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Abstract

Background

It has been a matter of much debate whether the co-administration of furosemide and albu-

min can achieve better diuresis and natriuresis than furosemide treatment alone. There is

inconsistency in published trials regarding the effect of this combination therapy. We, there-

fore, conducted this meta-analysis to explore the efficacy of furosemide and albumin co-

administration and the factors potentially influencing the diuretic effect of such co-

administration.

Methods

In accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analy-

ses (PRISMA) guidelines, we searched the PubMed, Embase, Medline, and Cochrane data-

bases. Prospective studies with adult populations which comparing the effect of furosemide

and albumin co-administration with furosemide alone were included. The outcomes includ-

ing diuretic effect and natriuresis effect measured by hourly urine output and hourly urine

sodium excretion from both groups were extracted. Random effect model was applied for

conducting meta-analysis. Subgroup analysis and sensitivity analysis were performed to

explore potential sources of heterogeneity of treatment effects.

Results

By including 13 studies with 422 participants, the meta-analysis revealed that furosemide

with albumin co-administration increased urine output by 31.45 ml/hour and increased urine

excretion by 1.76 mEq/hour in comparison to furosemide treatment alone. The diuretic effect

of albumin and furosemide co-administration was better in participants with low baseline

serum albumin levels (< 2.5 g/dL) and high prescribed albumin infusion doses (> 30 g), and
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the effect was more significant within 12 hours after administration. Diuretic effect of co-

administration was better in those with baseline Cr > 1.2 mg/dL and natriuresis effect of co-

administration was better in those with baseline eGFR < 60 ml/min/1.73m2.

Conclusion

Co-administration of furosemide with albumin might enhance diuresis and natriuresis effects

than furosemide treatment alone but with high heterogeneity in treatment response. Accord-

ing to the present meta-analysis, combination therapy might provide advantages compared

to the furosemide therapy alone in patients with baseline albumin levels lower than 2.5 g/dL

or in patients receiving higher albumin infusion doses or in patients with impaired renal func-

tion. Owing to high heterogeneity and limited enrolled participants, further parallel random-

ized controlled trials are warranted to examine our outcome.

Registration

PROSEPRO ID: CRD42020211002; https://clinicaltrials.gov/.

Introduction

The loop diuretic furosemide is commonly used for the management of fluid overload.

Although it shows high potency in terms of free water clearance and natriuresis, diuretic resis-

tance is still inevitable in situations complicated by decreased kidney function, hypoalbumine-

mia, use of nonsteroidal anti-inflammatory drugs (NSAIDs), or congestive heart failure [1–3].

Furosemide is a highly protein-bound organic acid, and that more than 95 percent of furose-

mide in plasma is bound to albumin. This protein-bound fraction of furosemide reaches the

anion transporters at the proximal tubule epithelial cells via blood circulation and then it is

translocated into their action sites, the tubule lumen of the ascending limbs of Henle’s loop

[4]. However, although physiological theory and the results of animal models consistently sup-

port the conclusion that furosemide and albumin co-administration could increase the secre-

tion of active form of furosemide in the renal tubular lumen [1–3,5,6], the evidence from

clinical trials supporting such co-administration has remained ambiguous. In 1987, Inoue and

his colleagues had first proposed that hypoalbuminemia influences the potency of furosemide

and that the co-administration of albumin and furosemide could increase the diuretic response

in comparison to furosemide alone in both animal and human models [5]. According to the

animal study by Pichette et al., the serum albumin level affects the renal metabolic clearance of

furosemide. Hypoalbuminemia, which can in turn result in reduced levels of the active form of

furosemide in tubular secretions [6]. Although hypoalbuminemic individuals who were resis-

tant to diuretics also achieved diuresis through the co-administration of furosemide and albu-

min in the aforementioned studies, other clinical studies and previously published meta-

analyses were unable to confirm that phenomenon [7–12]. Because furosemide and albumin

constitute a common combination therapy in clinical practice, the inconclusive evidence sup-

porting it, its high cost, and the anaphylactic risk of albumin have motivated us to seek stron-

ger evidence to support its use.

Therefore, in the present study, we investigated the efficacy of furosemide and albumin co-

administration through an updated meta-analysis, including an exploration of factors that

might interfere with the diuretic effect of furosemide and albumin co-administration.
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Methods

Literature searches and data sources

Online literature searches of the PubMed, EMBASE, Medline, and Cochrane databases were

performed. This database search was last updated on October 18, 2020. The search strategy tar-

geted published clinical trials, including conference abstracts that compared the diuretic effects

of furosemide with albumin and furosemide alone in adult populations. The PubMed and

EMBASE databases were searched using the terms “furosemide” OR “Lasix”(brand name for

furosemide) OR “diuretics” AND “hypoalbuminemia” OR “albumin” limited to the criteria

“clinical trials” and “human”. The detailed results of that search process are provided in S1

Table. The Medline database was searched using the terms “furosemide” OR “loop diuretics”

AND “hypoalbuminemia” OR “albumin” limited to “all adults”. No language restrictions were

applied.

Study selection

Two investigators (T.H. Lee and J.J. Chen) independently evaluated the titles and abstracts of

the retrieved studies, and articles were excluded upon initial screening if their titles or abstracts

indicated that they were clearly irrelevant to the objective of the current study. Full-text

reviews of the articles deemed potentially relevant were then performed to assess their eligibil-

ity for inclusion in the meta-analysis. For inclusion in the systematic review, a study had to

meet the following criteria: (i) have a study population consisting of adults and have a prospec-

tive design, (ii) allocate patients to furosemide or furosemide with albumin treatment groups,

and (iii) report one of the following outcomes: urine output rate or cumulative urine amount,

urine sodium excretion rate, or cumulative sodium excretion amount. Any disagreement

regarding the eligibility of the full-text articles was resolved by consensus. We have registered

our study design and protocol in PROSPERO, the present study was approved by the editorial

team of PROSPERO: CRD42020211002.

