity and possible risk of bias among the studies, results appear promising on multiple 
aspects. A clear need exists for future randomized controlled trials investigating the role of combination HSS plus furosemide 
therapy to clarify these effects and their possible mechanisms.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4025​6-020-00453​-7) contains 
supplementary material, which is available to authorized users.
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Key Points 

Hypertonic saline with furosemide therapy might be a 
promising therapy in heart failure.

Combination of hypertonic saline with furosemide 
decreases mortality and length of hospital stay.

1  Introduction

The European Society of Cardiology defines congestive heart 
failure (CHF) as a clinical syndrome characterized by signs 
and symptoms of pulmonary and systemic congestion, includ-
ing dyspnea, orthopnea, pretibial edema, hepatomegaly, and 
jugular venous distention, caused by cardiac dysfunction [1]. 
The prevalence rate of CHF is 1–2% and increases consid-
erably with age, and the World Bank estimates that annual 
medical spending for treatment of CHF is $US108 billion [2, 
3]. Patients with decompensated heart failure (HF) are more 
likely to have comorbid conditions, with valvular heart dis-
eases (44%), atrial flutter or fibrillation (30%), diabetes melli-
tus (40%), and renal diseases (30%) being the most commonly 
encountered [4–7]. In-hospital and 1-year post-discharge mor-
tality rates of hospitalized patients with decompensated HF are 
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high at 4–11% and 20–36%, respectively, in large-scale stud-
ies [8–10]. Intravenous loop diuretics and vasodilators are the 
most common therapeutic approach, whereas inotropic agents 
or vasopressors may be preferred in cases with low systolic 
blood pressure or features of cardiogenic shock [11]. Given 
the ongoing high mortality rates, novel therapeutic approaches, 
including levosimendan (a calcium-sensitizing agent), nesir-
itide (a recombinant human brain natriuretic peptide [BNP]), 
and istaroxime (stimulator of sarcoplasmic reticulum calcium 
adenosine triphosphatase isoform 2a), have been proposed as 
potential therapies [12]. Another novel approach is the com-
bination of hypertonic saline solution (HSS) with furosemide. 
This is based on the hypothesis that resistance to loop diuretic 
occurs because of achievement of plateau in water and sodium 
excretion in patients receiving long-term loop diuretic therapy, 
which is referred as “chronic braking” therapy [13]. Another 
mechanism of diuretic resistance is the functional adaptation 
of the distal tubule regarding transporters or prevention of 
intravascular volume depletion [14–16]. Potential beneficial 
effects with HSS in clinical trials include improved cardiac 
biomarkers, weight loss, symptom resolution, increased urine 
output, and improved kidney function. However, results vary 
significantly among studies, and there exists a clear need to 
re-evaluate the evidence, taking into account the potential 
impacts on clinical practice.

In this meta-analysis, we aim to evaluate the efficiency of 
HSS plus furosemide therapy in patients with decompensated 
HF in terms of mortality, readmissions, length of hospital stay, 
kidney function, urine output, body weight, and BNP levels.

2 � Methods

We conducted a literature review and meta-analysis accord-
ing to the methods specified by the Cochrane Collaboration 
and Quality of Reporting of Meta-Analyses (QUOROM) 
[17]. We used Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) to guide reporting 
of this study [18].

2.1 � Literature Search

The literature search for this meta-analysis was performed 
up to 25 May 2020 and included three databases: Embase 
(Elsevier), the Cochrane Central Register of Controlled 
Trials (Wiley), and PubMed/MEDLINE Web of Science. 
The following terms and their combinations were used: 
acute heart failure, heart failure, decompensated heart fail-
ure, heart failure with reduced ejection fraction, heart fail-
ure with preserved ejection fraction, systolic heart failure, 
diastolic heart failure, pulmonary congestion, furosemide, 

hypertonic saline, saline, saline infusion, hypertonic saline 
infusion, loop diuretics, diuretics, treatment, and therapy. 
The titles and abstracts of each study were independently 
evaluated by two authors (S.C. and B.A.), with consensus 
reached after detailed examination of the study and discus-
sion of conflicts with the third author. In addition, we hand 
searched journals, conference proceedings, and current 
awareness alerts without applying language restrictions.

After preliminary elimination of the studies by evalua-
tion of the titles and abstracts, full texts were independently 
assessed by each author. Selected studies and references of 
the included studies were further evaluated.

