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A B S T R A C T

Background

Loop diuretics, when given as intermittent bolus injections in acutely decompensated heart failure, may cause fluctuations in intravascular
volume, increased toxicity and development of tolerance. Continuous infusion has been proposed to avoid these complications and result
in greater diuresis, hopefully leading to faster symptom resolution, decrease in morbidity and possibly, mortality.

Objectives

To compare the eGects and adverse eGects of continuous intravenous infusion of loop diuretics with those of bolus intravenous
administration among patients with congestive heart failure Class III-IV.

Search methods

We searched the Cochrane Central Register of Controlled Trials (The Cochrane Library Issue 2, 2003), MEDLINE (1966 to 2003), EMBASE
(1980 to 2003) and the HERDIN database. We also contacted pharmaceutical companies .

Selection criteria

Randomized controlled trials comparing the eGicacy of continuous intravenous infusion versus bolus intravenous administration of loop
diuretics in congestive heart failure were included

Data collection and analysis

Two reviewers independently assessed study eligibility, methodological quality and did data extraction. Included studies were assessed
for validity. Authors were contacted when feasible. Adverse eGects information was collected from the trials.

Main results

Eight trials involving 254 patients were included. In seven studies which reported on urine output, the output (as measured in cc/24 hours)
was noted to be greater in patients given continuous infusion with a weighted mean diGerence (WMD) of 271 cc/24 hour (95%CI 93.1 to
449; p<0.01). Electrolyte disturbances (hypokalemia, hypomagnesemia) were not significantly diGerent in the two treatment groups with
a relative risk (RR) of 1.47 (95%CI 0.52 to 4.15; p=0.5). Less adverse eGects (tinnitus and hearing loss) were noted when continuous infusion
was given, RR 0.06 (95%CI 0.01 to 0.44; p=0.005). Based on a single study, the duration of hospital stay was significantly shortened by
3.1days with continuous infusion WMD -3.1 (95%CI -4.06 to -2.20; p<0.0001) while cardiac mortality was significantly diGerent in the two
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treatment groups, RR 0.47 (95% CI 0.33 to 0.69; p<0.0001). Based on two studies, all cause mortality was significantly diGerent in the two
treatment groups, RR 0.52 (95%CI 0.38 to 0.71; p<0.0001).

Authors' conclusions

Currently available data are insuGicient to confidently assess the merits of the two methods of giving intravenous diuretics. Based on
small and relatively heterogenous studies, this review showed greater diuresis and a better safety profile when loop diuretics were given
as continuous infusion. The existing data still does not allow definitive recommendations for clinical practice and larger studies should be
done to more adequately settle this issue.

P L A I N   L A N G U A G E   S U M M A R Y

Continuous infusion of loop diuretics are safer and more e4ective than intermittent administration for people with congestive
heart failure

Congestive heart failure (CHF) is reduced ability of the heart to pump blood around the body. The body tries to compensate by retaining
water to increase blood volume, but this further weakens the heart. Diuretic drugs reduce water in the body. Loop diuretics work on the
deep part of the small kidney tubes. They are commonly used in repeated doses intravenously for CHF, but this can cause rapid fluid shiOs
and adverse eGects. The review of trials found that continuous infusion of loop diuretics for people with CHF is more eGective and has
fewer adverse eGects than intermittent doses.
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B A C K G R O U N D

Loop diuretics are a potent group of drugs which have long
been used in the management of acute pulmonary congestion
secondary to heart failure. When given intravenously as bolus
injections, the traditional mode of administration, these drugs
result in vigorous and rapid diuresis. Several concerns regarding
this method of administration however have been raised. It has
been proposed that giving intermittent boluses of these diuretics
may lead to marked fluctuations in intravascular volume and to
high peak serum levels, thereby increasing their toxicity (Branck
1977). Likewise, administering repetitive large doses of a loop
diuretic may lead to the development of acute tolerance to the
drug due to compensatory renal sodium retention which may occur
well aOer the drug eGect has subsided (Wilcox 1983; Hammarlund
1985; Cook 1987; Cook 1988). Theoretically, it was proposed
that loop diuretics (furosemide being the most widely used),
when given by continuous infusion may decrease the fluctuations
in intravascular volume resulting in a relatively constant urine
output (Copeland 1983). This may also prevent the accumulation
of toxic levels of these drugs thereby causing fewer and less
severe side eGects (Lawson 1978). This method of administration
would also allow rapid termination of overly vigorous diuresis
as a side eGect. In patients refractory to conventional doses
of diuretics, continuous intravenous administration may allow a
gradual increase in infusion rate until the desirable hourly diuretic
eGect is reached (Lawson 1978; Krasna 1986).

With the proposed theoretical advantage of giving loop diuretics
as continuous infusion rather than as bolus injections, clinical
studies to test this hypothesis have surfaced. The earlier clinical
studies using continuous diuretic infusion however were done in
post-open heart surgery patients and in those with chronic renal
failure (Copeland 1983; Rudy 1991). In the study with chronic
renal failure patients as participants, the continuous infusion
of loop diuretics have been shown to provide a more eGicient
and constant delivery of diuretic to the nephron, eliminate the
diuretic-free interval during which compensatory sodium retention
occurs, and decrease the development of tolerance (Rudy 1991).
However, none of the patients in these studies had congestive
heart failure so that their results could not be extrapolated for
patients with congestive heart failure (Lahav 1992). Since there
was the awareness that the dose response curve of diuretics may
be diGerent in congestive heart failure patients (Brater 1985), a
few randomized controlled trials have surfaced to compare the
eGicacy of the conventional bolus intravenous administration of
diuretics with continuous infusion, with conflicting results (Lahav
1992; Dormans 1996; Schuller 1997). Knowing the more eGicacious
mode of administration of these potent diuretics would be very
helpful in optimizing the management of patients with congestive
heart failure, hopefully resulting in faster symptom resolution, a
decrease in morbidity and possibly mortality. For a glossary of
terminology please see Table 1.

