
Research
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Abstract
Objective To investigate the potential beneficial and adverse
effects of frusemide to prevent or treat acute renal failure in
adults.
Design Meta-analysis of randomised controlled trials.
Data sources Cochrane controlled trials register (2005 issue 4),
Embase, and Medline (1966 to 1 February 2006), without
language restrictions.
Review methods Two reviewers checked the quality of the
studies and independently extracted data.
Results Nine randomised controlled trials totalling 849 patients
with or at risk of acute renal failure were included. Outcome
measures not significantly different after frusemide treatment
were in-hospital mortality (relative risk 1.11, 95% confidence
interval 0.92 to 1.33), risk for requiring renal replacement
therapy or dialysis (0.99, 0.80 to 1.22), number of dialysis
sessions required (weight mean difference − 0.48 sessions,
− 1.45 to 0.50), and proportion of patients with persistent
oliguria (urine output < 500 ml/day: 0.54, 0.18 to 1.61).
Stratifying studies that used frusemide to prevent or treat acute
renal failure did not change the results on mortality (relative
risk ratio 2.10, 95% confidence interval 0.67 to 6.63) and the
risk for requiring dialysis (4.12, 0.46 to 37.2). Evidence
suggested an increased risk of temporary deafness and tinnitus
in patients treated with high doses of frusemide (relative risk
3.97, 95% confidence interval 1.00 to 15.78).
Conclusions Frusemide is not associated with any significant
clinical benefits in the prevention and treatment of acute renal
failure in adults. High doses may be associated with an
increased risk of ototoxicity.

Introduction
Acute renal failure is associated with a significant risk of mortal-
ity and morbidity.1 The causes of acute renal failure include sep-
sis, hypovolaemia, pre-existing renal impairment, and nephro-
toxins such as aminoglycoside antibiotics and radiological
contrast agents.1 2

Loop diuretics reduce the energy requirement of the cells of
the thick limb of the loop of Henle by inhibiting the
sodium-chloride-potassium pump in the luminal cell mem-
brane. They have also been shown to reduce renal medullary
damage during hypoxic conditions in isolated perfused kidney.3 4

Non-oliguric acute renal failure is associated with a better prog-
nosis than oliguric acute renal failure.5 Some clinicians therefore
use high doses of loop diuretics to convert oliguric renal failure
to non-oliguric renal failure to facilitate fluid and electrolyte
management and to reduce the need for dialysis. Nevertheless,
several small randomised controlled studies evaluating the use of
frusemide to either prevent or treat acute renal failure have pro-

duced negative results.w1-w4 Furthermore, the use of diuretics for
acute renal failure has also been associated with an increased risk
of non-recovery of renal function and mortality.6

No large randomised controlled trials or meta-analyses have
evaluated the role of frusemide in acute renal failure. Frusemide
is frequently used to facilitate fluid and electrolyte management
of acute renal failure in many institutions,2 yet its potential ben-
efits, adverse effects, and cost effectiveness to prevent or treat
acute renal failure remain uncertain. We carried out a
meta-analysis to assess the potential beneficial and harmful
effects of frusemide in acute renal failure and whether effects
differ when used to prevent or to treat acute renal failure.

Methods
We searched the Cochrane controlled trials register (2005 issue
4), Embase, and Medline (1966 to 1 February 2006) for
randomised controlled clinical trials comparing frusemide with
placebo in adults using the exploded MeSH terms “frusemide”,
“furosemide”, “loop diuretic”, or “lasix” with “renal failure”, “renal
impairment”, “dialysis”, “renal support”, “hemodiafiltration”,
“hemofiltration”, “hemodialysis”, or “renal replacement therapy”.
We also included studies of single dose frusemide compared with
prolonged continuous infusion. We excluded studies comparing
two different modes of frusemide administration such as regular
boluses with continuous infusions. As the causes and treatment
of acute renal failure in children differ from those in adults we
excluded studies of children only.

The search was further limited to clinical trials, letters, and
randomised controlled trials. We also searched the reference lists
of related reviews and original articles for relevant trials. To
ensure that all suitable studies were included we also searched
the websites of the International Network of Agencies of Health
Technology Assessment and International Society of Technology
Assessment in Health Care. We found no studies published that
were not in English.

