
Introduction

Furosemide is frequently given to patients following
open heart surgery, but controlled clinical trials are
rare. In a review of the literature, Martin and Danzinger
reported on only three controlled trials comparing con-
tinuous infusion of furosemide with an intermittent bo-
lus injection [1].

In 1983, Copeland et al. described 18 adult post-open
heart surgery patients. They found no significant differ-
ence in urine output between a continuous infusion and
an intermittent bolus injection of furosemide. But pa-

tients treated with the continuous infusion showed a
more controlled and physiologic diuresis compared to
the intermittent group [2].

Singh et al. supported these findings in a pediatric co-
hort [3]. Their intermittent group received a minimum
of 1 mg/kg of intravenous furosemide every 4 h, result-
ing in a daily dose of L 6 mg/kg. The continuous infu-
sion group was given a minimum of 0.1 mg/kg ⋅ h, result-
ing in a lower daily dose ofL 2.4 mg/kg. The patients in
the intermittent group received a significantly higher
dose of furosemide than those in the continuous infu-
sion group. The urine output values in the two groups
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Abstract Objective: To compare
the amount of furosemide needed to
fulfil defined criteria for renal out-
put if given intermittently or as a
continuous infusion and to compare
the effect of these two regimens on
hemodynamic variables and urine
electrolyte concentrations.
Design: Prospective randomized
study of postoperative hemodynam-
ically stable pediatric cardiac pa-
tients. The patients were given furo-
semide according to the urine out-
put, either as an intermittent bolus
injection or as a continuous infusion.
Setting: Pediatric intensive care unit
in a university hospital
Patients: The patients were random-
ly assigned before admission to ei-
ther the intermittent i. v. or the con-
tinuous furosemide i. v. infusion
group.
Measurements and results: Demo-
graphic and hemodynamic data
were recorded for a maximum of

72 h, as were furosemide dose, urine
output, and fluid and inotropic drug
requirements. Forty-six patients
completed the study. Maximal hour-
ly urine output was significantly
higher in the intermittent group. A
significantly lower dose of furo-
semide in the intermittent group
produced the same 24-h urine vol-
ume as in the continuous infusion
group.
Conclusions: Intermittent furosemi-
de administration may be recom-
mended in hemodynamically stable
postoperative pediatric cardiac pa-
tients because of less drug require-
ment. However, the high maximal
urine output may cause hemody-
namic problems in patients who de-
pend on high inotropic support.
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were similar and the continuous furosemide group
showed less urinary loss of sodium and chloride. The au-
thors concluded that a continuous i. v. infusion of furo-
semide is advantageous in postoperative pediatric cardi-
ac patients, when compared to intermittent furosemide
administration.

The third study was reported only in abstract form.
The authors found a significantly greater average urine
output in the continuous infusion group compared with
the bolus injection group [4].

Other investigators studied the effect of continuous
infusion versus bolus injection of furosemide in patients
with congestive heart failure [5, 6]. Continuous infusion
resulted in greater diuresis [5], and weight loss and relief
of symptoms were observed in patients resistent to in-
termittent administration of furosemide [6]. However,
all studies were performed with either a fixed dose of
furosemide in both groups [2, 4–6] or with a higher
dose in the intermittent group [3]. These dose regimens
may have contributed to the advantages seen with the
continuous infusion of furosemide. Therefore, we con-
ducted a prospective clinical trial using a study protocol
based on furosemide doses calculated according to the
urine output.

Patients and methods

The study population consisted of pediatric patients with congeni-
tal heart defects who were treated after cardiac surgery in our in-
tensive care unit. The study protocol had been reviewed and ap-
proved by local authorities. The patients were randomly assigned
before admission to either the intermittent i. v. (group 1) or the
continuous i. v. infusion group (group 2). The patients were re-
viewed after admission to the unit. Patients who were
hemodynamically unstable, requiring high doses of dopamine
(> 10 mg/kg per min) and/or adrenaline or noradrenaline (> 0.3 mg/
kg per min) were excluded from the study. All patients were treat-
ed according to the following guidelines: total fluid intake was
40 ml/m2 body surface ⋅ h on the day of surgery and 60 ml/m2 body

surface ⋅ h on the following days. Electrolytes were administered
according to serum electrolyte values: if potassium levels fell below
40 mmol/l, 1 mmol/kg BW i. v. potassium was given. The patients
received antibiotic prophylaxis with cefuroxime 100 mg/kg body
weight.