O B J E C T I V E S

To compare the eGects and adverse eGects of continuous
intravenous infusion of loop diuretics with those of bolus
intravenous administration among patients with congestive heart
failure Class III-IV.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All randomized controlled trials comparing the eGicacy of
continuous IV infusion versus bolus IV administration of loop
diuretics in congestive heart failure were included in this review. In
cross-over trials, only data from the first part of the study (prior to
the cross-over) were included whenever possible. Trials using other
allocation methods such as alternate allocation or retrospective
controls were excluded.

Types of participants

Patients greater than 18 years of age with congestive heart failure
Class III-IV from any etiology.

Types of interventions

Intravenous continuous infusion of loop diuretics versus
intravenous bolus administration in patients with congestive heart
failure.

Types of outcome measures

Primary outcome measures included determination of total urine
output, days required for resolution of failure symptoms, length
of hospitalization and death. Secondary outcome measures
determined included changes in electrolyte balance, blood urea
nitrogen (BUN) and creatinine levels following the mode of
administration; timing and duration of response to both modes
of administration; and assessment of dose-response relationships.
When feasible, possible interactions of diuretic therapy with the
underlying diagnosis or pathophysiology (e.g. systolic vs. diastolic
dysfunction) were determined. All adverse eGects (whether or not
discontinuation of the mode of loop diuretic administration was
necessitated) were documented.

Search methods for identification of studies

Computer-assisted searches were made on the latest issue of
the Cochrane Central Register of Controlled Trials (The Cochrane
Library Issue 2, 2003) using terms in the strategy outlined below.
These were adapted for other databases, MEDLINE 1966 - 2003,
EMBASE 1980-2003 and the HERDIN database. Appropriate RCT
filters for MEDLINE (Dickersin 1994) and EMBASE (Lefebvre 1996)
were used. In addition, cardiology textbooks and the reference lists
of articles found were examined. Pharmaceutical companies and
authors were contacted where feasible. Limited handsearching was
done.

#1 HEART-FAILURE-CONGESTIVE*:ME

#2 (HEART near FAILURE)

#3 (CONGESTIVE near HEART)

#4 (CARDIAC near FAILURE)

#5 (((#1 or #2) or #3) or #4)

#6 (LOOP near DIURETIC*)

#7 DIURETICS-SULFAMYL*
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#8 (HIGH-CEILING near DIURETIC*)

#9 (CEILING near DIURETIC*)

#10 FUROSEMID*

#11 FRUSEMID*

#12 LASIX

#13 BUMETANIDE

#14 ETHACRYNIC

#15 TORASEMIDE

#16 PIRETANIDE

#17 BURINEX

#18 TOREM

#19 TORSEMIDE

#20 (((((((((#6 or #7) or #8) or #9) or #10) or #11) or #12) or #13) or
#14) or #15)

#21 ((#16 or #17) or #18) or #19)

# 22 (#20 or #21)

#23 (#5 and #22)

Data collection and analysis

All trials identified on the research topic were evaluated by two
reviewers to determine relevant articles for full text retrieval. The
retrieved studies were assessed for eligibility by the two reviewers
according to the inclusion criteria specified. For each trial fulfilling
the inclusion requirements, an assessment of methodological
quality was done by the two reviewers independently. Data
extraction was also done independently by the two investigators.
The information collected from each trial included study design,
patient characteristics, interventions compared and outcomes
measured. Authors of studies were contacted when the need for
additional information arose. A third reviewer did an independent
review to settle any diGerence of opinion between the two primary
reviewers.

Included studies were assessed for validity using the Philippine
Cardiovascular Research Group Meta-analysis Quality Scale
(Alejandria 2003). This instrument determined the presence
of selection, performance, exclusion and detection biases,
qualitatively. Specific terms evaluated in this instrument were
allocation concealment, balance in baseline characteristics,
blinding, drop-out rates and analysis by intention-to-treat (ITT).
Extracted data were entered in the Review Manager 4.1 and
analyzed by determining relative risks, odds ratio and weighted
mean diGerence. Analyses were stratified according to the specific
diuretic, dose and etiology of the congestive heart failure,
whenever possible. The chi-square test was used to assess
the likelihood of heterogeneity of the study population. When
no statistical heterogeneity existed and pooling of results was
clinically appropriate, meta-analysis was performed using a fixed
eGects model.

R E S U L T S

Description of studies

The search strategy yielded 292 studies. On review of the titles
available, 275 studies were excluded because they did not directly
involve loop diuretics, dealt with clinical conditions other than
congestive heart failure or involved pediatric patients. Of the
remaining 17 studies, eight were excluded since they were either
literature reviews or trials not directly comparing continuous
versus intermittent administration of loop diuretics. The nine
remaining studies were published from 1992 to 2003. Among the
nine studies, the study of Licata (Licata 2003) was an extension
of a previous report by Paterna (Paterna 2000), and employed
a larger number of patients with a longer follow-up period. For
this reason, the study of Licata was used in this review rather
than that of Paterna. Of the remaining eight studies, seven studies
were written in English while one was in Serbocroatian. Six of the
studies were cross-over trials. All but one study used the diuretic
furosemide with one study using torsemide. In all of the studies,
the intravenous diuretics were given to patients who had acute
pulmonary edema or acutely decompensated chronic heart failure,
based on the clinical judgment of the medical teams assigned
to them. The etiology of congestive heart failure was varied and
involved ischemic, hypertensive, valvular, cardiomyopathic and
arrhythmic heart disease.

The studies can be divided into low to moderate dose studies
and high dose studies. The low to moderate dose studies used
furosemide at a dosage range of 80 to 320 mg/24 hours for both
continuous and bolus administrations (Lahav 1992; Bagatin 1993;
Aaser 1997; Pivac 1998). Torsemide was used in one study at a
dose of 100 mg/24 hours (Kramer 1996).One study used high dose
furosemide at a mean dose of 690 mg/day although maximum
doses of 2000 mg/day were used (Dormans 1996). Another study
used high dose furosemide infusion at 1000 to 2000 mg/24 hours
in conjunction with small-volume hypertonic saline solution versus
high dose bolus furosemide alone (Licata 2003). Still another was
a protocol guided study with the dose of furosemide periodically
adjusted to maintain a urine output of at least 1 mg/kg/hour
(Schuller 1997). Only two studies (Dormans and Kramer) compared
continuous infusion with a single bolus dose of the loop diuretic.
The rest of the studies compared continuous infusion with multiple
bolus doses of the loop diuretic. Three studies employed loading
doses, usually 20-30% of the total diuretic dose prior to starting
the continuous infusion (Lahav 1992; Dormans 1996; Kramer 1996).
The duration of the actual infusion for the diuretics varied widely
and were as follows: 30 minutes (Licata 2003), one hour (Bagatin
1993), four hours (Pivac 1998), eight hours (Dormans 1996), 24
hours (Kramer 1996; Aaser 1997; Schuller 1997) and 48 hours (Lahav
1992). The observation period while on infusion ranged from 24
hours to 12 days.