Two reviewers (KMH, DJS) independently examined the titles
and abstracts of all identified trials to confirm fulfilment of inclu-
sion criteria. They recorded the trial characteristics and
outcomes independently, using a predesigned data abstraction
form. This form was used to record information on the quality of
the trial such as allocation concealment, method of randomisa-
tion, blinding, and inclusion and exclusion criteria. The Jadad
scale was used to score study quality (range 0-5, higher scales
indicating better quality)7 but the component that constituted the
quality of the study including blinding, allocation concealment,
and intention to treat analysis were also described. Grading of
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allocation concealment was based on the Cochrane approach
(adequate, uncertain, clearly inadequate). No disagreements
occurred between the reviewers on data extracted. One study
published data in two publications.8 w5 We combined these data to
represent one trial. Data were checked and entered into RevMan
version 4.2 (Cochrane Collaboration, 2003) for further analyses.

We chose in-hospital mortality and the proportion of
patients requiring renal dialysis or replacement therapy as the
main outcomes for meta-analysis because they are the most rel-
evant clinical outcomes in patients with acute renal failure. No
data were missing for these two outcomes in the included studies.
The other outcomes assessed were the proportion of patients
remaining oliguric (urine output < 500 ml/day), proportion of
patients who developed ototoxicity, number of dialysis sessions
required until recovery, and length of hospital stay.

Statistical analyses
Using a random effect model we report the differences in
categorical outcomes between the treatment and placebo or
control groups as relative risks with 95% confidence intervals. We
further stratified the effects of frusemide on mortality and the
need for dialysis after frusemide treatment into studies using
frusemide to prevent or to treat acute renal failure, and we tested
this interaction by relative risk ratio.9 Using a random effect
model we report the differences in length of hospital stay and the
number of dialysis sessions required as weighted mean
differences. We used the �2 statistic to assess heterogeneity
between trials and the I2 statistic to assess the extent of inconsist-
ency.10 One study reported tinnitus and deafness in several
patients after frusemide treatment but did not specify the
number.w5 We therefore estimated that at least three patients
would have tinnitus or deafness in the frusemide group. One
study reported the duration of continuous renal replacement
therapy until recovery.w4 We pooled the results of this study with
others that reported the total number of dialysis sessions
required until recovery of renal function. We carried out sensitiv-
ity analyses by excluding one study that compared a single dose
of frusemide with prolonged continuous infusionw6 or by includ-
ing only studies that had adequate allocation concealment.w1-w3 w7

Publication bias was assessed by funnel plot using mortality as an
end point. We considered a P value less than 0.05 as significant.

Results
Nine of 23 potentially eligible studies,w1-w9 totalling 849 patients,
were subject to meta-analysis (fig 1). Three studies used
frusemide to prevent acute renal failurew1-w3 and six used
frusemide to treat acute renal failure.w4-w9 The three preventive
studies included patients who underwent cardiac surgery, cardiac
angiography, and major general or vascular surgery. In two of
these studies all participants had mild pre-existing renal impair-
ment.w1 w2 Five of the six treatment studies included patients with
acute renal failure without chronic renal failure and one study
included patients who had either acute renal failure or acute on
chronic renal failure.w9

The treatment protocol varied between studies. Doses of
frusemide used to prevent acute renal failure were 1 mg/h or 2.5
mg/h by intravenous infusionw1 w2 or a single intravenous bolus
dose of 80 mg.w3 In the treatment group doses ranged from 600-
3400 mg/day in the studies that evaluated frusemide in
established acute renal failure. In one of these studies,w6 the con-
trol group also received one dose of frusemide (1 g) while the
treatment group received prolonged frusemide infusion (3.4
g/day) until the serum creatinine level fell spontaneously to less
than 300 �mol/l. Two different doses of frusemide were assessed
in two separate treatment groups in one study.w8 The criteria to
initiate dialysis were described in only three studies.w5-w7 Jadad
scores ranged from 1 to 5 (mean 2.6). Allocation concealment
was adequate in four studies.w1-w3 w7 Double blinding was used in
four studies.w1 w2 w4 w7 Three studies reported the proportion of
patients who were randomised but lost to follow-up; all less than
5%. The table lists the characteristics of the included studies.