Data extraction and quality assessment

Data extracted from each of the included studies included the publication year, study design,

index disease, sample size, mean age of participants, baseline serum albumin and creatinine

levels (if no baseline creatinine levels were reported, the estimated glomerular filtration rate

was recorded), pharmacist intervention (furosemide and albumin dosage), outcome of interest

(urine output rate or urine sodium excretion rate), and exclusion and inclusion criteria, all of

which were independently extracted by two investigators. The study quality of any randomized

control trials was assessed using the Revised Cochrane Risk-of-Bias tool for randomized trials

(RoB 2) [13,14], an assessment tool developed by the Cochrane Collaboration. A bias assess-

ment of crossover trials was also conducted according to the Cochrane Handbook for System-

atic Reviews of Interventions with a modified RoB 2 [14]. To assess the confidence levels for

each outcome effect estimate, evidence quality was rated as high risk, some concerns, or low

risk. Disagreements among two investigators (T.H. Lee and J.J. Chen) were resolved by con-

sensus with another author (G.K.).

Outcome measures

Outcomes of interest were urinary output and urinary sodium excretion of furosemide com-

bined with albumin in comparison with furosemide alone. Most of the included studies

reported cumulative urine output at 6 hours, 8 hours, or 24 hours. Two studies reported urine

output rates in milliliters per minute (ml/min). Similarly, urine sodium excretion levels were
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reported in different ways in the included studies as cumulative urinary sodium excretion

amount within 4 hours, 6 hours, 8 hours, or 24 hours. Therefore, we analyzed urine output

and urine sodium excretion as urine output rate (ml/hour) and urinary sodium excretion rate

(mEq/hour). For these two continuous outcomes, the mean with standard deviation of the

hourly urine output or hourly sodium excretion was extracted and calculated from the

included studies.

Statistical analysis

In this meta-analysis, the differences in urine output and urinary sodium excretion between the

intervention and control groups were defined as the primary outcome measures. For parallel

design trials, the mean difference, standard deviations (SD) of the mean difference, and standard

error of mean difference were calculated from the reported outcomes of the intervention and con-

trol groups. For crossover trials, we assumed that there were no carry-over and period effects. The

treatment effect was defined as within-individual mean difference between the intervention and

control management for crossover trials. Owing to neither within-individual difference and stan-

dard deviation of within-individual difference nor the standard error for the within-individual dif-

ferences being reported in the included crossover trials, we then imputed a correlation coefficient

of 0.5 to obtain the standard error of within-individual mean difference [14–17]. The data from

individual studies were pooled using the random effect model. Outcomes from parallel and cross-

over studies were extracted and analyzed using the generic inverse variance method (metagen
function in the meta package) [18]. Heterogeneity was examined via I2 index, with I2< 25%, 25–

50%, and> 50% indicating mild, moderate, and high heterogeneity, respectively. Sensitivity anal-

yses were performed to assess the robustness of results. Each sensitivity analysis was performed by

excluding studies with outlier results, studies with high risk of bias, or studies with crossover

designs. To explore possible sources of treatment effect heterogeneity, subgroup analyses were

performed by examining whether different treatment effects existed across the following variables:

(1) different index diseases, (2) exclusion or inclusion of AKI patients, (3) baseline serum creati-

nine level (> 1.2 mg/dL or� 1.2 mg/dL), (4) baseline serum albumin level (� 2.5 g/dL or< 2.5

g/dL), (5) prescribed intravenous furosemide dose (� 60 mg or< 60 mg), (6) prescribed albumin

dose (� 30 g or< 30 g), (7) duration of observation (� 12 hours or> 12hours), and (8) baseline

eGFR (� 60 ml/min/1.73m2 or< 60 ml/min/1.73m2). The differences in treatment effect were

tested between subgroups, and a p-value< 0.1 indicated a potential subgroup effect [18,19].

Three studies reported dose of albumin based on body weight; therefore, we assumed baseline

body weight 60 kg and considered the prescribed albumin dose at least 30g in these three studies

(Akcicek, 1995; Ghafari, 2011; Sjöström, 1989) [9,20,21]. Publication bias was assessed using fun-

nel plots. In general, a two-sided P value< 0.05 was considered statistically significant. Risk of

bias plots were created by using an online resource: Risk-of-bias VISualization [19,22]. This meta-

analysis was conducted with R version 4.0.3 (2020-10-10) [23]. The quality of evidence for the

treatment effect of albumin and furosemide co-administration in this meta-analysis was assessed

based on the guidelines of the GRADE Working Group methodology [24]. We summarized the

results in a table, which was constructed using the online GRADE Profiler (S2 Table) [24].

Results

Search results and study characteristics

The study selection process is shown in S1 Fig. The comprehensive search identified 156

potentially eligible studies from the PubMed database, 123 potentially eligible studies from the

EMBASE database,132 potentially eligible studies from the Medline database, and 1 potentially

eligible study from the Cochrane database. After screening the titles and abstracts of these
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potentially eligible studies, 23 full-text articles were further assessed for eligibility. After

excluding 10 studies for having non-adult populations, duplicate cohorts, and different out-

comes of interest, 13 studies were ultimately included in our analysis. Review articles and

meta-analyses were not included in our analysis, but their references were screened and

searched for relevant studies. The details of the search strategy, search results, and reasons for

study exclusion are summarized in S1 Fig and S3 Table.

The included trials were published between 1987 and 2020, with crossover designs used in

9 of the studies and parallel-group designs used in 4 of the studies. Combining all the studies,

data for a total of 422 individuals were analyzed. The population studied included patients

with nephrotic syndrome, liver cirrhosis, hypoalbuminemia of unspecified cause and critically

ill (ICU) patients. The majority of studies reported at least one of the following forms of data:

urine output rate or urine output volume, urinary sodium excretion rate, or cumulative excre-

tory sodium amount. Table 1 presents the basic characteristics of the included study patients,

and Table 2 presents the outcomes of the 13 included studies.