The largest study was that of Licata and involved 107 patients
(Licata 2003). Two studies (Aaser 1997 and Kramer 1996) involved
only 8 patients and both were cross-over trials. Single blinding was
employed in the studies of Bagatin, Licata and Pivac while Kramer's
was an open label study. The other studies did not explicitly
mention the method of blinding. The usual follow-up period was
24 hours, one had a follow-up period of 48 hours, but in one study
which had morbidity and mortality as endpoints (Licata 2003),
the follow up period lasted up to 31 months. All of the studies
mentioned urine output as their major outcome although actual
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values were only available for seven studies. The one remaining
study did not mention the standard deviation nor data from which
urine output values could be calculated (correspondence with Dr
Schuller was done but due to circumstances beyond his control, he
cannot as yet provide the necessary data as of this writing). None
of the studies mentioned the days required for failure symptom
resolution. The duration of hospitalization was mentioned in two
studies but this was presented as a Kaplan-Meier graph in one study
for which further information for the extraction of the actual data
were inadequate. The same two studies mentioned mortality as an
outcome.

Risk of bias in included studies

The Philippine Cardiovascular Research Group Meta analysis
Quality Scale was used to assess the validity of the studies. Based
on this scale which had set criteria to detect subtle and frank bias,
a study was graded as A (no bias), B (low risk for bias) or C (high risk
for bias). In general, the studies scored a B (low risk) for selection,
performance and detection biases but scored an A (no bias) for
exclusion bias. All the studies were given an over-all score of B and
were included in the review. Single blinding was employed in three
studies while one was an open label study. The other studies did
not explicitly mention the method of blinding. All the studies were
considered as intention to treat trials.

E4ects of interventions

Eight trials involving 254 patients were included in this review.
In seven studies, totalling 221 patients, which reported on urine
output, the output (as measured by cc/ 24 hours) was noted
to be greater in patients given continuous intravenous infusion
compared to those given bolus injections with a weighted mean
diGerence (WMD) of 271 cc (95% confidence interval 93.1 to
449; p<0.01). The study population however was noted to be
heterogenous. When the study of Aaser 1997 was excluded and
the remaining studies analyzed collectively, the heterogeneity was
lessened although urine output was still noted to be greater in the
infusion group with a WMD of 410.2 cc (95% confidence interval
220.8 to 599.5;p<0.01). The total dose of the diuretics were the
same in the two regimens used. One study reported that the
mean duration from the time furosemide was first administered
to the time a therapeutic endpoint was achieved (as assessed by
the medical team assigned to the patient based on clinical signs
and symptoms) was shorter with bolus administration (diGerence
between means, 6.6 hours (95% confidence interval -4 to 17 hours;
p=0.56), although the diGerence was not statistically significant.
The therapeutic endpoints observed however were not clearly
stated. One study mentioned that the duration of hospital stay was
significantly shortened by 3.1days with continuous infusion (95%
confidence interval -4.1 to -2; p<0.01).

Two studies mentioned all cause mortality which was significant
reduced in the infusion group with a relative risk (RR) 0.52 (95%
confidence interval 0.38 to 0.71; p<0.01). Cardiac mortality was
mentioned in only one study and was also significantly reduced
in the infusion group, RR 0.47 (95% confidence interval 0.33 to
0.69; p<0.0001). Clinically relevant serum electrolyte disturbances
(hypokalemia, hypomagnesemia) as reported in three studies
were likewise not significantly diGerent with either mode of
administration with an RR 1.47 (95% confidence interval 0.52 to
4.15; p=0.5) although higher serum creatinine levels were noted
in the bolus administration, WMD -0.54 (95% confidence interval

-0.57 to -0.51; p<0.01). There were less adverse eGects (tinnitus
and hearing loss) noted when continuous infusion was given RR
0.06 (95% confidence interval 0.01 to 0.44; p<0.05). Acid-base
disturbances were not reported in either method of administration.

Four studies provided data regarding the pharmacokinetics and/
or pharmacodynamics of loop diuretics especially furosemide.
In the study of Dormans 1996 although the furosemide
excretion rate and the plasma furosemide concentration were
significantly higher in the high-dose bolus group (p<0.05), the
pharmacokinetic measurements were similar in the two modes
of administration. Throughout the continuous infusion period,
the plasma furosemide concentration remained at a steady state
with a significantly lower maximal plasma concentration (bolus
95 +/- 20 microgram/ml, infusion 24 +/- 5 microgram/ml, p<0.01).
Urine volume and natriuresis were significantly greater in the
continuous infusion group even if urine excretion of furosemide
was smaller. Most of the furosemide was excreted within 2 hours
aOer bolus injection whereas during the continuous infusion,
the urinary excretion rate of furosemide was constant. Aaser et
al (Aaser 1997) noted that plasma levels of furosemide were
not significantly diGerent in the two regimens seven hours aOer
administration. Lahav et al (Lahav 1992)noted that urine output
peaked within 1 to 2 hours aOer giving the intravenous furosemide
loading dose. AOer bolus injection, the urine output progressively
declined reaching baseline levels in 3 to 4 hours whereas in the
continuous administration, although there was a gradual decrease
in hourly urine output beginning aOer the second hour, diuresis
was maintained above preinfusion levels throughout the infusion
period. Using torsemide, Kramer et al (Kramer 1996) noted a higher
urinary excretion rate for the drug in the initial 4-6 hours aOer
bolus treatment. AOer six hours, the excretion rates for the two
modes of administration were essentially the same. None of the
studies discussed possible interactions of diuretic therapy with the
underlying diagnosis or pathophysiology (e.g. systolic vs. diastolic
dysfunction). Likewise, there were no reports regarding patient
feedback such as comments pertaining to possible preferences
between the two methods of diuretic administration or their
comments on reported side eGects.