No significant heterogeneity was found for in-hospital
mortality and ototoxicity but heterogeneity was significant for
the other outcomes. No significant reduction after frusemide
treatment was found for in-hospital mortality (relative risk 1.11,
95% confidence interval 0.92 to 1.33, P = 0.28, I2 = 0%l fig 2), risk
for requiring renal replacement therapy or dialysis (0.99, 0.80 to
1.22, P = 0.91, I2 = 64.2%; fig 2), number of dialysis sessions
required (weighted mean difference − 0.48 sessions, –1.45 to
0.50, P = 0.34, I2 = 0%; fig 3), or proportion of patients with per-
sistent oliguria (urine output < 500 ml/day; 0.54, 0.18 to 1.61,
P = 0.27, I2 = 90.8%; fig 4). Regardless of whether frusemide was

Studies excluded because they were not randomised controlled studies
evaluating frusemide in setting of acute renal failure in humans (n=227)

Studies excluded in this meta-analysis (n=14):
  One study reported the data of another study that was already included in this meta-analysis8 
  Four studies had no control groupw10-w13  
  Seven studies were not randomised trialsw14-w20

  Two studies had no information on clinical end points of this meta-analysisw21w22

Outcomes reported by studies:
  Inhospital mortality (n=7)
  Proportion of patients requiring renal dialysis (n=7)
  Number of dialysis sessions (n=4)
  Duration of renal replacement therapy in days (n=1)
  Proportion of patients who remained in oliguric state (urine output <500 ml/day)(n=3)
  Proportion of patients with ototoxicity (n=4) 
  Length of hospital stay in days (n=2)

Potential studies evaluating frusemide to prevent or treat acute renal failure
in Medline, Embase, and Cochrane controlled trials register databases (n=250)

Studies suitable for detailed data extraction (n=9)

Fig 1 Flow of studies in meta-analysis
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Characteristics of studies included in meta-analysis that evaluated frusemide in the prevention or treatment of acute renal failure

Study Participants Interventions Outcomes Study quality*

Lassniggw1

126 adults with serum creatinine
levels <177 �mol/l who underwent
elective cardiac surgery

Control group (n=40) normal saline
infusion 2.5 ml/h; frusemide group†
(n=41) 2.5 mg/h infusion; study drug
started after induction of anaesthesia
until 48 hours after surgery or
discharge from intensive care unit

Mortality, proportion of patients
requiring dialysis, and length of
hospital stay

Adequate allocation concealment,
double blinded, 2.4% of patients lost to
follow-up, not by intention to treat
analysis, Jadad score 5

Hagerw2 121 adults who underwent major
abdominal, chest, or vascular
surgery with mean serum creatinine
concentrations before surgery
93-105 �mol/l

Control group (n=59) 5% dextrose 1.4
ml/h; frusemide group (n=62) 1 mg/h
infusion; study drug started after
admission to intensive care unit and
continued to discharge

Mortality, proportion of patients
requiring dialysis, and length of
hospital stay

Adequate allocation concealment,
double blinded, losses to follow-up not
reported, unclear whether results were
analysed by intention to treat, Jadad
score 4

Solomonw3 78 adults with chronic renal
insufficiency (serum creatinine level
>140 �mol/l) who underwent cardiac
angiography (mean serum creatinine
levels 186 �mol/l in both groups
before angiography

Control group (n=28) and frusemide
group‡ (n=25) 0.45% saline 1 ml/kg/h
started 12 hours before angiography
and continued 12 hours after
angiography; frusemide group also
given 80 mg frusemide intravenously
30 minutes before angiography

Proportion of patients requiring
dialysis

Adequate allocation concealment,
unsure blinding, losses to follow-up not
reported, unclear whether results were
analysed by intention to treat, Jadad
score 2

Shillidayw4 96 adults with acute renal failure
(serum creatinine level >180 �mol/l
and mean creatinine clearance 7-8
ml/min) not due to prerenal or
post-renal causes who had not
received frusemide in preceding 48
hours

Control group (n=30) placebo (not
defined) intravenous infusion over 1
hour every six hours to 21 days;
frusemide group§ (n=32) intravenous 3
mg/kg every six hours reduced to 2
mg/kg, then 1 mg/kg (if the serum
creatinine level fell) and stopped when
renal function recovered; all patients
also received dopamine 2 �g/kg/min
and mannitol 20% 100 ml every six
hours. Mannitol was stopped on day 3
if patient remained oliguric