Risk of bias

The results of the estimated risk of bias of the included trials based on the RoB 2 tool developed

by the Cochrane Collaboration are summarized in S2 and S3 Figs. Some sources of potential bias

included the following: (i) eight of the included trials had high risk of bias related to domain 1

and (ii) three of the included studies had high risk of bias related to domain 3, including two stud-

ies (Nakamura, 2013; Mahmoodpoor,2020) that reported missing outcome data due to incom-

plete participant data but did not provide the relevant details and one study (Akcicek,1995) that

excluded 4 of 12 participants because of factors that might have influenced the outcome data

[9,10,30]. The outcome measurement methods used in all of the included trials had no diagnostic

detection bias, and there were no studies that had multiple eligible outcome measurements within

the outcome domain, yielding the low risk in measurement outcomes and results reported. Over-

all, four of the included studies were considered to have high risk of bias (Akcicek, 1995; Inoue,

1987; Nakamura, 2013; Mahmoodpoor, 2020) [5,9,10,30]. Publication bias was assessed by funnel

plot and no significant asymmetry was detected (S4 & S5 Figs)

Effect on urine output of furosemide and albumin in comparison to

furosemide alone

Among the 13 included studies, 5 studies reported the urine output amount within 6 to 8 hours

after the administration of furosemide alone or the co-administration of furosemide with albu-

min, 5 studies reported the urine output amount within 24 hours, and 3 studies reported the

urine output rate after treatment. Considering the different methods of reporting urine output

among the studies, we unified the reported urine output amounts with different time interval into

hourly urine output rates in order to undertake further analysis. The meta-analysis showed that

the co-administration of furosemide with albumin increased the mean urine output rate to 31.45

ml/hour (95% CI, 19.30–43.59) above that with furosemide treatment alone (Fig 1). However,

high heterogeneity across studies (I2 = 87%, p<0.01) was detected.

Effect on urinary sodium excretion of furosemide and albumin in

comparison with furosemide alone

Five of the included studies reported urine sodium excretion within 6 to 8 hours after the co-

administration of furosemide with albumin or the administration of furosemide alone, and 6

studies reported urine sodium excretion within 24 hours after treatment. In order to compare
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the treatment effect between the combination therapy and furosemide alone, we also unified

the reported urinary sodium excretion rates. The meta-analysis showed that the co-adminis-

tration of furosemide with albumin increased the mean urinary sodium excretion rate to 1.76

mEq/hour (95% CI, 0.83–2.69) above that with furosemide treatment alone (Fig 2). However,

high heterogeneity across studies was detected (I2 = 92%, p<0.01).

Sensitivity analysis and subgroup analysis

In considering the urine output rate as an outcome, a sensitivity analysis was conducted to

assess the robustness of the results. After removing the data from an outlier study (Hsu, 2006)

[28], the statistical heterogeneity was reduced from 87% to 69%, and the combination therapy

Table 1. Basic characteristics and study design of enrolled studies.

Study Study design Index disease Mean

age

Sample

size

Average or

range of

baseline

albumin(g/dL)

Average or range

of baseline

creatinine(mg/

dL)

Exclusion

of AKI

Dose of

furosemide (mg)

Dose of

albumin

(g)

Akcicek, 1995 [9] Randomized,

crossover

nephrotic

syndrome

NR 8 1.1 to 1.2 1.20 to 2.40 N 60mg bolus than

40mg/hr for 4

hrs

0.5g/kg

Chalasani, 2001 [25]

(premix)

Randomized,

crossover

liver cirrhosis, 51.2 13 3.0 0.99 N 40mg 25

Chalasani,

2001 (separate)

51.2 13 3.0 0.99 N 40mg 25

Fliser, 1999 [26] Randomized,

crossover

nephrotic

syndrome

48 9 NR NR� N 60mg 40

Ghafari, 2011 [20] Randomized,

crossover

nephrotic

syndrome

NR 10 NR NR N 2mg/kg 0.5g/kg

Gentilini, 1999 [27]

(protocol 1)

Randomized,

parallel

liver cirrhosis 62.2 126 3.12 0.975 N 25mg to 160mg/

day

12.5g

Hsu, 2006 [28] (CCr

�20)

Randomized,

crossover

critical illness 71 21 2.43 3.75 Y 60mg 40

Hsu, 2006 (CCr >20) 69 21 2.27 1.36 Y 60mg 40

Inoue, 1987 [5] Randomized,

crossover

hypoalbuminemia 64.6 16 2.2 NR N 20 to 60mg 6Ø

Mahmoodpoor, 2020

[10]

Randomized,

parallel

critical illness 71.1 38 2.6 NR† N 20mg 20

Na, 2001 [29] Randomized,

crossover

nephrotic

syndrome

41.1 7 1.7 1.59 N 160mg 25

Nakamura, 2013 [30] Randomized,

parallel

liver cirrhosis 61.3 66 2.61 0.84 N 20 mg/day, for 5

days

10

Phakdeekitcharoen,

2012 [7]

Randomized,

crossover

hypoalbuminemia 66.4 24 2.98 2.18 Y 40mg 25

Simon, 2018 [31] Randomized,

parallel

critical illness 63.1 45 2.00 0.67 Y NR± 40

Sjöström, 1989 [21] Randomized,

crossover

nephrotic

syndrome

48 5 2.7 NR‡ N 40mg 0.5g/kg

CCr: Creatinine clearance rate.

�: No baseline creatinine was reported in this study, but average baseline GFR was 105 ml/min/1.73m2.

†: No baseline creatinine was reported in this study, but average baseline Clcr was 73.2 ml/min.

‡: No baseline creatinine was reported in this study, but average baseline GFR was 78 ml/min/1.73m2.

±: Furosemide dose decided by clinical team.

Ø: Albumin dose was equimolar to furosemide.

https://doi.org/10.1371/journal.pone.0260312.t001
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still had a significant effect in terms of increasing patients’ urine output (Fig 3). Further analy-

sis established that the combination therapy maintained its advantage even after the studies

with high risk of bias were removed. Interestingly, after excluding the studies with crossover

Table 2. Treatment effect of of intervention and controlled group from enrolled studies.