The study period started when the urine output fell below
< 1 ml/kg per h. If central venous pressure (CVP) was
< 5 cm H2O, indicating deficient intravascular volume, 10 ml/kg of
the maintenance fluid (glucose 5%) was administered. If CVP
was > 5 cm H2O, the patient was given the first dose of furosemide.
Patients who were assigned to group 1 received 0.5 mg/kg furo-
semide. In group 2 we started a continuous infusion of 2 mg/kg
per day. If the urine output remained > 1 ml/kg per h and < 3 ml/
kg per h during the study period, the dose of furosemide was ad-
justed according to the study protocol (Table 1). In the case of a
urine output < 1 ml/kg per h or > 3 ml/kg per h, the dose was ad-
justed immediately. The maximal duration of the study period
was 72 h.

Demographic data and baseline variables recorded included
age, weight, congenital heart defect, surgical procedure, number
and amount of additional fluids administered, and potassium in-
take after the first dose of furosemide. The following variables
were measured before and at regular intervals during the study pe-
riod: CVP, hourly urine output, serum electrolyte values, including
serum creatinine, at least twice a day, and urinary electrolyte val-
ues once a day.

The following parameters were calculated: maximal decrease
of CVP (CVP before furosemide/minimal CVP after furosemide),
urine output related to furosemide administration [urine output
(ml/day)/furosemide (mg/day)] and loss of potassium related to
furosemide administration [potassium (mmol/day)/furosemide
(mg/day)].

Demographic and baseline variables are represented as
means ± SD. Differences between the groups were determined us-
ing the Wilcoxon test for nonrelated parameters. Statistical signifi-
cance was inferred with p < 0.05.

Results

Fifty-seven patients were enrolled into the study. Two
patients had to be excluded after surgery because of
postoperative hemodynamic instability, and 9 patients
did not require furosemide during the study period.
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Urine output Intermittent group Continuous group

Starting of the study period if urine output < 1 ml/kg ⋅ h

Starting dose 0.5 mg/kg BW 2 mg/kg BW ⋅ day

< 6 ml/kg BW ⋅ 6 h (< 1 ml/kg BW ⋅ h)
and CVP < 5 cm H2O

0.5 mg/kg BW and
10 ml/kg BW fluid

2 mg/kg BW ⋅ day and
10 ml/kg BW fluid

< 6 ml/kg ⋅ 6 h (< 1 ml/kg BW ⋅ h)
and CVPL 5 cm H2O 1 mg/kg BW 4 mg/kg BW ⋅ day

L 6 ml < 12 ml/kg BW ⋅ 6 h
(L 1 ml < 2 ml/kg BW ⋅ h)

0.5 mg/kg BW 2 mg/kg BW ⋅ day

L 12 ml < 18 ml/kg BW ⋅ 6 h
(L 2 ml < 3 ml/kg BW ⋅ h)

0.25 mg/kg BW 1 mg/kg BW ⋅ day

L 18 ml/kg BW ⋅ 6 h
(L 3 ml/kg BW ⋅ h)

No furosemide No furosemide

Table 1 Doses of furosemide
according to urine output



Therefore, 46 patients were treated according to the
study protocol. Twenty-three patients were randomly
assigned to the intermittent group and 23 patients were
given a continuous infusion of furosemide.

The distribution of diagnoses in both groups was sim-
ilar (intermittent group listed first): atrial septal defect 6
vs 5; ventricular septal defect 4 vs 2; tetralogy of Fallot 4
vs 3; atrioventricular canal 4 vs 4; aortic stenosis 1 vs 1;
coarctation 1 vs 1; aorto-pulmonary window 1 vs 0; pul-
monary stenosis 1 vs 0; single ventricle 1 vs 0; double-
chambered right ventricle 0 vs 2; double-outlet right
ventricle 0 vs 3; mitral insufficiency 0 vs 1. In the inter-
mittent group (group 1) 7 infants and 15 children were
treated compared to 6 infants and 16 children in
group 2. There were no significant differences in the
two groups regarding age (group 1, 2.4 ± 2.1 years vs
3.4 ± 3.1 years in group 2), weight (10.8 ± 5.7 vs 14.5 ±
9.3 kg), CVP before (7.5 ± 2.2 vs 8.4 ± 2.7 mmHg) and
after furosemide (4.6 ± 2.7 vs 4.6 ± 3.3 mm Hg), and the
dose of dopamine (1.93 ± 0.98 vs 1.26 ± 0.86 mg/kg per
min). There was no significant difference between the
two groups regarding serum creatinine values before
and during the study period (creatinine level before sur-
gery: 0.3 ± 0.06 mg/dl, minimum 0.2 mg/dl, maximum
0.4 mg/dl vs 0.4 ± 0.1 mg/dl, minimum 0.2 mg/dl, maxi-
mum 0.5 mg/dl; highest creatinine value during the
study period: 0.3 ± 0.1 mg/dl, minimum 0.2 mg/dl, maxi-
mum 0.5 mg/dl vs 0.4 ± 0.1 mg/dl, minimum 0.2 mg/dl,