Mortality, proportion of patients
requiring dialysis and with
ototoxicity, and duration (mean
(SD) days) of dialysis needed

Allocation concealment unclear, double
blinded, 4.2% lost to follow-up, analysis
not by intention to treat, Jadad score 3

Kleinknechtw5 66 adults with oliguric acute renal
failure (urine output <500 ml/day)
but without chronic renal failure

Control group (n=33) placebo (not
defined). Frusemide group (n=33) 3
mg/kg every four hours to maintain
urine output between 20 ml/h and 100
ml/h and 6 mg/kg if diuresis remained
<20 ml/h, 1.5 mg/kg if diuresis between
100 ml/h and 150 ml/h, and none if
diuresis >150 ml/h. Maximal daily dose
was 1200 mg. Urine output replaced by
5% dextrose with saline 6 g/l and
potassium chloride 1.5 g/l

Mortality, proportion of patients
requiring dialysis and with
deafness or tinnitus, number of
dialysis sessions required (to
maintain serum urea level <71
mmol/l), and proportion of
patients remaining oliguria (<500
ml/day)

Allocation concealment not clear,
blinding not clear, losses to follow-up
not reported, unclear whether the
results were analysed by intention to
treat, Jadad score 1

Cantarovichw7 338 adults with acute renal failure
(plasma urea level >30 mmol/l and
oligoanuric for 48 hours) and
requiring renal replacement therapy

Control group (n=164) matched placebo
(not defined); frusemide group (n=166)
intravenous 25 mg/kg/day infusion,
changed to oral 35 mg/kg/day when
tolerated. All drugs given after dialysis
if intermittent dialysis was used.
Weaned to 20 mg/kg/day orally or 15
mg/kg/day intravenously then 10
mg/kg/day both orally and intravenously
and then 5 mg/kg/day before
discontinuation when renal function
recovered

Mortality, proportion of patients
with deafness or tinnitus, number
of dialysis sessions required (to
maintain serum creatinine level
<200 �mol/l)

Adequate allocation concealment,
double blinded, 2.4% losses to
follow-up, analysis by intention to treat,
Jadad score 5

Cantarovichw8 47 adults with acute renal failure
with urine output <400 ml/day and
with clear diagnosis of acute renal
failure and no response to mannitol
60 g within 24 hours

Control group (n=13) conventional
treatment (not defined); frusemide
group 1 (n=19) fixed dose 600 mg/day
until diuresis >2000 ml/day; frusemide
group 2 (n=15) progressive dose,
geometric progression¶ of frusemide
from 100 mg (over 30 minutes) to
3200 mg/day (over 10 hours)

Mortality, number of dialysis
sessions required, proportion of
patients who remained oliguric
(<400 ml/day)

Allocation concealment not clear, no
blinding,
losses to follow-up not reported,
unclear whether the results were
analysed by intention to treat, Jadad
score 1

Brownw6 56 adults with acute renal failure not
due to obstruction or dehydration;
patients were not necessarily
oligoanuric

Control group (n=28) intravenous
frusemide 4 mg/min for four hours
(total 1 g); frusemide group (n=28)
intravenous 4 mg/min for four hours
(total 1 g) followed by 2 mg/min
infusion or oral frusemide 1 g three
times daily to maintain urine output at
150 to 200 ml/h until serum creatinine
level <300 �mol/l without dialysis

Mortality, proportion of patients
requiring dialysis and with
deafness or tinnitus, number of
dialysis sessions required (to
maintain serum urea level <30
mmol/l and creatinine level <800
�mol/l), and proportion of patients
remaining or converted to oliguria
<500 ml/day

Allocation concealment not adequate,
no blinding, losses to follow-up not
reported, unclear whether results were
analysed by intention to treat, Jadad
score 1

Karayannopoulosw9 20 adults with acute renal failure or
acute on chronic renal failure.
Patients not described except age
and diagnoses matched between
control and treatment groups

Control group (n=10) conventional
treatment without frusemide (not
described); frusemide group (n=10) 1 g
initially and increased to 3 g over seven
days if no response

Proportion of patients requiring
dialysis

Allocation concealment not clear, no
blinding, losses to follow-up not
reported, unclear whether results were
analysed by intention to treat, Jadad
score 1