Study Study

design

Urine output rate (ml/

hr) ± SD of furosemide

and albumin

Urine output rate (ml/

hr) ± SD of furosemide

alone

Urine Na excretion rate

(meq/hr) ± SD of

furosemide and albumin

Urine Na excretion rate

(meq/hr) ± SD of

furosemide alone

Duration of

urine output

collection

Akcicek, 1995 [9] Crossover 82.8 ± 30 46.2 ±15.6 NR NR 18 hours

Chalasani, 2001 [25]

(premix)

Crossover 471.6 ±38.5 447.7 ±38.3 27.5 ±2.3 25.7 ±2.3 6 hours

Chalasani,

2001 (separate)

492.7 ±38.5 447.7 ± 38.3 28.7 ±2.5 25.7 ±2.3 6 hours

Fliser, 1999 [26] Crossover 178.3 ±7.7 157.4 ±6.6 15.6 ±1.4 12.7 ±1.4 8 hours

Ghafari, 2011 [20] Crossover 90.6 ±40.5 71.1 ±31.1 10.9 ±0.4 8.7 ±0.2 24 hours

Gentilini, 1999 [27]

(protocol 1)

Parallel NR NR 4 ±1.2 3.5 ±1.5 24 hours

Hsu, 2006 [28] (CCr

�20)

Crossover 110 ±56.4 50.5 ±23.9 8.5 ±6.9 3 ±1.4 8 hours

Hsu, 2006 (CCr >20) 293.3 ±139.1 73.9 ±29.9 29.3 ±20.8 4.1 ±2.6 8 hours

Inoue, 1987 [5] Crossover 183 ±132.6 88.2 ±94.8 NR NR NR

Mahmoodpoor, 2020

[10]

Parallel 299.5 ±124 259.1 ±105.5 38.2 ±4.6 38.8 ±6.3 4 hours

Na, 2001 [29] Crossover 84.5 ±8.3 72.1 ±8.3 5.1 ±1.6 5.4 ±1.2 24 hours

Nakamura, 2013 [30] Parallel 67.1 ±33.2 58 ±23.7 4.5 ±2.1 4.2 ±2.2 24 hours

Phakdeekitcharoen,

2012 [7]

Crossover 102.9 ±25 101.7 ±30.8 6.4 ± 1.8 6.1 2.5 6 hours

Simon, 2018 [31] Parallel 136.7 ±65 147.9 ±53.3 NR NR 24 hours

Sjöström, 1989 [21] Crossover 450 ±210 420 ±252 NR NR 4–8 hours

SD: Standard deviation.

https://doi.org/10.1371/journal.pone.0260312.t002

Fig 1. Treatment effect of co-administration furosemide with albumin on urine output rate.

https://doi.org/10.1371/journal.pone.0260312.g001
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designs, only three studies were included in the subsequent sensitivity analysis, and that analy-

sis revealed only a trend toward improved urine output rates from the combination therapy in

comparison with furosemide monotherapy. Another sensitivity analysis was performed to

assess the robustness of the results regarding the natriuretic effect of albumin and furosemide

co-administration. There was still benefit from albumin and furosemide co-administration

after excluding the studies with crossover designs and excluding outlier studies or studies with

high risk of bias (Fig 4).

We next conducted subgroup analyses to explore potential treatment effect heterogeneity.

From the subgroup analysis of urine output rates, we found that the index disease, when

excluding acute kidney injury (AKI) populations and furosemide dose (� 60 mg or < 60 mg),

did not result in significant treatment effect differences. Further subgroup analyses revealed

significant modification effects for four subgroup variables: baseline albumin level (� 2.5 g/dL

or< 2.5 g/dL) (interaction P value = 0.04), baseline creatinine level (> 1.2 mg/dL or� 1.2 mg/

dL) (interaction P value = 0.07), prescribed albumin dose (� 30 g or< 30 g) (interaction P

value = 0.02), and duration of observation (� 12 hours or > 12 hours) (interaction P

Fig 2. Treatment effect of co-administration furosemide with albumin on urinary sodium excretion rate.

https://doi.org/10.1371/journal.pone.0260312.g002

Fig 3. Sensitivity analysis of diuretic effect from co-administration furosemide with albumin.

https://doi.org/10.1371/journal.pone.0260312.g003
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value = 0.01) (Fig 5). Trend of better diuretics effect was observed in those with eGFR less than

60 ml/min/1.73m2 but without statistical significance (interaction P value = 0.1).

No significant modification effect was detected regarding the natriuretic effect of albumin

and furosemide co-administration for two subgroup variables: index disease and baseline cre-

atinine level. The subgroup analyses further revealed a significant modification effect on urine

sodium excretion for five subgroup variables: baseline albumin level (� 2.5 g/dL or < 2.5 g/

dL) (interaction P value = 0.07), prescribed furosemide dose (� 60 mg or < 60 mg) (interac-

tion P value = 0.05), prescribed albumin dose (� 30 g or < 30 g) (interaction P value < 0.01),

and duration of observation (� 12 hours or > 12 hours) (interaction P value = 0.04), and base-

line eGFR (� 60 ml/min/1.73m2 or < 60 ml/min/1.73m2) (interaction P value = 0.06). Studies

excluding AKI patients also demonstrated a better natriuretic effect from the co-administra-

tion of albumin and furosemide in comparison to studies not excluding AKI patients (interac-

tion P value = 0.06) (Fig 6). Overall, the subgroup analyses demonstrated that lower baseline

albumin levels and higher prescribed albumin doses were both associated with better treat-

ment effects from the co-administration furosemide with albumin in terms of urine output

and urine sodium excretion.

Assessment of evidence quality and summary of findings

We evaluated the primary outcome and performed quality assessment using the GRADE sys-

tem. The outcomes and assessments are presented as a summary of findings in S3 Table.

Discussion

In the present meta-analysis, a total of 13 studies with a total of 422 participants were included,

and three points are worth summarizing. First, the co-administration of furosemide with albu-

min increased the urine output by 31.45ml/hour and increased the urine sodium excretion

rate by 1.76 mEq/hour in comparison to furosemide treatment alone. Second, the diuretic and

natriuretic effects of albumin and furosemide co-administration were better in participants

with low baseline serum albumin levels (< 2.5 g/dL) and high prescribed albumin infusion

doses (> 30 g). Third, the potentiation of diuresis and natriuresis from the combination of

albumin and furosemide might have been more prominent within the first 12 hours after

administration. Fourth, the diuretic or natriuretic effect from co-administration might be bet-

ter in those with baseline impaired renal function (eGFR < 60 ml/min/1.73m2 or creatinine

1.2 mg/dL).

Fig 4. Sensitivity analysis of natriuretic from co-administration furosemide with albumin.

https://doi.org/10.1371/journal.pone.0260312.g004
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By including 13 studies in the present meta-analysis, it was found that the co-administra-

tion of furosemide with albumin resulted in statistically significant increases in urine output

and urine sodium excretion rates than furosemide monotherapy. Although the present meta-

analysis revealed that co-administration therapy increased the urine output by 31.45ml/hour,

its efficacy in resolving edema is still indefinite. Within these enrolled studies, only one study

reported higher body weight reduction from co-administration therapy in comparison to the

furosemide therapy alone. Martin and his colleagues had revealed that co-administration ther-

apy can provide body weight reduction 2.2kg in the first 24 hours and 7.4kg in 72 hours and

the furosemide therapy provides body weight reduction 2.2kg in the first 24 hours and 5.4kg in

72 hours.