D I S C U S S I O N

The results of 7 studies revealed a statistically significant result
showing that in patients with severe heart failure, greater urine
volume is achieved when loop diuretics are administered by
continuous infusion compared to equal doses given by intermittent
bolus injections. The study population however was noted to
be heterogenous. When the Aaser 1997study was excluded and
the remaining studies analyzed collectively, heterogeneity was
lessened although the results were still significantly diGerent in
favor of continuous infusion. Aaser had concluded in his study
that bolus administration of furosemide in conventional doses was
equally eGective as continuous infusion. Unlike the other studies
which either used loading doses or high doses of diuretics, the
absence of a loading dose in his study could probably explain
his results. Only the first part of Aaser's study (prior to the cross-
over) was considered in this analysis since the initial administration
of intravenous diuretics may have already altered the patients'
condition and subsequently aGected the baseline conditions of the
participants just before starting the second phase. In his study,
plasma levels of furosemide in the infusion group were initially
low compared to that in the bolus group. In contrast, with the
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furosemide levels already therapeutic in the bolus group, the
urine output was expectedly greater. Also, with the furosemide
plasma levels still gradually increasing in the infusion group, it was
possible that its further eGect was not noted until aOer the 24 hour
observation period elapsed, thus the possible premature finding of
equal urine output in the two regimens.

Since continuous infusion of loop diuretics would result in a
gradual increase of plasma levels and peak only several hours
aOer the initiation of infusion (Copeland 1983), loading doses were
employed by some studies to immediately reach peak eGective
levels that may be critically important in patients with severe
congestive heart failure (Lahav 1992). AOer bolus administrations,
aggressive diuresis would usually occur within 2 hours for
furosemide and within 4 to 6 hours for torsemide but would
progressively wane thereaOer. With continuous infusion, diuresis
was made more constant throughout the infusion period.

As noted by Dormans (Dormans 1996) a greater response to
continuous infusion occurred with equal if not less loop diuretics
excreted in the urine so that the eGiciency of loop diuretics may be
equal if not greater with infusion than with bolus administrations.
It appears that in contrast to wide swings in diuretic plasma levels
seen with the traditional bolus administration, continuous infusion
results in a smoother, more constant, yet greater diuretic eGect
relative to the amount of drug excreted in the urine (Kramer 1996).

The wide range in dosing and in the duration of infusion used in
the diGerent studies do not permit extrapolation of an optimal
dose range nor the length of time at which the infusions should
be administered. It should be noted that in two studies, the
infusions were actually intermittent infusions which lasted for only
30 minutes to one hour. The actual diGerence of these infusions
from those of bolus injections is admittedly diGicult to establish.
Furthermore Licata 2003 used small-volume hypertonic saline
solution in combination with high dose furosemide infusion in
order to induce diuresis. Such an addition to the infusion regimen
precludes a confident assessment of the merits of either mode of
diuretic administration.

It should also be noted that many of the studies included in this
review were cross-over trials. The patients would be randomly
assigned to one of two treatment groups, either continuous
infusion or bolus injections of the diuretics. AOer giving the initial
intervention to the patients for a certain time period (usually
24 hours), the patients would subsequently be crossed-over to
the other arm. There may or may not be a "wash-out' period in
between cross-overs. Ideally, only the data from the initial phase
of the study (prior to the cross-over) should be analyzed and
compared with each other since there is a concern that the baseline
characteristics on the second phase of the study (aOer the cross-
over) may no longer be uniform as the initial administration of
the diuretics prior to the cross-over may have irreversibly aGected
these characteristics. This may be especially true in those studies
which did not have a wash-out period. However, except for the
study of Aaser 1997 the final results mentioned in these cross-over
trials included the patients' course throughout the entire study
with no mention of the results during the first phase prior to the
cross-over. This illustrates the deficiencies in the existing data and
contributes to a significant limitation of this review.

An important result of this review was the significant reduction
in hospital stay in patients who are given continuous infusion

of loop diuretics although this was derived from a single study.
This may be related to a trend towards achieving therapeutic
endpoints at a shorter length of time with continuous infusion as
noted by Schuller et al (Schuller 1997). Several factors however
may influence the duration of hospital stay therefore caution
should be exercised before making generalizations regarding this
outcome. Continuous infusion of loop diuretics appears to confer
a better safety profile. Adverse eGects such as ototoxicity, gout
symptoms, hypotension or gastrointestinal symptoms were not
observed in the patients given continuous infusion. Hearing loss,
tinnitus or both were reported in those given bolus injections
although these side eGects were transient and apparently did
not necessitate discontinuing the drug. There was no report on
patients' comments or feedbacks regarding side eGects in any
of the studies. No significant diGerences were noted in clinically
relevant serum electrolye changes. Incidents of hypokalemia were
not significantly diGerent with either method of administration.
Two episodes of transient, hemodynamically insignificant cardiac
arrhythmias, attributed to magnesium depletion, were noted in the
bolus group of one study. Increases in serum creatinine were more
common in bolus administration than with continuous infusion
while acid-base disturbances were not observed in either of the two
regimens.

DiGerences in mortality between the two modes of administration
were noted to be significant. Such a finding however must be
interpreted with caution not only due to the small sample size but
also because several other confounding factors may play a role
in patients with congestive heart failure. These patients usually
have other co-morbid illnesses and are taking other medications in
addition to the diuretics. The contributions of these factors should
be adequately excluded before confidently attributing mortality
eGects to the method of loop diuretic administration. Controlled
trials with larger sample sizes may help in providing a stronger basis
for such a conclusion. It is also hoped that additional answers to
the issue of bolus vs infusion of loop diuretics be given with the
conclusion of an ongoing trial by Salvador et al (Salvador 2002).