2.2 � Inclusion and Exclusion Criteria

All randomized controlled trials (RCTs) and observational 
studies with retrospective or prospective designs inves-
tigating the efficiency of HSS with furosemide infusion 
in patients with acute decompensated HF and published 
in a peer-reviewed journal in English before June 2020 
were included in this meta-analysis. We excluded studies 
that were not considered original articles (i.e., systematic 
reviews, meta-analyses, editorials, and commentaries), 
studies with missing data or inadequate descriptions of out-
comes, study types not listed in the inclusion criteria, studies 
lacking clear methodology (i.e., case reports, case series), 
and unpublished data.

Outcome measures in the meta-analyses included mor-
tality; readmissions; length of hospital stay; kidney func-
tion, measured as serum creatinine value, urine output, and 
natriuresis; body weight, and BNP levels. Figure 1 shows 
the details of the study selection procedure.

2.3 � Quality Assessment

The Newcastle–Ottawa Scale was utilized for the obser-
vational studies included in this meta-analyses. This scale 
includes three main criteria for evaluation: selection of 
study groups, comparability of groups, and assessment 
of outcomes. Nine stars indicates the highest-quality 
research. For RCTs, we assessed the risk of bias in the 
included studies by standard domains of the risk of bias 
tool developed by the Cochrane Collaboration [17]. Qual-
ity assessment of each study was mediated via consensus 
decision of the authors (S.C. and B.A.).

2.4 � Statistical Analysis

We used a random-effects model for meta-analysis and 
expressed treatment effects as relative risks (RRs) with 
95% confidence intervals (CIs) for dichotomous outcomes 
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(readmissions, long-term mortality, in-hospital death) and as 
mean differences (MDs) for continuous outcomes with 95% 
CIs (kidney function, diuresis, and urinary sodium, BNP, 
body weight loss, length of hospital stay). We converted 
median and interquartile ranges to means and standard devi-
ations and converted standard errors to standard deviations 
using standard formulas [19–21].

We used the I2 statistic to assess for inconsistency across 
individual studies [22]. An I2 > 50% indicated a large hetero-
geneity that was not explained by chance. If a sufficient num-
ber of studies were identified, subgroup analysis was used 
to explore possible sources of heterogeneity. All statistical 
analyses were performed using Review Manager version 5.3 
(The Cochrane Collaboration 2012) [23].

Fig. 1   Details of study selection process for the meta-analyses as shown by PRISMA flow chart
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3 � Results

We included 14 studies (four observational [24–27] and ten 
randomized [28–37]) in our final analysis, with a total of 
3398 included patients (minimum 32 [29], maximum 1927 
[35]). The treatment arm consisted of HSS plus furosemide. 
The concentrations of the administered HSS were reported 
as follows: 1.4–4.6% [26, 30, 33–35], 1.7% [27, 31], 1.95% 
[36], 2.4% [28], 2.8% [37], 3% [24, 25, 32], and 7.5% [29]. 
None of the included studies reported the mean dosage of 
HSS. However, one study [25] reported a mean of 5.1 ± 2 
doses of HSS, and another [24] reported a median of three 
doses of HSS. Only one study used carperitide for the con-
trol arm [27]; all other studies used furosemide alone. In 
addition, only one study [25] reported the administration of 
seven doses of metolazone during standard and experimental 
treatment. Four studies used high doses of furosemide [24, 
26, 30, 33], with all other studies using conventional doses.

Only two of the included studies reported outcomes as 
changes per day of treatment [24, 25]; all others reported the 
outcomes as MDs between groups or between baseline and 
post-intervention values measured at different times across 
the study (24 h [31], 4 days [29], 5 days [28], 6 days [32], 
8 days [26], and discharge [27, 30, 33–37]). When necessary, 
we calculated the MD between the pre- and post-interven-
tion groups.

3.1 � Outcome Measures Reporting

3.1.1 � Kidney Function

Eleven studies (nine randomized [28–36] and two obser-
vational [24, 25]) evaluated the effect on renal function of 
adding HSS to furosemide. As shown in Fig. 2, the com-
bined therapy preserved renal function, leading to an overall 

decrease of serum creatinine in the HSS plus furosemide 
arm from admission to discharge (MD − 0.33 mg/dL [95% 
CI − 0.42 to − 0.23]; P < 0.00001).