Through subgroup analysis, the present study demonstrated that the co-administration of

furosemide and albumin showed significantly greater diuretic and natriuretic effects in

patients with baseline albumin levels lower than 2.5 g/dL. Aside from the baseline albumin

level, the dose of albumin prescribed also made a difference in the natriuretic and diuretic

Fig 5. Subgroup analysis of diuretic effect from co-administration furosemide with albumin.

https://doi.org/10.1371/journal.pone.0260312.g005
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effects observed, which were significantly increased when the dose of albumin prescribed was

more than 30 g. The influence of these two factors, baseline albumin level and dose of treat-

ment, failed to be demonstrated in previous meta-analyses [11]. Pichette et al. had reported

that hypoalbuminemia is associated with an increase in the renal metabolic clearance of furo-

semide, possibly because of the increase in the concentration of unbound furosemide. This

increased renal metabolic clearance of furosemide could lead to a reduction in active form

furosemide tubular secretion in the S1 segments of proximal tubules [6,32]. Later studies fur-

ther confirmed that albumin infusion in hypoalbuminemic patients does increase renal furose-

mide excretion [21]. In 2019, Ellison pointed out that the failure of some studies to support the

co-administration strategy might have been due to the relatively high mean serum albumin

levels in hypoalbuminemia groups, such as the mean albumin level of 3.4 g/dL in Charokopos’

trial and the mean albumin level of 3.0 g/dL in Chalasani’s trial, in comparison to those in ani-

mal models. He concluded that patients with hypoalbuminemia > 2.0 g/dL are unlikely to ben-

efit from albumin infusion with furosemide treatment [25,33], while patients with serum

Fig 6. Subgroup analysis of natriuretic from co-administration furosemide with albumin.

https://doi.org/10.1371/journal.pone.0260312.g006
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albumin levels< 2.0 g/dL could potentially benefit from the co-administration of furosemide

with albumin [5,21]. According to the previous reports and present study, the degree of

hypoalbuminemia seems to influence the efficacy of co-administration therapy, but it’s note-

worthy that the diuretics resistance might be related to decreasing kidney function, use of non-

steroidal anti-inflammatory drugs (NSAIDs), congestive heart failure or poor salt restriction

[1–3]. These possible factors leading to diuretics resistance should be evaluated and minimized

before prescription co-administration therapy.

We observed potential better diuretics or natriuresis effects of the co-administration of

furosemide and albumin in those with impaired renal function (identified by eGFR less than

60 ml/min/1.73m2 or creatinine 1.2 mg/dL). The creatinine clearance was the major determi-

nant of furosemide diuretic efficiency. Chronic kidney disease and heart failure all can result

in a right shift of the relationship between sodium excretion rate and renal tubular furosemide

secretion rate [3,34]. Higher threshold point is also noted in those with impaired renal func-

tion. Further, furosemide is transported to the active site via organic anion transporters,

increasing plasma levels of organic anion (OA) in chronic kidney disease (CKD) that compete

with the peritubular uptake of furosemide while metabolic acidosis depolarizes the membrane

potential of proximal tubule cells which further decrease OA secretion in CKD [35–37]. As

above mentioned, co-administration of albumin and furosemide might increase the secretion

of active form furosemide, which might be the explanation of better diuretic effect of this co-

administration.

The subgroup analyses in the present study also revealed that the urine output rate and

urine sodium excretion rate were significantly increased in the first 12 hours after the co-

administration of furosemide and albumin. Similar findings were also noted in a previous

meta-analysis, in which Kitsios and his colleague concluded that the increase in urine volume

due to the combination of furosemide and albumin was only statistically significant at 8 hours

but no longer significant at 24 hours after administration [11]. According to previous pharma-

cokinetic and pharmacodynamic data, the plasma elimination half-life of intravenous infusion

furosemide is approximately 0.6 hours, and it is mainly eliminated via the kidneys [37]. The

treatment effect of furosemide with albumin seems to last for 8 to 12 hours after administra-

tion, so it is reasonable to prescribe the co-administration of furosemide and albumin at the

frequency of every 12 hours to maintain the diuretic and natriuretic effects. Considering the

relatively short half-life and treatment effect of furosemide and albumin co-administration

therapy and furosemide alone, it might be more suitable for inpatient treatment instead of out-

patient treatment strategy.

Strengths and limitations of this study

The strength of our meta-analysis included the following: (1) The present study did clarify the

benefit of furosemide and albumin co-administration in terms of diuresis and natriuresis. (2)

Considering the heterogeneity of index diseases and the diversity in baseline characteristics

and doses of the treatment, subgroup analyses were performed in our study. Through the sub-

group analyses, this study revealed statistically significant benefits of furosemide and albumin

co-administration in patients with hypoalbuminemia lower than 2.5 mg/dL or those receiving

albumin doses of more than 30 g. These findings, which did not discussed in previous meta-

analysis [11], give the clinical physician more confidence in choosing appropriate patients and

treatment dosages when utilizing furosemide and albumin co-administration. (3) We also con-

ducted a sensitivity analysis to examine the results after excluding the crossover trials.

The limitations of our review included the following: (1) The total number of patients

included was still limited, and there was high statistical heterogeneity among the included
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trials, including in terms of the enrolled populations, their underlying characteristics, and

treatment regimens. (2) There was diversity in the doses and types of albumin supplement and

furosemide treatment used, and most of the studies did not standardize their pharmacologic

treatment according to patient body weight. (3) Several of the included studies had crossover

designs, and some of them did not provide the average albumin level after the washout phase

and before each intervention. Thus, we could not confirm that the serum albumin level

changed in those patients who received furosemide and albumin co-administration before

receiving furosemide treatment alone. (4) Data on other factors that might have influenced the

diuretic effects were not recorded in some of the studies, including data on salt restriction

strategies used, NSAID prescriptions, and probenecid prescriptions. (5) The furosemide dose

varies across studies. We choose 60mg furosemide as the cutoff point for subgroup analysis,

which could make the number of enrolled studies split equally for analyses. We also choose

this stress dose furosemide (1mg furosemide per kilogram body weight) as the cutoff point for

evaluating the tubular function under the assumption of the enrolled population with an aver-

age 60 kg body weight. However, the furosemide dose-response in patients with hypoalbumi-

nemia and the diuretic response when in combination with albumin warranted further

examining. (6) Most of the enrolled studies were cross-over designs and sensitivity analysis

was performed to exclude cross-over design trials with the remaining only 3 enrolled trials

with parallel design. Further well-designed prospective trials or analyses were needed to

explore the source of treatment effect heterogeneity.