Lastly, the reviewers have tried to exhaust possible means
in order to lessen publication bias. Unpublished data were
sought especially through correspondence with pharmaceutical
companies. It is argued however that there would actually be no
point in the selective publication of studies since only a single drug
is used and is tested against itself, rather than to a diGerent drug.
Indeed, the available published trials, when studied one by one
give conflicting conclusions on the question of infusion vs bolus
administration. In such an issue, the preference for a directionally
positive result may not be applicable.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

We have examined the existing data comparing continuous infusion
of loop diuretics with bolus intermittent administration in patients
with congestive heart failure. The combined results from small
and relatively heterogenous studies showed greater diuresis when
these agents were given as continuous infusion. Continuous
infusion also appears to have a better safety profile. However, the
poor quality of currently available data cannot be overemphasized
thus robust recommendations for clinical practice still cannot be
made at this time.
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Implications for research

The existing studies on this subject generally have small sample
sizes and were mostly cross-over trials for which concern regarding
baseline characteristics of the participants have been raised.
Further prospective studies involving larger patient populations
and longer follow-up periods may provide us with a stronger
evidence in the future to more adequately answer questions on
this issue. Further studies may likewise be conducted in order to
address questions regarding the cost eGectiveness of loop diuretics

when given as a continuous infusion with its additional use of
intravenous tubings, infusion pumps and other intravenous fluid
diluents. Likewise, patient feedback, preferences and reactions to
adverse eGects may also be an area for further study.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods prospective randomized cross-over, Intention to treat; method of blinding: not stated

Participants 8 patients with
congestive heart failure due to coronary artery disease (6) and dilated cardiomyopathy (2)
Age: 54+/- 3
Male: 6, Female: 2

Interventions Furosemide
Continuous: 145+/-80 mg in 100cc 5% dextrose water (range 80-320 mg) x 24 hours
Bolus: 145+/-80 mg (range 80-320 mg) given at 0800 and 1500 hours

Outcomes Urine output, sodium excretion at 24 hours

Notes Selection Bias: B
Performance Bias: B
Exclusion Bias: A
Detection Bias: B
Overall score: B

Aaser 1997 
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Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Aaser 1997  (Continued)

 
 

Study characteristics

Methods randomized cross-over, single blind; intention to treat

Participants 12 patients with
congestive heart failure
Age: 70.9+/-6.9
Male: 5, Female: 7; congestive heart failure class: not stated

Interventions Furosemide
Continuous: 40 mg intravenously in 5% dextrose water 125 cc in 1 hour x 2 doses
Bolus: 40 mg intravenously x 2 doses

Outcomes Urine output at 24 hours

Notes Selection Bias: B
Performance Bias: B
Exclusion Bias: A
Detection Bias: B
Overall score: B

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Bagatin 1993 

 
 

Study characteristics

Methods randomized, cross-over, intention to treat; method of blinding: not mentioned

Participants 20 patients with congestive heart failure, class III-IV
Mean age: 71 (51-89)
Male:13, Female:7

Interventions Furosemide
Continuous: Loading dose of 20% of the total dose followed by infusion of 10% of of the total dose in 8
hours
Bolus: Mean 690 mg (250-2000 mg) for 1 dose injected for 5 min

Outcomes Urine output at 8 and 24 hours

Dormans 1996 
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Notes Selection Bias: B
Performance Bias: B
Exclusion Bias: A
Detection Bias: B
Overall Score: B

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Dormans 1996  (Continued)

 
 

Study characteristics

Methods open label, randomized cross-over, intention to treat

Participants 8 patients with
congestive heart failure, class II-III 
Age: 44-65
Male: 7, Female: 1

Interventions Torsemide
Continuous: loading dose of 25 mg then 75 mg x 24 hours (3.125 mg/hour)
Bolus: 100 mg intravenously

Outcomes Urine output, sodium excretion at 24 hours

Notes Selection Bias: B
Performance Bias: B
Exclusion Bias: A
Detection Bias: B
Overall score: B

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Kramer 1996 

 
 

Study characteristics

Methods prospective, randomized, cross-over, intention to treat; method of blinding: not stated

Participants 9 patients with congestive heart failure, class III-IV
Age: 74 (68-80)
Male: 5, Female: 4

Lahav 1992 
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Interventions Furosemide
Continuous: loading dose of 30-40 mg intravenously then 2.5-3.3 mg/hour (60-80 mg/day x 48 hours;
total dose: 90-120 mg/day)
Bolus: loading dose of 30-40 mg the every 8 hours x 48 hours (total dose: 90-120 mg/day)

Outcomes Urine output at 48 hours

Notes Selection Bias: B
Performance Bias: B
Exclusion Bias: A
Detection Bias: B
Overall Score: B

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Lahav 1992  (Continued)

 
 

Study characteristics

Methods randomized, single blind, intention to treat

Participants 107 patients
with congestive heart failure, class IV of different etiologies, ejection fraction< 35%
Age: 65-90
Male: 39, Female: 21

Interventions Furosemide
Continuous: 500-1000 mg + hypertonic saline solution (150 cc of 1.4-4.6% sodium chloride) twice a day
in 30 minutes
Bolus: 500-1000 mg twice a day without hypertonic saline solution
Duration of Treatment: 6-12 days

Outcomes Urine output at 24 hours
Length of hospitalization
All cause mortality
Cardiac mortality

Notes Selection Bias: A
Performance Bias: B
Exclusion Bias: A
Detection Bias: B Overall score: B

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Low risk A - Adequate

Licata 2003 
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Study characteristics

Methods randomized single blind cross-over, intention to treat

Participants 20 patients with congestive heart failure, class III-IV 
Age: 35-75
Male: 9, Female: 11

Interventions Furosemide
Continuous: 40 mg in 116 cc saline x 4 hours, twice a day
Bolus: 40 mg x 3 minutes, twice a day

Outcomes Urine output at 24 hours

Notes Selection Bias: B
Performance Bias: B
Exclusion Bias: A
Detection Bias: B
Overall score: B

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Pivac 1998 

 
 

Study characteristics

Methods prospective, randomized, comparative, intention to treat; method of blinding: not stated

Participants 33 patients, cardiogenic or non-cardiogenic pulmonary edema, acute/chronic renal failure
Age: 18-85
Male: 30, Female: 3

Interventions Furosemide 40 mg then:
Continuous: 250 mg in 250 cc of 5% dextrose water started at 0.1 mg/kg/hour to titrate to hourly urine
output >/= 1 cc/kg
Bolus: Repeat or double previous dose to net hourly urine output >/= 1 mg/kg