Given the increased heterogeneity (χ2 = 291.17; I2 = 97%; 
P < 0.00001), we also separately analyzed the effect of 
HSS treatment on renal function without the two studies 
reporting daily changes in serum creatinine. There was a 
trend for a further decrease in serum creatinine levels in the 
HSS + furosemide arm (MD − 0.45 mg/dL [95% CI − 0.51 
to − 0.39]; P < 0000.1) (Fig. 1 in the electronic supplemen-
tary material). We also performed a separate analysis after 
removing studies that used high doses of furosemide [24, 
30, 33]. The beneficial effect of the administration of HSS 
plus furosemide was slightly attenuated (MD − 0.25 mg/dL 
[95% CI − − 0.48 to − 0.03]; P = 0.003).

3.1.2 � Diuresis and Urinary Sodium

To assess the efficacy of adding HSS to furosemide, we eval-
uated two outcomes: diuresis (mL/24 h) and urinary sodium 
(mEq/24 h). Seven RCTs [30–35, 37] and one observational 
study [24] reported daily diuresis in both arms, allowing us 
to calculate the MD between them. In both groups (1436 
subjects treated with HSS plus furosemide and 1465 treated 
with furosemide), an increase in daily diuresis was observed, 
with 581 mL per 24 h higher volumes in the intervention 
group (MD 581.94  mL/24  h [95% CI 495.94–667.94]; 
P < 0.00001). When analyzing separately the studies that 
used conventional doses of furosemide, a further increase 
in daily diuresis was observed (MD 620.82 mL/24 h [95% 
CI 510.79–730.86]; P < 0.00001). Urinary sodium varia-
tion with treatment was reported in five randomized stud-
ies [30–33, 35]. HSS administration led to a significant 
increase in natriuresis (MD 57.19 [95% CI 47.56–66.82]; 
P < 0.00001) (Fig. 3). After removing the two studies that 

Fig. 2   Forest plot of the included studies for kidney function. CI confidence interval, HSS hypertonic saline solution, IV inverse variance, SD 
standard deviation
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used high doses of furosemide [30, 33], a trend towards a 
smaller increase in natriuresis was observed (MD 46.9 [95% 
CI 41.14–52.66]; P < 0.00001).

3.1.3 � B‑Type Natriuretic Peptide

Variations in BNP levels were reported in four RCTs [29, 
34, 35, 37] and one observational study [26] that included 
1347 subjects treated with HSS and furosemide and 1276 
subjects treated with furosemide alone. Four studies [26, 
34, 35, 37] reported BNP values in pg/mL and showed a 
reduction in BNP levels in the HSS plus furosemide group. 
One study [29] did not mention the unit used to measure 
BNP and showed no change in BNP levels between the two 
groups. Overall, the meta-analysis did not find a significant 

difference between the two groups (MD 19.88 pg/mL [95% 
CI − 37.93 to 77.68]; P = 0.50) (Fig. 4).

3.1.4 � Body Weight Loss

In total, 12 studies (nine RCTs [28–36] and three obser-
vational [24, 25, 27]) reported data for change in body 
weight. Overall, treatment with HSS led to more substantial 
weight loss than control (MD 0.99 kg [95% CI 0.59–1.39]; 
P < 0.00001) (Fig. 5). After excluding studies that used high 
doses of furosemide [24, 30, 33], there was a trend towards 
lower body weight loss (MD 0.96 kg [95% CI 0.32–1.6]; 
P = 0.003).

Fig. 3   Forest plot of the included studies for diuresis and natriuresis. CI confidence interval, HSS hypertonic saline solution, IV inverse variance, 
SD standard deviation

Fig. 4   Forest plot of the included studies for brain natriuretic peptide. CI confidence interval, HSS hypertonic saline solution, IV inverse vari-
ance, SD standard deviation
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3.1.5 � Length of Hospital Stay

The length of hospital stay was reported in ten studies (eight 
RCTs [28, 30, 32–37] and two observational [26, 27]) as 
MDs between the HSS (n = 1579) and the control group 
(n = 1580). In two studies [26, 28], the length of hospitali-
zation was higher in the HSS group (MD 0.12 days [95% 
CI − 2.15 to 2.39] and 0.36 days [95% CI − 0.52 to 1.24], 
respectively). Overall, treatment with HSS significantly 
reduced the length of hospital stay, by approximately 3 days 
(MD −2.72 days [95% CI − 3.59 to − 1.86]; P < 0.00001) 
(Fig. 6). After excluding studies that used high doses of furo-
semide [26, 30, 33], the length of hospital stay was further 
reduced in the HSS arm (MD − 3.13 days [95% CI − 4.18 
to − 2.08]; P < 0.00001).

