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Abstract

Loop diuretics are essential in the treatment of patients with heart failure (HF) who develop 

congestion. Furosemide is the most commonly used diuretic; however, some randomized 

controlled trials (RCTs) have shown varying results associated with torsemide and furosemide 

in terms of hospitalizations and mortality. We performed an updated meta-analysis of currently 

available RCTs comparing furosemide and torsemide to see if there is any difference in 

clinical outcomes in patients treated with these loop diuretics. PubMed, MEDLINE, Cochrane, 

and Embase databases were searched for RCTs comparing the outcomes in patients with HF 

treated with furosemide versus torsemide. The primary end points included all-cause mortality, all-

cause hospitalizations, cardiovascular-related hospitalizations, and HF-related hospitalizations. A 

random-effects meta-analysis was performed to estimate the risk ratio (RR) with a 95% confidence 

interval (CI). A total of 10 RCTs with 4,127 patients (2,088 in the furosemide group and 2,039 

in the torsemide group) were included in this analysis. A total of 56% of the patients were 

men and the mean age was 68 years. No significant difference was noted in all-cause mortality 

between the furosemide and torsemide groups (RR 1.02, 95% CI 0.91 to 1.15, p = 0.70); however, 

patients treated with furosemide compared with torsemide had higher risks of cardiovascular 

hospitalizations (RR 1.36, 95% CI 1.13 to 1.65, p = 0.001), HF-related hospitalizations (RR 

1.65, 95% CI 1.21 to 2.24, p = 0.001), and all-cause hospitalizations (RR 1.06, 95% CI 1.01 to 

1.11, p = 0.02). In conclusion, patients with HF treated with torsemide have a reduced risk of 

hospitalizations compared with those treated with furosemide, without any difference in mortality. 

These data indicate that torsemide may be a better choice to treat patients with HF.
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Heart failure (HF) continues to be a major clinical and public health problem worldwide.1 

According to the 2017 to 2020 National Health and Nutrition Examination Survey, around 

6.7 million people in the United States aged >20 years had HF, a 10% increase from 6 

million in 2015 to 2018.2 The average health care cost of HF in the United States is $31 

billion every year, which is projected to increase to $50 billion in 2030, with an increase in 

the aging population.3,4

Loop diuretics, such as bumetanide, furosemide, and torsemide, are the preferred diuretic/

decongesting agents in most patients with HF.5–7 Furosemide is the most commonly 

used loop diuretic for HF treatment, although bumetanide and torsemide have a higher 

oral bioavailability than furosemide.8–10 Torsemide may improve left ventricular diastolic 

function and myocardial fibrosis, but there was no significant difference observed in 

mortality compared with furosemide in patients with HF.11–13 Meta-analyses of randomized 

controlled trials (RCTs) have shown conflicting results in terms of mortality and 

readmissions.14,15 The recently published TRANSFORM-HF (Torsemide Comparison With 

Furosemide for Management of Heart Failure) is the largest trial to date comparing 

furosemide and torsemide.16 It showed no difference in the outcomes of patients after 

being admitted for HF. We performed an updated meta-analysis of the currently available 

RCTs comparing furosemide and torsemide to assess the clinical outcomes, including the 

TRANSFORM-HF trial.

Methods

We searched the currently available RCTs that were published until January 30, 2023, 

in the PubMed, MEDLINE, Cochrane, and Embase databases using search terms such as 

“furosemide,” “torsemide,” “diuretics,” and “heart failure” in various combinations. Only 

the RCTs comparing furosemide and torsemide in adult patients with HF and reporting at 

least 1 clinical outcome of interest were included. The main exclusion criteria were studies 

with a nonrandomized design and postmarketing analysis of previous RCTs.