Outcomes Length of hospital stay
Mortality

Notes Selection Bias: A
Performance Bias: B
Exclusion Bias: A
Detection Bias: B
Overall Score: B

Risk of bias

Bias Authors' judgement Support for judgement

Schuller 1997 
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Allocation concealment
(selection bias)

Low risk A - Adequate

Schuller 1997  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Andreucci 1999 this article was a review of existing literature on diuretics in renal failure and not congestive heart
failure

Bateman 1999 this article was not a randomized controlled trial but rather, a review of the existing literature re-
garding the efficacy of continuous infusion of furosemide vs intermittent administration in conges-
tive heart failure and post-operative cardiac surgery

Ferguson 1997 the study's endpoint of excretion of an exogenous sodium load was not consistent with the prede-
termined endpoints set for this metaanalysis

Howard 1997 this study dealt with continuous intravenous infusion of bumetanide but no comparison was done
with bolus administration of bumetanide

Howard 2001 this study was a prospective trial of consecutively admitted patients > 65 years old with conges-
tive heart failure, class IV given continuous furosemide infusion but no direct comparison was done
with patients patients given bolus doses of furosemide

Martin 1994 the article was not a randomized controlled trial but rather, a review of the existing literature com-
paring bolus vs. continuous infusion of loop diuretics in various clinical conditions

Ravnan 2000 the article was not a randomized controlled trial but rather, a review of the existing literature com-
paring bolus vs. continuous infusion of loop diuretics in adult heart failure

Yelton 1995 this article was not a randomized controlled trial but rather, a review of the existing literature on
the role of continuous infusion of loop diuretics in various clinical conditions

 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Comparison of furosemide as continuous infusion vs intermittent administration in patients with
congestive heart failure

Methods  

Participants congestive heart failure patients due to ischemic etiology

Interventions dose-response adjusted furosemide infusion vs bolus injection

Outcomes Net cumulative urine output

Starting date October 2002

Contact information  

Salvador 2002 
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Notes  

Salvador 2002  (Continued)

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Continuous Infusion vs. Bolus Injection

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Total urine output (cc in 24 hour)
excluding Aaser 1997

6 213 Mean Difference (IV, Fixed,
95% CI)

410.16 [220.82,
599.50]

1.2 Total urine output (cc in 24 hour) 7
studies

7 221 Mean Difference (IV, Fixed,
95% CI)

271.01 [93.07,
448.96]

1.3 Duration of Hospitalization (in
days)

1 107 Mean Difference (IV, Fixed,
95% CI)

-3.13 [-4.06, -2.20]

1.4 All Cause Mortality 2 140 Risk Ratio (M-H, Fixed, 95%
CI)

0.52 [0.38, 0.71]

1.5 Cardiac Mortality 1 107 Risk Ratio (M-H, Fixed, 95%
CI)

0.47 [0.33, 0.69]

1.6 Clinically relevant changes in Blood
Chemistry Hypokalemia and Hypo-
magnemesia

3 71 Risk Ratio (M-H, Fixed, 95%
CI)

1.47 [0.52, 4.15]

1.7 Adverse Effects Tinnitus and Hear-
ing Loss

5 218 Risk Ratio (M-H, Fixed, 95%
CI)

0.06 [0.01, 0.44]

1.8 Increase in Serum Creatinine Levels 3 180 Mean Difference (IV, Fixed,
95% CI)

-0.54 [-0.57, -0.51]

1.9 Total urine output (cc in 24 hour) 5
studies excluding Aaser, Licata,

5 106 Mean Difference (IV, Fixed,
95% CI)

296.38 [-75.40,
668.16]

1.10 Total urine output (cc in 24 hour)
excluding Licata

6 114 Mean Difference (IV, Fixed,
95% CI)

-67.60 [-370.21,
235.01]
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Analysis 1.1.   Comparison 1: Continuous Infusion vs. Bolus Injection,
Outcome 1: Total urine output (cc in 24 hour) excluding Aaser 1997

Study or Subgroup

Bagatin 1993
Dormans 1996
Kramer 1996
Lahav 1992
Licata 2003
Pivac 1998

Total (95% CI)
Heterogeneity: Chi² = 4.55, df = 5 (P = 0.47); I² = 0%
Test for overall effect: Z = 4.25 (P < 0.0001)
Test for subgroup differences: Not applicable

Continuous
Mean

1810
2860
1727
4490
2100
3250

SD

377.8
1073

672
1328.86

622
1175

Total

6
20

8
9

53
10

106

Bolus
Mean

2126.6
2260
1891
3790
1650
3046

SD

1400
671
903

1163.04
535

1302.5

Total

6
20

8
9

54
10

107

Weight

2.7%
11.7%
5.9%
2.7%

74.1%
3.0%

100.0%

Mean Difference
IV, Fixed, 95% CI

-316.60 [-1476.88 , 843.68]
600.00 [45.37 , 1154.63]

-164.00 [-943.99 , 615.99]
700.00 [-453.72 , 1853.72]

450.00 [229.99 , 670.01]
204.00 [-883.23 , 1291.23]

410.16 [220.82 , 599.50]

Mean Difference
IV, Fixed, 95% CI

-1000 -500 0 500 1000
Favours bolus Favours continuous

 
 

Analysis 1.2.   Comparison 1: Continuous Infusion vs. Bolus
Injection, Outcome 2: Total urine output (cc in 24 hour) 7 studies

Study or Subgroup

Aaser 1997
Bagatin 1993
Dormans 1996
Kramer 1996
Lahav 1992
Licata 2003
Pivac 1998

Total (95% CI)
Heterogeneity: Chi² = 22.32, df = 6 (P = 0.001); I² = 73%
Test for overall effect: Z = 2.99 (P = 0.003)
Test for subgroup differences: Not applicable

Continuous
Mean

2118
1810
2860
1727
4490
2100
3250

SD

203.04
377.8
1073
672

1328.86
622

1175

Total

4
6

20
8
9

53
10

110

Bolus
Mean

2900
2126.6

2260
1891
3790
1650
3046

SD

491.19
1400
671
903

1163.04
535

1302.5

Total

4
6

20
8
9

54
10

111

Weight

11.7%
2.4%

10.3%
5.2%
2.4%

65.4%
2.7%

100.0%

Mean Difference
IV, Fixed, 95% CI

-782.00 [-1302.86 , -261.14]
-316.60 [-1476.88 , 843.68]