3.1.6 � Readmissions

The number of readmissions was reported in four studies 
(three RCTs [30, 33, 35] and one observational study [27]). 
Notably, there were 210 events in the HSS-treated group 
(20.5%) and 400 events in the control group (37.03%). 
Thus, the use of HSS was associated with a reduction in 
the risk of readmission of 37% compared with the control 
arm (RR 0.63 [95% CI 0.44–0.9]; P = 0.01) (Fig. 7).

Excluding the study by Licata et al. [30] led to a loss 
of statistical significance (RR 0.62 [95% CI 0.32–1.18]; 
P = 0.14), as did excluding the study by Paterna et al. 
[35] (RR 0.65 [95% CI 0.33–1.25]; P = 0.20). Moreover, 
excluding studies that used high doses of furosemide [30, 
33] resulted in no significant statistical difference between 
the two arms (RR 0.7 [95% CI 0.4–1.25]; P = 0.23).

Fig. 5   Forest plot of the included studies for body weight loss. CI confidence interval, HSS hypertonic saline solution, IV inverse variance, SD 
standard deviation

Fig. 6   Forest plot of the included studies for length of hospital stay. CI confidence interval, HSS hypertonic saline solution, IV inverse variance, 
SD standard deviation
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3.1.7 � Mortality

Five studies (four randomized [30, 33, 35, 37] and one 
observational [27]) reported long-term mortality, and two 
studies (one RCT [29] and one observational [27]) reported 
in-hospital death. Overall, we performed the analysis in 2338 
patients and found 174 deaths in the HSS group and 322 in 
the control group (15.19 vs. 26.99%, respectively). The risk 
of long-term mortality was 45% lower in patients treated 
with HSS than in controls (RR 0.55 [95% CI 0.47–0.65]; 
P < 0.00001). On the other hand, the risk of in-hospital death 
was 46% higher in the HSS arm, but data were available for 
only 207 patients (RR 1.46 [95% CI 0.70–3.07]; P = 0.32) 
(Fig. 8). The risk of long-term mortality was 40% lower in 
patients who were treated with HSS and conventional doses 
of furosemide (RR 0.60 [95% CI 0.43–0.89]; P = 0.002).

3.1.8 � Risks of Bias

All trials had serious limitations because of a risk of bias 
in most of the domains evaluated. Most were at high risk of 
selection bias, and outcome assessors were not blinded in 
80% of studies. Outcome reporting seemed to be selective 
in almost 50% of the included studies.

4 � Discussion

Our meta-analysis, which included 14 studies and 3398 
patients, indicated that treatment with HSS plus furo-
semide in patients with decompensated HF had positive 
effects on mortality, mean hospital stay, renal function, and 
readmissions.

Fig. 7   Forest plot of the included studies for readmissions. CI confidence interval, HSS hypertonic saline solution, M-H Mantel–Haenszel

Fig. 8   Forest plot of the included studies for mortality. CI confidence interval, HSS hypertonic saline solution, M-H Mantel–Haenszel
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Decompensated HF is a clinical condition with high 
morbidity and mortality that may develop in patients 
with or without preexisting cardiovascular comorbidi-
ties. Intravenous loop diuretics, including furosemide, 
are the most commonly administered medication in such 
cases. However, mortality rates remain relatively high. 
In this meta-analysis, we demonstrated that intravenous 
administration of HSS with furosemide in patients with 
acute decompensated HF led to shorter mean hospital 
stays, lower mortality rates, fewer readmissions, and sig-
nificant improvements in serum creatinine levels, 24-h 
urine output, and weight loss compared with intravenous 
furosemide therapy alone. Although the exact mechanism 
of action of HSS is unclear, a few hypotheses have been 
generated. Furosemide reaches the intraluminal site of 
nephrons, where it exerts its function via active secretion 
from proximal tubules. Most patients with decompensated 
HF develop hypovolemia and decreased renal blood flow 
(RBF), which impairs the active secretion process [38]. 
Administration of HSS increases intraluminal furosemide 
concentrations, 24-h diuresis, urinary sodium levels, and 
urinary osmolarity [39]. Another aspect of reduced RBF 
is the over-activation of the tubuloglomerular feedback 
mechanism, which may be defined as vasomotor response 
to tubular osmolarity and sodium concentrations detected 
by macula densa cells [40]. For correction of such com-
pensatory feedback mechanisms, HSS treatment as well 
as many other drugs that may attract extravascular volume 
towards intravascular compartments, such as mannitol and 
dextran, have been proposed [41, 42].

