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A B S T R A C T

Background

Lung edema may complicate respiratory distress syndrome (RDS) in preterm infants.

Objectives

The aim of this review was to assess the risks and benefits of diuretic administration in preterm infants with RDS.

Search methods

The standard search method of the Cochrane Neonatal Review Group was used. The Cochrane Central Register of Controlled Trials
(CENTRAL, The Cochrane Library), MEDLINE and EMBASE were searched. These searches were updated in April 2003, March 2007, January
2011. In addition, the abstract books of the American Thoracic Society and Society for Pediatric Research were searched. MEDLINE
and CENTRAL search was conducted using the keyword "Respiratory Distress Syndrome" alone, to find studies of medications recently
classified as diuretics, such as theophylline. In addition, EMBASE, controlled-trials.com and clinicaltrials.gov searches were completed in
January 2011. MEDLINE search updated to August 2011.

Selection criteria

Trials were included in which preterm infants with RDS and less than five days of age were randomly allocated to diuretic administration. Of
those trials, studies were only included in which at least one of the following outcomes measures was evaluated: mortality, patent ductus
arteriosus, hypovolemic shock, intraventricular hemorrhage, renal failure, duration of oxygen supplementation, duration of mechanical
ventilation, need for oxygen supplementation at 28 days of life, oxygen supplementation at 36 weeks of postmenstrual age (gestational
age + postnatal age), length of stay, number of rehospitalizations during the first year of life, and neurodevelopmental outcome.

Data collection and analysis

The standard method for the Cochrane Collaboration, which is described in the Cochrane Collaboration Handbook, was used. Two
investigators extracted, assessed and coded separately all data for each study. Any disagreement was resolved by discussion.

Main results

Seven studies met inclusion criteria. Six studies using furosemide were done before the current era of prenatal steroids, surfactant and fluid
restriction. Furosemide administration had no long-term benefits. Furosemide-induced transient improvement in pulmonary function did
not outweigh an increased risk for patent ductus arteriosus and for hemodynamic instability. In one recent study, theophylline had no long-
term benefits. Theophylline significantly decreased the risk of oligoanuria and transiently increased renal function, but did not significantly
aNect renal function at discharge or other outcomes.
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Authors' conclusions

There are no data to support routine administration of furosemide in preterm infants with RDS. Elective administration of furosemide to
any patient with RDS should be carefully weighed against the risk of precipitating hypovolemia or developing a symptomatic patent ductus
arteriosus. There are not enough data to support routine administration of low-dose theophylline in preterm infants with RDS.

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

Diuretics for respiratory distress syndrome in preterm infants

There is not enough data to support the routine use of diuretics for respiratory distress syndrome in newborn babies. Diuretics are drugs
that increase the production of urine by encouraging salt and water to be released from the kidneys. When newborn babies have respiratory
distress syndrome (RDS), their lungs may also contain excess fluid that can cause breathing problems. Babies with RDS sometimes may
also have a reduced urine output. Using diuretics in these babies may improve lung or kidney function transiently, but may also increase
cardiovascular complications. The review of trials did not find enough evidence supporting the routine use of diuretics in these infants.
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B A C K G R O U N D

1. Rationale for using diuretics in respiratory distress syndrome
(RDS):

1.1. Lung edema in RDS:
Interstitial and alveolar edema is a common finding in RDS (DeSa
1969).
In preterm primates with RDS, the reduction in total lung gas
volume results from alveolar edema more than from atelectasis
(Jackson 1990). This edema initially results mostly from inadequate
clearance of fetal lung fluid and by three hours of life results mostly
from proteinaceous alveolar edema.

1.1.1. Starling equation:
Lung edema may result in part from changes in the terms of
the Starling equation (Bland 1982; Green 1982) including plasma
colloid osmotic pressure, interstitial colloid osmotic pressure and
transcapillary hydraulic pressure. First, colloid osmotic pressure
is oEen low in sick infants with RDS, as a result of decreased
production and increased capillary exudation (Sola 1981; Bland
1972). Second, there may be an increase in microvascular
transmural pressure resulting from increased surface tension
(Albert 1979) and increased pulmonary capillary pressure. The
latter may result from alveolar hypoxia (Bressack 1980; Bland
1982a), an increase in pulmonary blood flow secondary to patent
ductus arteriosus (Jacob 1980), an increase in leE atrial pressure
secondary to cardiac dysfunction, or an increase in extracellular
volume secondary to excessive fluid intake or to fluid retention.
Third, hyaline membranes develop by exudation of plasma proteins
(Gajl-Peczalska 1964; Gitlin 1956; Wade-Evans 1962). This exudation
results from high membrane permeability (JeNeries 1984; Egan
1984), which could in turn result from hyperoxia (Bland 1982a),
free radicals or inflammatory mediators. Fourth, there may be a
decrease in lymphatic drainage from the lungs. Lymphatic drainage
in premature lambs with RDS is lower than normal, possibly due to
high surface tension (Normand 1968). Autopsy of infants with RDS
typically discloses dilatation of perivenous lymphatics (Lauweryns
1968). Low lymphatic drainage could also result from mechanical
obstruction by interstitial emphysema or high venous pressure
secondary to pneumothorax.

1.1.2. Fluid transport across lung epithelium:
The major mechanism of perinatal absorption of lung fluid
occurs via a switch from active secretion of chloride and fluid
to active, predominantly amiloride-sensitive, sodium and water
reabsorption, induced by several factors including glucocorticoids
and beta-adrenergic agonists (O'Brodovich 1997). Decreased Na
reabsorption may contribute to lung edema in RDS (Barker 1997).