600.00 [45.37 , 1154.63]
-164.00 [-943.99 , 615.99]
700.00 [-453.72 , 1853.72]

450.00 [229.99 , 670.01]
204.00 [-883.23 , 1291.23]

271.01 [93.07 , 448.96]

Mean Difference
IV, Fixed, 95% CI

-1000 -500 0 500 1000
Favours bolus Favours continuous

 
 

Analysis 1.3.   Comparison 1: Continuous Infusion vs. Bolus
Injection, Outcome 3: Duration of Hospitalization (in days)

Study or Subgroup

Licata 2003

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 6.60 (P < 0.00001)
Test for subgroup differences: Not applicable

Continuous
Mean

8.57

SD

2.3

Total

53

53

Bolus
Mean

11.7

SD

2.6

Total

54

54

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI

-3.13 [-4.06 , -2.20]

-3.13 [-4.06 , -2.20]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours continuous Favours bolus
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Analysis 1.4.   Comparison 1: Continuous Infusion vs. Bolus Injection, Outcome 4: All Cause Mortality

Study or Subgroup

Licata 2003
Schuller 1997

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.00, df = 1 (P = 0.96); I² = 0%
Test for overall effect: Z = 4.06 (P < 0.0001)
Test for subgroup differences: Not applicable

Continuous
Events

24
2

26

Total

53
14

67

Bolus
Events

47
5

52

Total

54
19

73

Weight

91.6%
8.4%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.52 [0.38 , 0.71]
0.54 [0.12 , 2.40]

0.52 [0.38 , 0.71]

Risk Ratio
M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours continuous Favours bolus

 
 

Analysis 1.5.   Comparison 1: Continuous Infusion vs. Bolus Injection, Outcome 5: Cardiac Mortality

Study or Subgroup

Licata 2003

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.94 (P < 0.0001)
Test for subgroup differences: Not applicable

Continuous
Events

20

20

Total

53

53

Bolus
Events

43

43

Total

54

54

Weight

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.47 [0.33 , 0.69]

0.47 [0.33 , 0.69]

Risk Ratio
M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours continuous Favours bolus

 
 

Analysis 1.6.   Comparison 1: Continuous Infusion vs. Bolus Injection, Outcome 6:
Clinically relevant changes in Blood Chemistry Hypokalemia and Hypomagnemesia

Study or Subgroup

Lahav 1992
Pivac 1998
Schuller 1997

Total (95% CI)
Total events:
Heterogeneity: Chi² = 2.97, df = 2 (P = 0.23); I² = 33%
Test for overall effect: Z = 0.73 (P = 0.46)
Test for subgroup differences: Not applicable

Continuous
Events

2
5
0

7

Total

9
10
14

33

Bolus
Events

2
1
2

5

Total

9
10
19

38

Weight

38.9%
19.4%
41.7%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.00 [0.18 , 5.63]
5.00 [0.70 , 35.50]

0.27 [0.01 , 5.15]

1.47 [0.52 , 4.15]

Risk Ratio
M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours continuous Favours bolus
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Analysis 1.7.   Comparison 1: Continuous Infusion vs. Bolus
Injection, Outcome 7: Adverse E4ects Tinnitus and Hearing Loss

Study or Subgroup

Dormans 1996
Lahav 1992
Licata 2003
Pivac 1998
Schuller 1997

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.13, df = 1 (P = 0.72); I² = 0%
Test for overall effect: Z = 2.78 (P = 0.005)
Test for subgroup differences: Not applicable

Continuous
Events

0
0
0
0
0

0

Total

20
9

53
10
14

106

Bolus
Events

5
0

11
0
0

16

Total

20
9

54
10
19

112

Weight

32.6%

67.4%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.09 [0.01 , 1.54]
Not estimable

0.04 [0.00 , 0.73]
Not estimable
Not estimable

0.06 [0.01 , 0.44]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours continuous Favours bolus

 
 

Analysis 1.8.   Comparison 1: Continuous Infusion vs. Bolus
Injection, Outcome 8: Increase in Serum Creatinine Levels

Study or Subgroup

Dormans 1996
Licata 2003
Schuller 1997

Total (95% CI)
Heterogeneity: Chi² = 26.65, df = 2 (P < 0.00001); I² = 92%
Test for overall effect: Z = 35.72 (P < 0.00001)
Test for subgroup differences: Not applicable

Continuous
Mean

1.57
1.4

0.14

SD

0.45
0.05
0.32

Total

20
53
14

87

Bolus
Mean

1.57
1.95
0.23

SD

0.4
0.1

0.49

Total

20
54
19

93

Weight

1.3%
97.6%
1.1%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.00 [-0.26 , 0.26]
-0.55 [-0.58 , -0.52]
-0.09 [-0.37 , 0.19]

-0.54 [-0.57 , -0.51]

Mean Difference
IV, Fixed, 95% CI

-1 -0.5 0 0.5 1
Favours continuous Favours bolus

 
 

Analysis 1.9.   Comparison 1: Continuous Infusion vs. Bolus Injection,
Outcome 9: Total urine output (cc in 24 hour) 5 studies excluding Aaser, Licata,

Study or Subgroup

Bagatin 1993
Dormans 1996
Kramer 1996
Lahav 1992
Pivac 1998

Total (95% CI)
Heterogeneity: Chi² = 4.06, df = 4 (P = 0.40); I² = 1%
Test for overall effect: Z = 1.56 (P = 0.12)
Test for subgroup differences: Not applicable

Continuous
Mean

1810
2860
1727
4490
3250

SD

377.8
1073

672
1328.86

1175

Total

6
20

8
9

10

53

Bolus
Mean

2126.6
2260
1891
3790
3046

SD

1400
671
903

1163
1302

Total

6
20

8
9

10

53

Weight

10.3%
44.9%
22.7%
10.4%
11.7%

100.0%

Mean Difference
IV, Fixed, 95% CI

-316.60 [-1476.88 , 843.68]
600.00 [45.37 , 1154.63]