Additionally, reduced RBF and load of tubular volume 
and solute may cause a shift in renal plasma flow, which 
may be reversible via administration of HSS [43, 44]. The 
importance of that shift depends upon the presence of deep 
medullary nephrons with well-developed loop of Henle in 
medullary in contrast to cortical nephrons. Moreover, HSS 
caused a decrease in plasma renin activity and atrial natriu-
retic peptide levels [45].

Increased myocardial contractility with HSS may be 
another possible reason for the observed outcomes. Indeed, 
HSS improved myocardial contractility in experimental 
models [46]. It has also been shown that HSS improved car-
diac contractile function during sepsis by preserving calcium 
handling [47].

HSS may also have anti-inflammatory actions, as evi-
denced by inhibition of neutrophil activation and infil-
tration in lungs [48]. Furthermore, HSS can ameliorate 
organ dysfunction in severe sepsis caused by cecal liga-
tion and puncture, and this is mediated via its antioxidant 
and anti-inflammatory effects [49]. Anti-apoptotic actions 
of HSS have also been demonstrated [50]. Lastly, it has 

been hypothesized that HSS with furosemide attenuates 
the possible harmful effects of neuro-hormonal excitation 
that occurs in HF [15].

The results of this meta-analyses offer the potential 
for changes to management guidelines for decompensated 
HF. In addition to improvements in clinical outcomes, 
such as readmissions and mean length of hospital stay, 
HSS offers potential improvements in renal function, 
which is one of the primary poor predictive factors for 
adverse outcomes [51]. Baseline urine urea nitrogen/
creatinine ratio, a prognostic factor in patients with HF, 
has been shown to be the strongest predictor of HSS 
treatment-related diuretic response [52]. A retrospective 
analysis of 58 diuretic therapy-refractory patients with 
decompensated HF demonstrated that administration of 
HSS improved serum creatinine levels, total urinary out-
put, and body weight loss, a change that was statistically 
significant, without any significant pulmonary or neu-
rological adverse effects [53]. This study is crucial as 
it provides further clinical evidence for the use of HSS. 
Additionally, HSS administration reduces serum levels of 
many proinflammatory cytokines, including tumor necro-
sis factor-α and interleukin (IL)-6 and IL-1β, providing 
evidence that HSS therapy may reverse the inflammatory 
response that develops in response to congestion, edema, 
and tissue injury [54]. An increasing level of scientific 
evidence favors the use of HSS in the management of 
decompensated HF. Nevertheless, comprehensive multi-
center large-scale clinical trials are required to reach a 
definitive conclusion. Also, the possible role of confound-
ing factors, including comorbidities frequently present in 
patients with HF, such as diabetes mellitus, renal diseases, 
and arrhythmia, should not be overlooked in study groups 
(Tables 1, 2). 

We included 14 studies in this meta-analyses, with 
ten RCTs, which is considerably more than in previ-
ous meta-analyses. We also included more clinical and 
laboratory parameters in the qualitative analysis [40, 
55]. Limitations of our study include the exclusion of 
severe renal disorders, which is a common comorbidity 
in patients with long-standing HF, possible variations in 
baseline serum electrolyte levels among participants, and 
possible bias associated with the high number of stud-
ies performed by the same research group. It should be 
noted that two of the included studies [30, 35] reported 
different long-term sodium intake regimens for the HSS 
and furosemide group and the control group (120 and 80 
mmoL/day, respectively). It could be concluded that the 
long-term effects could be solely due to differences in 
sodium restriction. Other important limitations of our 
analysis include the use of different protocols for the 
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administration of hypertonic saline solutions, the limited 
number of patients included, and the increased heteroge-
neity of the studies.

In conclusion, the intravenous administration of HSS 
with furosemide in patients with acute decompensated HF 
may result in shorter mean hospital stays, lower mortality 
rates, fewer readmissions, and significant improvements 
in serum creatinine levels, 24-h urine output, and weight 
loss compared with intravenous furosemide therapy alone.
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