The study reports were screened for eligibility, the risk of bias was assessed, and data were 

collected independently by 2 reviewers (SD and SG). Differences between the reviewers 

were resolved after a discussion with the third reviewer (SS). Baseline characteristics of 

the eligible RCTs and the patients were collected: type of HF, number (n) of patients, 

age, male percentage, follow-up duration, dose and route of furosemide/torsemide, major 

inclusion/exclusion criteria, baseline New York Heart Association class, co-morbidities 

such as hypertension, diabetes mellitus, coronary artery disease, myocardial infarction, 

and previous HF admissions. The primary end points were all-cause mortality, all-cause 

hospitalizations, cardiovascular (CV) hospitalizations and HF-related hospitalizations. In 

addition, brain natriuretic peptide/N-terminal pro-brain natriuretic peptide (pg/ml) levels 

were compared at follow-up.
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We conducted this analysis according to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines.17 The meta-analysis was performed 

using the Cochrane Review Manager, version 5.4 (Cochrane, London, United Kingdom).18 

Pooled risk ratios (RRs) for dichotomous variables and standardized mean difference 

for continuous variables, along with 95% confidence intervals (CIs) were calculated for 

different clinical end points using the random-effects model with the Mantel-Haenszel 

method. A p <0.05 was considered statistically significant. Heterogeneity between the 

studies was calculated using the I-squared statistic (considered significant if I2 >50%). 

Forest plots were generated for individual clinical end points to depict the differences 

between the furosemide and torsemide arms. A sensitivity analysis was performed for all the 

outcomes by excluding each trial from the analysis.

Results

The initial search revealed 149 studies, of which 10 RCTs fulfilling the inclusion criteria 

were included in the meta-analysis.9,11,16,19–25 The search strategy is described in the 

PRISMA flow diagram (Figure 1). A total of 4,127 patients, with 2,088 in the furosemide 

group and 2,039 in the torsemide group, were included (Table 1). The duration of the follow-

up varied from 3 to 18 months. A total of 7 studies had patients with chronic HF, and 3 

studies had patients with acute on chronic HF. A total of 56% of the patients were men, and 

the mean age was 68 years (Table 2). For the studies that reported co-morbidities, 55% of 

the patients had hypertension, 56% had diabetes mellitus, 42% had previous coronary artery 

disease, 30% had previous myocardial infarction, and 35% had previous HF admissions. No 

significant publication bias was observed for the outcomes using funnel plots and Egger and 

Beggs analyses (Supplementary Figure 1).

A total of 9 RCTs reported data on all-cause mortality, with 444 events in the furosemide 

group (n = 2,064) and 429 events in the torsemide group (n = 2,023). There was no 

significant difference in the all-cause mortality between the 2 arms (RR 1.02, 95% CI 0.91 

to 1.15, p = 0.70). There was no significant heterogeneity among the studies (I2 = 0%) 

(Figure 2).

The data for hospitalizations were divided into 3 categories: all-cause hospitalizations, 

CV hospitalizations, and HF-related hospitalizations. Of the 1,951 patients in the 

furosemide arm and 1,936 in the torsemide arm, a total of 1,188 and 1,117 all-cause 

hospitalizations were reported, respectively. The furosemide group had a marginally higher 

risk of hospitalizations (RR 1.06, 95% CI 1.01 to 1.11, p = 0.02) (Figure 3). The CV 

hospitalizations (RR 1.36, 95% CI 1.13 to 1.65, p = 0.001, I2 = 0%) and HF-related 

hospitalizations (RR 1.65, 95% CI 1.21 to 2.24, p = 0.001, I2 = 0%) were significantly 

higher in the patients treated with furosemide (Figure 3). There was no significant study 

heterogeneity observed for any outcome.

No significant difference was found with respect to brain natriuretic peptide/N-terminal 

pro-brain natriuretic peptide levels in the furosemide and torsemide groups at follow-

up (standardized mean difference 0.34, 95% CI −0.07 to 0.76, p = 0.10, I2 = 44%) 

(Supplementary Figure 2). The sensitivity analysis for primary end points by excluding 
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each trial is listed in Table 3 and risk of bias summary is shown in Figure 4. The number 

needed to treat for torsemide with respect to HF hospitalizations was found to be 12.

Discussion

Our meta-analysis of 4,127 patients with HF from 10 RCTS showed that the torsemide 

group had a significantly lower number of hospitalizations (all-cause, CV-related, and HF-

related hospitalizations) than the furosemide group, with no difference in all-cause mortality.