-164.00 [-943.99 , 615.99]
700.00 [-453.71 , 1853.71]
204.00 [-883.00 , 1291.00]

296.38 [-75.40 , 668.16]

Mean Difference
IV, Fixed, 95% CI

-1000 -500 0 500 1000
Favours bolus Favours continuous
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Analysis 1.10.   Comparison 1: Continuous Infusion vs. Bolus Injection,
Outcome 10: Total urine output (cc in 24 hour) excluding Licata

Study or Subgroup

Aaser 1997
Bagatin 1993
Dormans 1996
Kramer 1996
Lahav 1992
Pivac 1998

Total (95% CI)
Heterogeneity: Chi² = 14.97, df = 5 (P = 0.01); I² = 67%
Test for overall effect: Z = 0.44 (P = 0.66)
Test for subgroup differences: Not applicable

Continuous
Mean

2118
1810
2860
1727
4490
3250

SD

203.04
377.8
1073
672

1328.86
1175

Total

4
6

20
8
9

10

57

Bolus
Mean

2900
2126.6

2260
1891
3790
3046

SD

491.19
1400
671
903

1163
1302.5

Total

4
6

20
8
9

10

57

Weight

33.8%
6.8%

29.8%
15.1%
6.9%
7.7%

100.0%

Mean Difference
IV, Fixed, 95% CI

-782.00 [-1302.86 , -261.14]
-316.60 [-1476.88 , 843.68]

600.00 [45.37 , 1154.63]
-164.00 [-943.99 , 615.99]
700.00 [-453.71 , 1853.71]
204.00 [-883.23 , 1291.23]

-67.60 [-370.21 , 235.01]

Mean Difference
IV, Fixed, 95% CI

-1000 -500 0 500 1000
Favours bolus Favours continuous

 

 

A D D I T I O N A L   T A B L E S
 

Term Definition

Diuretic a substance that increases the rate of urine output

Loop diuretic diuretics which act by decreasing the rate of reabsorption of fluids in the loop of Henle and the
distal tubules of the kidneys; common examples include furosemide, torsemide, bumetanide and
ethacrynic acid

Bolus a rapidly injected volume of a drug

Heart Failure Class III symptoms of heart failure such as difficulty of breathing occurring with less than ordinary physical
activity (e.g. difficulty of breathing on climbing one flight of stairs or less)

Heart Failure Classs IV symptoms of heart failure such as difficulty of breathing occurring even at rest

Tinnitus ringing in the ears; a ringing or buzzing sound or noise in the ears

Natriuresis excretion of sodium in the urine

Table 1.   Glossary 

 

F E E D B A C K

Please explain relative risk for mortality,

Summary

From David Henry: 06 March 2005.

I am having trouble reconciling the data (RR which do not include 1) with the statements that cardiac and all cause mortality is not
significantly diGerent. To quote "while cardiac mortality was not significantly diGerent in the two treatment groups, RR 0.47 (95% CI 0.33
to 0.69; p<0.0001). Based on two studies, all cause mortality was not significantly diGerent in the two treatment groups, RR 0.52 (95%CI
0.38 to 0.71; p<0.0001)." Also you say that current data are "insuGicient to confidently assess the merits (of continuous IV versus bolus) and
then go onto say "Continuous infusion of loop diuretics are safer and more eGective"

Can you enlighten me (and my students)?

Reply

09 May 2005
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Thank you for your inquiries regarding our review. To clarify, in the full text of the Results of the review, paragraph 2, sentences 1 and 2
correctly state that the endpoints of all cause and cardiac mortality were both significantly reduced in the infusion group. Apparently, this
was not reflected accurately in the review?s abstract as published, which stated otherwise. A revision of the printed abstract to correct this
discrepancy is scheduled to come out with the next issue of the Cochrane Library (Issue 3 2005) published on July 20, 2005.

The authors have been cautious in making definitive conclusions in the review due to the limitations of the included data which were
elaborated in the full text. While the review?s results showed a greater diuresis with loop diuretics given as continuous infusion and that it
appeared to have a better safety profile compared with bolus injection, there was frequent emphasis on the fact that the results came from
heterogenous studies involving a relatively small number of patients. These limitations render the currently available data insuGicient to
confidently assess the over-all merits of continuous infusion versus bolus injection of loop diuretics. The review is scheduled for revision
and hopefully more data would be available to make the updated review even more relevant to clinical practice.

David Raymund K. Salvador, M.D.
Nannette R. Rey, M.D.
George C. Ramos, M.D.
Felix Eduardo R. Punzalan, M.D.

Contributors

David Henry. (No contact details available)

David Raymund K. Salvador, M.D.
Nannette R. Rey, M.D.
George C. Ramos, M.D.
Felix Eduardo R. Punzalan, M.D.

W H A T ' S   N E W

 

Date Event Description

21 September 2020 Review declared as stable This Cochrane Review has been superseded by a review on the
same topic but with the latest methods.

 

H I S T O R Y

Protocol first published: Issue 3, 2001
Review first published: Issue 1, 2004

 

Date Event Description

8 September 2008 Amended Converted to new review format.

23 May 2005 New citation required and conclusions
have changed

Substantive amendment

 

C O N T R I B U T I O N S   O F   A U T H O R S

Dr Salvador - primary author and first reviewer, background literature search and retrieval, protocol development, search strategy
development, draOing of the protocol
Dr Rey - second reviewer, protocol development and final draOing
Dr Ramos - background literature search and retrieval, search strategy development
Dr. Punzalan - third independent reviewer, protocol development and final draOing, review of search strategy, review of appropriate
statistical methods

D E C L A R A T I O N S   O F   I N T E R E S T
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S O U R C E S   O F   S U P P O R T

Internal sources

• Phillipine General Hospital, Philippines

External sources

• No sources of support supplied

N O T E S

The Heart Group made this review stable as we are not aware of any recent evidence which could change the conclusions of this review.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Heart Failure  [*drug therapy];  Infusions, Intravenous;  Injections, Intravenous;  Randomized Controlled Trials as Topic;  Sodium
Potassium Chloride Symporter Inhibitors  [*administration & dosage]  [adverse eGects]

MeSH check words

Humans
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