maximum 0.7 mg/dl). The measured and calculated val-
ues are displayed in Table 2.

In both groups, 18 patients needed additional volume
administration during the study period (cf. Table 3).
Furosemide had to be increased in 5 patients in both
groups; in group 1 the furosemide dose was lowered in
17 patients versus only 8 patients in group 2. The maxi-
mal furosemide dose was 3.5 mg/kg BW ⋅ day in group 1
and 3.8 mg/kg BW ⋅ day in group 2, respectively. Furo-
semide therapy was stopped in 1 patient in both groups
on day 2 of the study period.

The patients in the intermittend group needed a sig-
nificantly lower daily dose of furosemide. As the urinary
output values in the two groups were similar, the urine
output per mg furosemide in the intermittent group
was significantly higher when compared to the continu-
ous infusion group.

The minimal hourly urine output was not different in
the two groups. The maximal hourly urine output, how-
ever, was significantly higher in the intermittent group
than in the continuous infusion group.

Discussion

Our results seem to be contradictory to most of the stud-
ies comparing intermittent administration to continuous
infusion of furosemide. However, all the studies pub-
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Intermittent group Continuous group p value

Urine output (ml/kg BW ⋅ h)
Day 1 3.1 ± 0.8 2.7 ± 0.8 NS
Day 2 2.9 ± 1.1 2.9 ± 0.9 NS
Day 3 2.9 ± 1.0 3.6 ± 1.1 NS

Furosemide dose (mg/kg BW ⋅ d)
Day 1 1.6 ± 0.6 2.1 ± 0.7 0.014
Day 2 0.9 ± 0.5 1.7 ± 0.6 0.0003
Day 3 1.0 ± 0.5 1.7 ± 1.0 0.014

Urine output/furosemide dose (ml/mg)
Day 1 51.2 ± 19.2 32.1 ± 17.6 0.03
Day 2 62.5 ± 20.9 41.1 ± 13.3 0.002
Day 3 67.9 ± 25.6 46 ± 20.5 0.041

Urine maximal (ml/kg BW ⋅ h) 15.8 ± 3.7 9.4 ± 4.1 < 0.0001
Urine minimal (ml/kg BW ⋅ h) 0.3 ± 0.2 0.5 ± 0.3 NS

Urinary potassium (mmol/l urine)
Day 1 541.2 ± 262.4 500.0 ± 109.5 NS
Day 2 389.2 ± 203.8 559.1 ± 225.7 NS
Day 3 228.3 ± 177.9 307.5 ± 266.5 NS

Urinary potassium/furosemide dose (mmol/l urine ⋅ mg furosemide)
Day 1 438.5 ± 380.7 284.6 ± 170.2 NS
Day 2 472.9 ± 394.4 350.9 ± 198.1 NS
Day 3 237.6 ± 202.1 101.4 ± 110.6 NS

Potassium intake (mmol/kg BW ⋅ d)
Day 1 1.4 ± 0.86 1.6 ± 0.7 NS
Day 2 1.5 ± 0.7 3.0 ± 4.4 NS
Day 3 1.5 ± 0.8 1.4 ± 0.8 NS

Table 2 Results for both inter-
mittent and continuous admin-
istration of furosemide



lished so far were performed with either a fixed dose of
furosemide in both groups [2, 4–6] or with a higher
dose in the intermittent group [3].