Conclusion

Co-administration of furosemide with albumin might enhance diuresis and natriuresis effects

than furosemide treatment alone but with high heterogeneity in treatment response. Accord-

ing to the present meta-analysis result, combination therapy might provide advantages com-

pared to the furosemide therapy alone in patients with baseline albumin levels lower than 2.5

g/dL. Owing to high heterogeneity and limited enrolled participants, further parallel random-

ized controlled trials are warranted to examine our outcome.

Supporting information

S1 Checklist. PRISMA 2009 checklist.

(DOC)

S1 Fig. PRISMA flow chart of study inclusion.

(TIF)

S2 Fig. Risk of bias assessment of each studies.

(TIF)

S3 Fig. Summary of risk of bias.

(TIF)

S4 Fig. Funnel plot for evaluation of publication bias of urine output rate.

(TIF)

S5 Fig. Funnel plot for evaluation of publication bias of urinary sodium excretion rate.

(TIF)

S1 Table. Details of Search Strategy results from source: Pubmed (A), EMbase (B) and from

Medline (C).

(DOCX)

PLOS ONE Diuretic effect of co-administration of furosemide and albumin in comparison to furosemide therapy alone

PLOS ONE | https://doi.org/10.1371/journal.pone.0260312 December 1, 2021 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260312.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260312.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260312.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260312.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260312.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260312.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260312.s007
https://doi.org/10.1371/journal.pone.0260312


S2 Table. GRADE evidence and summary of findings table.

(DOCX)

S3 Table. Primary reasons for exclusion of excluded studies after full text reviewed.

(DOCX)

Author Contributions

Conceptualization: Tao Han Lee, Jia-Jin Chen.

Data curation: Chieh Li Yen, Cheng-Chia Lee.

Formal analysis: George Kuo, Yen Ta Huang.

Investigation: Chieh Li Yen, Cheng-Chia Lee.

Methodology: Tao Han Lee, Jia-Jin Chen.

Software: George Kuo.

Supervision: Jia-Jin Chen.

Visualization: Pei Chun Fan.

Writing – original draft: Tao Han Lee, Jia-Jin Chen.

Writing – review & editing: Chih-Hsiang Chang.

References

1. Ellison DH, Felker GM. Diuretic Treatment in Heart Failure. N Engl J Med. 2017; 377(20):1964–75.

https://doi.org/10.1056/NEJMra1703100 PMID: 29141174

2. Ellison DH. Mechanistic Insights into Loop Diuretic Responsiveness in Heart Failure. Clin J Am Soc

Nephrol. 2019; 14(5):650–2. https://doi.org/10.2215/CJN.03590319 PMID: 31064772

3. Sica DA. Diuretic use in renal disease. Nat Rev Nephrol. 2011; 8(2):100–9. https://doi.org/10.1038/

nrneph.2011.175 PMID: 22183505

4. Xu Z, Luo Y, Adekkanattu P, Ancker JS, Jiang G, Kiefer RC, et al. Stratified Mortality Prediction of

Patients with Acute Kidney Injury in Critical Care. Stud Health Technol Inform. 2019; 264:462–6. https://

doi.org/10.3233/SHTI190264 PMID: 31437966

5. Inoue M, Okajima K, Itoh K, Ando Y, Watanabe N, Yasaka T, et al. Mechanism of furosemide resistance

in analbuminemic rats and hypoalbuminemic patients. Kidney Int. 1987; 32(2):198–203. https://doi.org/

10.1038/ki.1987.192 PMID: 3656933

6. Pichette V, Geadah D, du Souich P. The influence of moderate hypoalbuminaemia on the renal metabo-

lism and dynamics of furosemide in the rabbit. Br J Pharmacol. 1996; 119(5):885–90. https://doi.org/10.

1111/j.1476-5381.1996.tb15755.x PMID: 8922736

7. Phakdeekitcharoen B, Boonyawat K. The added-up albumin enhances the diuretic effect of furosemide

in patients with hypoalbuminemic chronic kidney disease: a randomized controlled study. BMC Nephrol.

2012; 13:92. https://doi.org/10.1186/1471-2369-13-92 PMID: 22931630

8. Dharmaraj R, Hari P, Bagga A. Randomized cross-over trial comparing albumin and frusemide infu-

sions in nephrotic syndrome. Pediatr Nephrol. 2009; 24(4):775–82. https://doi.org/10.1007/s00467-

008-1062-0 PMID: 19142668

9. Akcicek F, Yalniz T, Basci A, Ok E, Mees EJ. Diuretic effect of frusemide in patients with nephrotic syn-

drome: is it potentiated by intravenous albumin? BMJ. 1995; 310(6973):162–3. https://doi.org/10.1136/

bmj.310.6973.162 PMID: 7833755

10. Mahmoodpoor A, Zahedi S, Pourakbar A, Hamishehkar H, Shadvar K, Asgharian P, et al. Efficacy of

furosemide-albumin compared with furosemide in critically ill hypoalbuminemia patients admitted to

intensive care unit: a prospective randomized clinical trial. Daru. 2020; 28(1):263–9. https://doi.org/10.