*Allocation concealment, blinding, proportion lost to follow-up, intention to treat analysis, and Jadad score (range 0-5, higher scores indicating better quality).
†Third treatment group (dopamine infusion, n=42) not included in meta-analysis.
‡Third treatment group (mannitol with 0.45% saline, n=25), not included in meta-analysis.
§ Third treatment group (torasemide, n=30), not included in meta-analysis.
¶No details on how geometric progression criteria were applied.
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used to prevent or to treat acute renal failure no significant dif-
ference was found on the effects of mortality (relative risk ratio
2.10, 95 confidence interval 0.67 to 6.63, P = 0.20) and the
proportion of patients requiring dialysis (4.12, 0.46 to 37.2,
P = 0.21). High dose frusemide (range 1-3.4 g daily) was
associated with a suggestion of an increased risk of temporary
deafness and tinnitus (relative risk 3.97, 95% confidence interval
1.00 to 15.78, P = 0.05, I2 = 0%; fig 4). The length of hospital stay

was reported in two preventive studies.w1 w2 Frusemide treatment
was associated with an increase in hospital stay (weighted mean
difference 3.57 days, 95% confidence interval 0.02 to 7.12,
P = 0.049, I2 = 0%). None of the studies reported a formal cost
effectiveness analysis. The funnel plot showed a small possibility
of publication bias, with absence of small studies showing a
reduction in mortality after frusemide treatment (fig 5).

Frusemide to prevent acute deterioration in renal function

Hagerw2

Lassniggw1

Subtotal (95% CI)

Total events: 10 (frusemide), 4 (placebo)

Test for heterogeneity: χ2=0.31, df=1, P=0.58, I 2=0%

Test for overall effect: z=1.46, P=0.15

Frusemide to treat acute renal failure

Brownw6

Cantarovichw7

Cantarovichw9

Cantarovichw9

Kleinknechtw5

Shillidayw4

Subtotal (95% CI)

Total events: 125 (frusemide), 109 (placebo)

Test for heterogeneity: χ2=1.46, df=5, P=0.92, I 2=0%

Test for overall effect: z=0.85, P=0.39

Total (95% CI)

Total events: 135 (frusemide), 113 (placebo)

Test for heterogeneity: χ2=3.53, df=7, P=0.83, I 2=0%

Test for overall effect: z=1.08, P=0.28

6/62

4/41

103

18/28

59/166

9/19

6/15

13/33

20/32

293

396

Study or subcategory

Inhospital mortality

Requirement for renal replacement therapy or dialysis

Frusemide

3/59

1/40

99

16/28

50/164

7/13

7/13

12/33

17/30

281

380

Placebo

1.92

0.75

2.67

19.25

36.16

7.22

5.41

9.01

20.29

97.33

100.00

Weight
(%)

1.90 (0.50 to 7.26)

3.90 (0.46 to 33.42)

2.33 (0.75 to 7.25)

1.13 (0.74 to 1.72)

1.17 (0.86 to 1.59)

0.88 (0.44 to 1.76)

0.74 (0.33 to 1.65)

1.08 (0.58 to 2.01)

1.10 (0.73 to 1.67)

1.09 (0.90 to 1.31)

1.11 (0.92 to 1.33)

Frusemide to prevent acute deterioration in renal function

Hagerw2

Lassniggw1

Solomonw3

Subtotal (95% CI)

Total events: 3 (frusemide), 0 (placebo)

Test for heterogeneity: χ2=0.03, df=1, P=0.86, I 2=0%

Test for overall effect: z=1.27, P=0.21

Frusemide to treat acute renal failure

Brownw6

Karayannopoulosw9

Kleinknechtw5

Shillidayw4

Subtotal (95% CI)

Total events: 70 (frusemide), 77 (placebo)

Test for heterogeneity: χ2=21.68, df=3, P<0.0001, I 2=86.2%

Test for overall effect: z=0.39, P=0.69

Total (95% CI)

Total events: 73 (frusemide), 77 (placebo)

Test for heterogeneity: χ2=13.95, df=5, P=0.02, I 2=64.2%

Test for overall effect: z=0.12, P=0.91

0/62

2/41

1/25

128

28/28

1/10

31/33

10/32

103

231

0/59

0/40

0/28

127

27/28

7/10

31/33

12/30

101

228

0.47

0.43

0.90

47.31

1.16

42.66

7.96

99.10

100.00

Not estimable

4.88 (0.24 to 98.60)