We tried to adjust the dose of furosemide to the pa-
tient’s need instead of administering a fixed dose. Inter-
mittent administration of furosemide resulted in a sig-
nificantly lower daily dose of furosemide over the study
period (3 days) and the dose was significantly more ef-
fective. One might argue that the algorithm was not fol-
lowed in the group with continuous infusion, as a urine
output of 2.7–3.6 ml/kg BW per h should have resulted
in a furosemide dose of 1 mg/kg BW per day (cf. Ta-
bles 1, 2). Our patients, however, received 1.7–2.1 mg/
kg BW per day (cf. Table 2). Although the cause of this
discrepancy is not completely clear, it may be that the
the lower concentration of furosemide at the tubular re-
ceptor during the continuous infusion attenuates the ef-
fectiveness of the administered dose. This is supported
by the study by Copeland et al. [2], who administered
very low doses of 1.2 mg/kg BW and did not see any dif-
ference in the effectiveness of a continuous infusion ver-
sus a bolus injection of furosemide. On the contrary,
others who used markedly higher doses of furosemide
saw greater effectiveness with a continuous infusion of
furosemide [3, 7].

In a prospective cross-over trial on patients with con-
gestive heart failure by Lahav et al., low doses of 90–
120 mg/day were used [5]. They found greater diuresis
and natriuresis when administering a continuous infu-
sion of furosemide following a single loading dose. But

they used a fixed dose of furosemide in both groups
and the bolus injection was given every 8 h regardless
of the hourly urine output. In a prospective study, Green
et al. measured the serum half-life (t1/2) of furosemide
and found it to be approximately 70 min in healthy chil-
dren and 120 min in children with congestive heart fail-
ure (CHF), with great interindividual variations (17–
249 min in children with CHF and 54–110 min in chil-
dren without heart disease) [8]. The time interval of 8 h
reported by Lahav et al. may be more than 10 × t1/2, re-
sulting in an almost complete loss of furosemide activity.

After one single dose of furosemide, diuresis peaks
within 1 to 2 h [5]. In patients who receive a continuous
infusion of furosemide without a loading dose, the di-
uretic response may be delayed for several hours, as re-
ported by Copeland et al. [2]. This might explain the
lower activity of furosemide on the first day of our study.
But as we required a higher dose of furosemide during
continuous infusion on the following days as well, the
clinical significance of this delay does not seem to be im-
portant.

Mean fluid intake was higher in the intermittent bo-
lus group, but this was not statistically significant (cf. Ta-
ble 3). Furthermore, the difference was mainly caused
by one patient who required 100 ml/kg BW of additional
volume because of low blood pressure. Therefore, we
believe that this difference did not influence our results.

Acute adverse effects of furosemide therapy are un-
common. Supraventricular tachycardia associated with
continuous infusion of high dose furosemide (0.75–
1 mg/kg BW ⋅ h), caused by a rapid fluid shift in the in-
travascular volume produced by furosemide administra-
tion and drug-related fever have been reported [9, 10].

We did not see any severe adverse effects. Blood
pressure was stable during the study period and no ar-
rhythmias occurred.

We think that small doses of furosemide may be suffi-
cient to maintain good renal function in the hemody-
namically stable patient. In these patients, intermittent
diuretic therapy with furosemide may be more effective
than continuous infusion if the doses are adjusted ac-
cording to the hourly urine output.

As others have found [3, 5], we found greater vari-
ability in urine output in the intermittent group than in
the continuous infusion group. But CVP was not signifi-
cantly different in the two groups during the study peri-
od, indicating hemodynamic stability.

We conclude that intermittent therapy with furo-
semide may be recommended for the hemodynamically
stable postoperative pediatric cardiac patient. Patients
who are hemodynamically unstable should be given a
continuous infusion because of the more predictable
urine output.
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Table 3 Comparison of additional fluid administration in the two
groups

Intermittent
group

Continuous
group

p
value

Day 1
10 ml/kg BW 7 8
20 ml/kg BW 5 7
30 ml/kg BW 1 0
> 30 ml/kg BW 3 2
Median (ml/kg BW) 10 10 NS
Mean (ml/kg BW) 17.9 13.4 NS
Maximum (ml/kg BW) 100 40

Day 2
10 ml/kg BW 7 6
20 ml/kg BW 0 2
30 ml/kg BW 3 1
Median (ml/kg BW) 0 0 NS
Mean (ml/kg BW) 6.1 5.7 NS
Maximum 30 30

Day 3
10 ml/kg BW 0 1
20 ml/kg BW 4 0
Median (ml/kg BW) 0 0
Mean (ml/kg BW) 5.7 0.8 NS
Maximum 20 10 NS
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