1007/s40199-020-00339-8 PMID: 32291620

11. Kitsios GD, Mascari P, Ettunsi R, Gray AW. Co-administration of furosemide with albumin for overcom-

ing diuretic resistance in patients with hypoalbuminemia: a meta-analysis. J Crit Care. 2014; 29(2):253–

9. https://doi.org/10.1016/j.jcrc.2013.10.004 PMID: 24268626

PLOS ONE Diuretic effect of co-administration of furosemide and albumin in comparison to furosemide therapy alone

PLOS ONE | https://doi.org/10.1371/journal.pone.0260312 December 1, 2021 14 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260312.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260312.s009
https://doi.org/10.1056/NEJMra1703100
http://www.ncbi.nlm.nih.gov/pubmed/29141174
https://doi.org/10.2215/CJN.03590319
http://www.ncbi.nlm.nih.gov/pubmed/31064772
https://doi.org/10.1038/nrneph.2011.175
https://doi.org/10.1038/nrneph.2011.175
http://www.ncbi.nlm.nih.gov/pubmed/22183505
https://doi.org/10.3233/SHTI190264
https://doi.org/10.3233/SHTI190264
http://www.ncbi.nlm.nih.gov/pubmed/31437966
https://doi.org/10.1038/ki.1987.192
https://doi.org/10.1038/ki.1987.192
http://www.ncbi.nlm.nih.gov/pubmed/3656933
https://doi.org/10.1111/j.1476-5381.1996.tb15755.x
https://doi.org/10.1111/j.1476-5381.1996.tb15755.x
http://www.ncbi.nlm.nih.gov/pubmed/8922736
https://doi.org/10.1186/1471-2369-13-92
http://www.ncbi.nlm.nih.gov/pubmed/22931630
https://doi.org/10.1007/s00467-008-1062-0
https://doi.org/10.1007/s00467-008-1062-0
http://www.ncbi.nlm.nih.gov/pubmed/19142668
https://doi.org/10.1136/bmj.310.6973.162
https://doi.org/10.1136/bmj.310.6973.162
http://www.ncbi.nlm.nih.gov/pubmed/7833755
https://doi.org/10.1007/s40199-020-00339-8
https://doi.org/10.1007/s40199-020-00339-8
http://www.ncbi.nlm.nih.gov/pubmed/32291620
https://doi.org/10.1016/j.jcrc.2013.10.004
http://www.ncbi.nlm.nih.gov/pubmed/24268626
https://doi.org/10.1371/journal.pone.0260312


12. Oczkowski SJW, Klotz L, Mazzetti I, Alshamsi F, Chen ML, Foster G, et al. Furosemide and Albumin for

Diuresis of Edema (FADE): A parallel-group, blinded, pilot randomized controlled trial. J Crit Care.

2018; 48:462–7. https://doi.org/10.1016/j.jcrc.2018.07.020 PMID: 30037660

13. Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a revised tool for

assessing risk of bias in randomised trials. BMJ. 2019; 366:l4898. https://doi.org/10.1136/bmj.l4898

PMID: 31462531

14. Higgins JPT TJ, Chandler J, Cumpston M, Li T, Page MJ. Cochrane Handbook for Systematic Reviews

of Interventions. version 6.1 ed2020.

15. Elbourne DR, Altman DG, Higgins JP, Curtin F, Worthington HV, Vail A. Meta-analyses involving cross-

over trials: methodological issues. Int J Epidemiol. 2002; 31(1):140–9. https://doi.org/10.1093/ije/31.1.

140 PMID: 11914310

16. Fu R, Vandermeer BW, Shamliyan TA, O’Neil ME, Yazdi F, Fox SH, et al. Handling Continuous Out-

comes in Quantitative Synthesis. Methods Guide for Effectiveness and Comparative Effectiveness

Reviews. AHRQ Methods for Effective Health Care. Rockville (MD)2008. PMID: 24006546

17. Balk EM, Earley A, Patel K, Trikalinos TA, Dahabreh IJ. Empirical Assessment of Within-Arm Correla-

tion Imputation in Trials of Continuous Outcomes. AHRQ Methods for Effective Health Care. Rockville

(MD)2012. PMID: 23326900

18. Balduzzi S, Rucker G, Schwarzer G. How to perform a meta-analysis with R: a practical tutorial. Evid

Based Ment Health. 2019; 22(4):153–60. https://doi.org/10.1136/ebmental-2019-300117 PMID:

31563865

19. Sun X, Briel M, Walter SD, Guyatt GH. Is a subgroup effect believable? Updating criteria to evaluate the

credibility of subgroup analyses. BMJ. 2010; 340:c117. https://doi.org/10.1136/bmj.c117 PMID:

20354011

20. Ghafari A, Mehdizadeh A, Alavi-Darazam I, Rahimi E, Kargar C, Sepehrvand N. Co-administration of

albumin-furosemide in patients with the nephrotic syndrome. Saudi J Kidney Dis Transpl. 2011; 22

(3):471–5. PMID: 21566302

21. Sjostrom PA, Odlind BG, Beermann BA, Karlberg BE. Pharmacokinetics and effects of frusemide in

patients with the nephrotic syndrome. Eur J Clin Pharmacol. 1989; 37(2):173–80. https://doi.org/10.

1007/BF00558227 PMID: 2792172

22. McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): An R package and Shiny web app for

visualizing risk-of-bias assessments. Research Synthesis Methods. 2020;n/a(n/a).

23. Team RC. R: A Language and Environment for Statistical Computing. R Foundation for Statistical Com-

puting; 2020.

24. Grading quality of evidence and strength of recommendations. BMJ. 2004; 328(7454):1490. https://doi.

org/10.1136/bmj.328.7454.1490 PMID: 15205295

25. Chalasani N, Gorski JC, Horlander JC, Sr., Craven R, Hoen H, Maya J, et al. Effects of albumin/furose-

mide mixtures on responses to furosemide in hypoalbuminemic patients. J Am Soc Nephrol. 2001; 12

(5):1010–6. https://doi.org/10.1681/ASN.V1251010 PMID: 11316860

26. Fliser D, Zurbruggen I, Mutschler E, Bischoff I, Nussberger J, Franek E, et al. Coadministration of albu-

min and furosemide in patients with the nephrotic syndrome. Kidney Int. 1999; 55(2):629–34. https://

doi.org/10.1046/j.1523-1755.1999.00298.x PMID: 9987087

27. Gentilini P, Casini-Raggi V, Di Fiore G, Romanelli RG, Buzzelli G, Pinzani M, et al. Albumin improves

the response to diuretics in patients with cirrhosis and ascites: results of a randomized, controlled trial. J

Hepatol. 1999; 30(4):639–45. https://doi.org/10.1016/s0168-8278(99)80194-9 PMID: 10207805