3.35 (0.14 to 78.60)

4.08 (0.46 to 35.96)

1.04 (0.97 to 1.11)

0.14 (0.02 to 0.96)

1.00 (0.88 to 1.13)

0.78 (0.40 to 1.54)

0.94 (0.71 to 1.26)

0.99 (0.80 to 1.22)

Relative risk (random
effect) (95% CI)

Relative risk (random
effect) (95% CI)

No with event/No in group

0.01 0.1 1 10 100

Favours
frusemide

Favours
control

Fig 2 Effect of frusemide on in-hospital mortality and proportion of patients requiring renal replacement therapy or dialysis
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Sensitivity analyses
The magnitude and significance of the results were not changed
after excluding one study that used a single bolus of frusemide in
the control groupw6 or studies without adequate allocation
concealment.w4-w6 w8 w9

Discussion
Meta-analysis showed that frusemide is not effective in the
prevention and treatment of acute renal failure in adults. Fruse-

mide did not reduce in-hospital mortality, the requirement for
dialysis, the number of dialysis sessions required until recovery of
renal function, the proportion of patients remaining oliguric
(urine output < 500 ml/day), and the length of hospital stay.
Furthermore, high doses may be associated with an increased
risk of ototoxicity.

Frusemide has been shown to reduce renal tubular damage
in experimental settings and as such has been widely used to
prevent or treat acute renal failure. It has been argued that fruse-
mide, especially at high doses, may convert oliguric acute renal

Brownw6

Cantarovichw7

Cantarovichw9

Cantarovichw9

Kleinknechtw5

Shillidayw4

Total (95% CI)

Test for heterogeneity: χ2=0.18, df=3, P=0.98, I 2=0%

Test for overall effect: z=0.96, P=0.34

10

166

19

15

20

32

262

Study or subcategory No of
participants

6.21 (2.81)

6.50 (5.40)

6.80 (NA)

2.80 (NA)

5.50 (3.22)

13.40 (13.70)

Frusemide
mean (SD)

12

164

13

13

22

30

254

No of
participants

7.13 (3.64)

6.90 (5.30)

8.80 (NA)

8.80 (NA)

6.09 (5.39)

13.20 (10.70)

Control
mean (SD)

13.01

71.04

13.40

2.55

100.00

Weight
(%)

-0.92 (-3.62 to 1.78)

-0.40 (-1.55 to 0.75)

Not estimable

Not estimable

-0.59 (-3.25 to 2.07)

0.20 (-5.90 to 6.30)

-0.48 (-1.45 to 0.50)

Weighted mean difference
(random effect) (95% CI)

Weighted mean difference
(random effect) (95% CI)

-10 -5 0 5 10

Favours
frusemide

Favours
control

Fig 3 Number of dialysis sessions required after frusemide or control treatments. NA=not available

Patients who remained oliguric

Brownw6

Cantarovichw8

Cantarovichw8

Kleinknechtw5

Total (95% CI)

Total events: 44 (treatment), 69 (control)

Test for heterogeneity: χ2=32.63, df=3, P<0.0001, I 2=90.8%

Test for overall effect: z=1.11, P=0.27

Patients who mentioned deafness or tinnitus

Brownw6

Cantarovichw8

Kleinknechtw5

Shillidayw4

Total (95% CI)

Total events: 9 (treatment), 1 (control)

Test for heterogeneity: χ2=0.28, df=3, P=0.96, I 2=0%

Test for overall effect: z=1.96, P=0.05

Study or subcategory

23.85

24.89

22.88

28.38

100.00

21.25

37.49

22.24

19.02

100.00

0.15 (0.06 to 0.38)

0.91 (0.41 to 2.01)

0.58 (0.21 to 1.61)

0.90 (0.76 to 1.07)

0.54 (0.18 to 1.61)

5.00 (0.25 to 99.67)

2.96 (0.31 to 28.20)

7.00 (0.38 to 130.41)

2.82 (0.12 to 66.62)

3.97 (1.00 to 15.78)