The current guidelines recommend loop diuretics for the management of congestion in 

patients with HF.5 Furosemide has long been the drug of choice, but comparisons with 

torsemide started as early as 1986.26 Torsemide was shown to be better in natriuresis, 

ameliorating cardiac sympathetic nerve activity and left ventricular remodeling, and 

reversing myocardial fibrosis.27–29 However, no difference was found between the 2 drugs 

with respect to all-cause mortality (8.7% vs 8%, p = 0.845) or CV mortality (4.9% 

vs 8%, p = 0.331) in an RCT by Noe et al.19 Stroupe et al20 subsequently reported 

reduced hospitalizations with torsemide versus furosemide related to HF (18.3% vs 34) 

and all CV causes (37.6% vs 58%). Similarly, another study showed improvements in HF 

hospitalizations (17% vs 32%, p = 0.01) and CV hospitalizations (59% vs 44%, p = 0.03) 

with torsemide compared with furosemide.9 However, these studies suffered from a small 

sample size and lack of power. On the contrary, the post hoc analyses from 2 large scale 

trials showed no differences in 30-day mortality or hospitalizations between the furosemide 

and torsemide groups; patients in the torsemide arm had greater severity of HF.13,30 In the 

recent largest clinical trial to compare the 2 medications by Mentz et al16 (TRANSFORM-

HF), 2,859 patients were randomly allocated to the furosemide and torsemide groups. No 

significant difference was observed in all-cause mortality (hazard ratio [HR] 1.02, 0.89 to 

1.18), total hospitalizations (RR 0.94, 0.84 to 1.07), and the composite outcomes of all-cause 

mortality or all-cause hospitalizations at 30 days (HR 0.94, 0.75 to 1.18) and 12 months (HR 

0.92, 0.83 to 1.02).

Our results are similar to the results of TRANSFORM-HF and other trials in terms 

of mortality; however, we found an improvement in hospitalizations with torsemide use 

compared with furosemide. This could be explained by the higher variability in absorption 

and natriuretic activity of furosemide as opposed to torsemide.9 This is in contrast with the 

meta-analysis by Kido et al31 that reported no difference in rehospitalizations or mortality 

(the studies had heterogeneity ranging from I2 = 40% to 79%). Furthermore, the recent 

meta-analysis by Eid et al15 also failed to show any clinical benefit with torsemide compared 

with furosemide in HF. The difference in the observed results may be explained by the larger 

sample size and no heterogeneity among the studies in our analysis.

There are a few limitations to our meta-analysis. First, because this is a trial-level analysis, it 

is susceptible to the biases as the individual trials. Second, 1 of the studies initially randomly 

allocated patients to the 2 medications but later changed both groups to furosemide, which 

could have affected the overall clinical outcomes during the follow-up.22 Third, the studies 

included combined populations of acute and chronic HF, with substantial crossover during 

rehospitalizations, making it challenging to determine the benefits of torsemide in an 
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acute scenario. Fourth, because most of the studies had combined patient populations with 

preserved and reduced ejection fractions, we were unable to assess the impact of baseline 

ejection fraction on the rate of hospitalizations. Similarly, a subanalysis to evaluate the effect 

of additional classes of diuretics, such as metolazone, could not be performed owing to the 

lack of patient-level data. An ongoing active trial (TRANSFORM-HF Ancillary Mechanistic 

Study) may help to understand the mechanisms of the diuretic’s benefits by examining blood 

and urine proteomic protein clusters.32

In conclusion, our meta-analysis showed that treatment with torsemide in patients with 

HF is associated with a lower prevalence of hospitalizations (all-cause, CV-related, and 

HF-related) than furosemide, without any difference in mortality. Although 12 patients need 

to be treated with torsemide (needed to treat) to prevent 1 additional HF hospitalization 

compared with furosemide, switching the patients to torsemide would still be beneficial in 

reducing health care costs by decreasing the total HF readmissions because the medications 

are formulary and not expensive.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
PRISMA 2020 flow diagram depicting the search strategy.
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Figure 2. 
Forest plot showing all-cause mortality in furosemide and torsemide groups. M-H = Mantel-

Haenszel.
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Figure 3. 
Forest plot showing hospitalizations in the furosemide and torsemide groups. (A) All-cause 

hospitalizations. (B) CV-related hospitalizations. (C) HF-related hospitalizations. M-H = 

Mantel-Haenszel.
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Figure 4. 
Risk of bias summary. M-H = Mantel-Haenszel.
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