28. Hsu CW, Lin SL, Sun SF, Chu KA, Chung HM, Chang HW. Comparison of the diuretic effect of furose-

mide mixed with human albumin or fresh frozen plasma for patients with hypoalbuminemia in the inten-

sive care unit. J Nephrol. 2006; 19(5):621–7. PMID: 17136691

29. Na KY, Han JS, Kim YS, Ahn C, Kim S, Lee JS, et al. Does albumin preinfusion potentiate diuretic action

of furosemide in patients with nephrotic syndrome? J Korean Med Sci. 2001; 16(4):448–54. https://doi.

org/10.3346/jkms.2001.16.4.448 PMID: 11511790

30. Nakamura T, Sata M, Suzuki K, Moriwaki H, Fukui H, Fujiyama S, et al. Open-labeled randomized con-

trolled trial to compare diuretic therapy with recombinant human serum albumin and diuretic therapy for

therapeutic treatment of ascites in patients with advanced liver cirrhosis: An exploratory trial. Hepatol

Res. 2014; 44(5):502–14. https://doi.org/10.1111/hepr.12142 PMID: 23607459

31. Simonov M, Ugwuowo U, Moreira E, Yamamoto Y, Biswas A, Martin M, et al. A simple real-time model

for predicting acute kidney injury in hospitalized patients in the US: A descriptive modeling study. PLoS

Med. 2019; 16(7):e1002861. https://doi.org/10.1371/journal.pmed.1002861 PMID: 31306408

32. Pichette V, du Souich P. Role of the kidneys in the metabolism of furosemide: its inhibition by probene-

cid. J Am Soc Nephrol. 1996; 7(2):345–9. https://doi.org/10.1681/ASN.V72345 PMID: 8785407

PLOS ONE Diuretic effect of co-administration of furosemide and albumin in comparison to furosemide therapy alone

PLOS ONE | https://doi.org/10.1371/journal.pone.0260312 December 1, 2021 15 / 16

https://doi.org/10.1016/j.jcrc.2018.07.020
http://www.ncbi.nlm.nih.gov/pubmed/30037660
https://doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1093/ije/31.1.140
https://doi.org/10.1093/ije/31.1.140
http://www.ncbi.nlm.nih.gov/pubmed/11914310
http://www.ncbi.nlm.nih.gov/pubmed/24006546
http://www.ncbi.nlm.nih.gov/pubmed/23326900
https://doi.org/10.1136/ebmental-2019-300117
http://www.ncbi.nlm.nih.gov/pubmed/31563865
https://doi.org/10.1136/bmj.c117
http://www.ncbi.nlm.nih.gov/pubmed/20354011
http://www.ncbi.nlm.nih.gov/pubmed/21566302
https://doi.org/10.1007/BF00558227
https://doi.org/10.1007/BF00558227
http://www.ncbi.nlm.nih.gov/pubmed/2792172
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1136/bmj.328.7454.1490
http://www.ncbi.nlm.nih.gov/pubmed/15205295
https://doi.org/10.1681/ASN.V1251010
http://www.ncbi.nlm.nih.gov/pubmed/11316860
https://doi.org/10.1046/j.1523-1755.1999.00298.x
https://doi.org/10.1046/j.1523-1755.1999.00298.x
http://www.ncbi.nlm.nih.gov/pubmed/9987087
https://doi.org/10.1016/s0168-8278%2899%2980194-9
http://www.ncbi.nlm.nih.gov/pubmed/10207805
http://www.ncbi.nlm.nih.gov/pubmed/17136691
https://doi.org/10.3346/jkms.2001.16.4.448
https://doi.org/10.3346/jkms.2001.16.4.448
http://www.ncbi.nlm.nih.gov/pubmed/11511790
https://doi.org/10.1111/hepr.12142
http://www.ncbi.nlm.nih.gov/pubmed/23607459
https://doi.org/10.1371/journal.pmed.1002861
http://www.ncbi.nlm.nih.gov/pubmed/31306408
https://doi.org/10.1681/ASN.V72345
http://www.ncbi.nlm.nih.gov/pubmed/8785407
https://doi.org/10.1371/journal.pone.0260312


33. Charokopos A, Griffin M, Rao VS, Inker L, Sury K, Asher J, et al. Serum and Urine Albumin and

Response to Loop Diuretics in Heart Failure. Clin J Am Soc Nephrol. 2019; 14(5):712–8. https://doi.org/

10.2215/CJN.11600918 PMID: 31010938

34. Mariano F, Mella A, Vincenti M, Biancone L. Furosemide as a functional marker of acute kidney injury in

ICU patients: a new role for an old drug. J Nephrol. 2019; 32(6):883–93. https://doi.org/10.1007/

s40620-019-00614-1 PMID: 31090022

35. Uwai Y, Saito H, Hashimoto Y, Inui KI. Interaction and transport of thiazide diuretics, loop diuretics, and

acetazolamide via rat renal organic anion transporter rOAT1. J Pharmacol Exp Ther. 2000; 295(1):261–

5. PMID: 10991988

36. Vallon V, Rieg T, Ahn SY, Wu W, Eraly SA, Nigam SK. Overlapping in vitro and in vivo specificities of

the organic anion transporters OAT1 and OAT3 for loop and thiazide diuretics. Am J Physiol Renal Phy-

siol. 2008; 294(4):F867–73. https://doi.org/10.1152/ajprenal.00528.2007 PMID: 18216144

37. Lesne M. Comparison of the pharmacokinetics and pharmacodynamics of torasemide and furosemide

in healthy volunteers. Arzneimittelforschung. 1988; 38(1A):160–3. PMID: 3370062

PLOS ONE Diuretic effect of co-administration of furosemide and albumin in comparison to furosemide therapy alone

PLOS ONE | https://doi.org/10.1371/journal.pone.0260312 December 1, 2021 16 / 16

https://doi.org/10.2215/CJN.11600918
https://doi.org/10.2215/CJN.11600918
http://www.ncbi.nlm.nih.gov/pubmed/31010938
https://doi.org/10.1007/s40620-019-00614-1
https://doi.org/10.1007/s40620-019-00614-1
http://www.ncbi.nlm.nih.gov/pubmed/31090022
http://www.ncbi.nlm.nih.gov/pubmed/10991988
https://doi.org/10.1152/ajprenal.00528.2007
http://www.ncbi.nlm.nih.gov/pubmed/18216144
http://www.ncbi.nlm.nih.gov/pubmed/3370062
https://doi.org/10.1371/journal.pone.0260312