4/28

8/19

4/15

28/33

95

2/28

3/166

3/33

1/32

259

Study or subcategory Frusemide

26/28

6/13

6/13

31/33

87

0/28

1/164

0/33

0/30

255

Control Weight
(%)

Relative risk (random
effect) (95% CI)

Relative risk (random
effect) (95% CI)

No with event/No in group
Relative risk (random

effect) (95% CI)

0.01 0.1 1 10 100

Favours
frusemide

Favours
control

Fig 4 Proportion of patients remaining oliguric (urine output <500 ml/day) after frusemide or control treatments and those mentioning tinnitus or deafness

Relative risk (fixed effect)

Favours controlFavours frusemide

SE
 (l

og
 re

la
tiv

e 
ris

k)

0.001 0.01 0.1 1 10 100 1000

1.6

1.2

0.8

0.4

0.0

Fig 5 Funnel plot showing possibility of small publication bias (broken lines show overall effect and 95% confidence intervals)
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failure to non-oliguric acute renal failure and thus reduce the
requirement for dialysis.w7 w14 This meta-analysis did not show
these potential benefits. As frusemide is largely excreted
unchanged in the urine and influences tubular reabsorption
from the luminal side, it is the urinary excretion of the drug, not
its plasma concentration, that determines the efficacy of its diu-
retic action.11 12 Non-oliguric acute renal failure is in general
associated with a better prognosis than oliguric acute renal fail-
ure,5 and studies have shown that patients who have diuretic
responses to frusemide have less severe acute renal failure.w4

Therefore a positive diuretic response to frusemide may indicate
that patients have a milder form of acute renal failure rather than
frusemide being capable of converting a more severe form of
acute renal failure to a less severe form and improve the
outcome.w4 13 Our results agree with this hypothesis.

Frusemide, especially at high doses, is associated with impor-
tant side effects. Previous observational studies have produced
conflicting results about frusemide’s association with mortality.2 6

We did not find any significant increase in mortality after fruse-
mide treatment. High doses of frusemide (1-3.4 g daily) may,
however, be associated with an increased risk of ototoxicity.
Frusemide is primarily excreted by the kidneys and high doses
can increase its serum concentration substantially in acute renal
failure12 w8 and hence the higher risk of ototoxicity. Most of the
symptoms of ototoxicity reported by the patients in the pooled
studies resolved after treatment was stopped. Nevertheless,
sedated and ventilated patients with acute renal failure in the
intensive care unit would not be able to communicate their
symptoms of ototoxicity and, as such, high doses of frusemide
potentially may be more dangerous.

Limitations of the study
Firstly, meta-analyses are prone to bias, and study quality can
affect the direction and magnitude of treatment effect. In the
pooled studies only four trials had adequate allocation
concealmentw1-w3 w7 and four had a Jadad score of 3 or more.w1 w2 w4

w7 The magnitude and direction of the results was not changed in
sensitivity analysis by including only the four studies with
adequate allocation concealment. Furthermore, the number of
patients included in this meta-analysis may be inadequate to
exclude small but significant clinical benefits of frusemide. With
the sample size of this meta-analysis (204 patients when consid-
ering requirement for renal dialysis as an end point in

established acute renal failure), a positive protective effect of
frusemide on the risk for requiring dialysis can only be shown if
the associated relative risk reduction exceeds 30%. If frusemide
can reduce the relative risk for requiring dialysis by only 20%, a
sample size of 400 patients would be required to show such an
effect if the baseline risk for requiring dialysis is 70% in the con-
trol group. Secondly, with the absence of small studies showing a
reduction in mortality after the use of frusemide small
publication bias was possible (fig 5). This apparent bias is
unusual because it implies a lack of published studies with posi-
tive results. The asymmetrical shape of the funnel plot could be
the result of the small number of studies included in this
meta-analysis rather than true publication bias.14 Finally,
although the results of this meta-analysis were largely consistent
across the studies included, significant differences were found in
how frusemide was given. The benefits of a particular dose or
mode of administration remain uncertain because of the small
number of studies included in this meta-analysis.
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What is already known in this topic

Frusemide, a potent loop diuretic, can induce diuresis in
some patients with acute renal impairment

What this study adds

Frusemide is not associated with any clinical benefits when
used to prevent and treat acute renal failure in adults

High doses of frusemide may be associated with an
increased risk of ototoxicity
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