1.1.3. Lung edema in RDS versus therapy:
Several factors may have contributed to a decrease in the
incidence and severity of lung edema in RDS during the last
two decades, including fluid restriction, closure of symptomatic
patent ductus arteriosus (PDA), prenatal glucocorticoids, postnatal
surfactant, and limitation of lung trauma and air leak syndrome.
Surfactant administration has been shown to reduce exudation
or radiolabeled albumin in preterm lambs (Ikegami 1992).
Administration of surfactant reduces radiologic evidence of
pulmonary edema during the first days of life; nevertheless,
surfactant does not prevent later development of edema in all
infants (Swischuck 1996). Prophylactic surfactant administration

reduced by half the use of diuretics during weeks two to four, but
did not aNect its utilization during the first week of life (Gortner
1991).

1.2. Relationship between lung disease and spontaneous urine
output:
Patients with RDS oEen present with an oliguric phase, followed
with a spontaneous diuretic phase (typically occurring at 24 to
72 hours) that tends to precede the improvement in lung disease
(Heaf 1982; Langman 1981; ShaNer 1986; Spitzer 1981). This led
to the hypothesis that diuresis-induced decrease in extracellular
volume improves interstitial lung edema and severity of the
lung disease. This cause-and-eNect relationship between diuresis
and improvement in lung disease has been challenged. First,
there is oEen lack of association on a case-to-case basis (ShaNer
1984). Second, similar postnatal changes in body composition and
diuresis occur in premature infants without RDS and in those with
RDS (Tang 1997, Bidiwala 1988; Lorenz 1995). Third, surfactant-
mediated improvement in RDS is observed independently of
diuresis (Bhat 1989).

1.3. Diuretics may accelerate lung fluid reabsorption and improve
pulmonary mechanics in patients with lung edema via two types of
mechanisms:

1.3.1. An immediate, diuresis-independent lung fluid reabsorption:
This may result (1) from systemic venodilatation, which increases
systemic vein capacitance (Dikshit 1973), (2) from decreased
pulmonary shunt in the absence of any change in wedge or oncotic
pressure (as described in oleic acid-induced pulmonary edema)
(Ali 1979), (3) from pulmonary venodilation which decreases wedge
pressure, thereby increasing transpulmonary fluid absorption
(Demling 1978) or decreasing fluid filtration, and in turn decreasing
lung lymph flow (Bland 1978). Furosemide-induced pulmonary
vasodilation may result from an increase in prostaglandins
(Lundergan 1988).

1.3.2. A delayed increase in urine output (Aufricht 1997),
which reduces extracellular volume including interstitial volume
(O'Donovan 1989), and may reduce aEerload (Wilson 1981) and
increase oncotic pressure (Sola 1981). The eNects of diuretics
on the kidney, in contrast with those on the lung, have been
studied extensively and well characterized (Brion 1994). If diuretic
administration is repeated for several days, hormonal and renal
adaptation mechanisms eventually will limit the diuretic response.
Addition of diuretic acting upon another segment of the nephron is
oEen able to overcome this tolerance.

1.4. Prevention of renal failure:
Neonatal renal failure may occur as a complication of hypotension,
hypoxemia and asphyxia. Adenosine is an important mediator
of hypoxemia-related vasoconstriction (Toth-Heyn 2000). At low
dose, the methylxanthine theophylline, an adenosine A1 receptor
antagonist, may reverse the intrarenal vasoconstriction observed
during hypoxemia (Toth-Heyn 2000). Low-dose theophylline
has been proposed to reverse hypoxemia-induced renal
vasoconstriction and renal failure in neonates with perinatal
asphyxia (Jenik 2000; Bhat 2006) or RDS (Huet 1995).

2. Possible side e7ects of diuretics:

2.1. Furosemide has been shown to increase urinary excretion
of prostaglandin E (Friedman 1978). An increase in prostaglandin
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could mediate an association between patent ductus arteriosus
(PDA) and furosemide which has been observed in a retrospective
study (Green 1981).

2.2. An increased diuresis may not be desirable in patients
with hypovolemia or low colloid pressure. This may precipitate
hypotension, pre-renal failure, drug-induced nephrotoxicity,
electrolyte anomalies and metabolic alkalosis.

2.3. Long-term complications of furosemide administration
(unlikely to occur with short-duration administration) include
negative mineral balance, nephrocalcinosis, nephrolithiasis and
hearing loss. In addition, furosemide administration may be
associated with development of cholelithiasis (Randall 1992).

3. The classification of diuretics has been expanded to include three
types of medications: adenosine A1 receptor antagonists (low-
dose theophylline), natriuretic peptides and arginine vasopressin
antagonists (Guignard 2005).

O B J E C T I V E S

The aim of this study was to assess the risks and benefits of diuretic
administration in preterm infants with RDS.

Primary objectives:
To assess: mortality, PDA, shock, intraventricular hemorrhage
(IVH), renal failure, duration of oxygen supplementation, duration
of mechanical ventilation, need for oxygen supplementation at
28 days of life, need for oxygen supplementation at 36 weeks of
postmenstrual age (gestational age + postnatal age), length of stay,
number of rehospitalizations during the first year of life, and long-
term outcome.

Secondary objectives:
To assess at the end of randomized therapy: hemodynamic
stability, oxygenation, ventilatory support, and severe fluid and
electrolyte abnormalities.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomized controlled clinical trials in which at least one of the
primary outcome variables has been analyzed.

Types of participants

Preterm infants with a postnatal age less than five days with clinical
RDS.

Types of interventions

The intervention needed to include randomized allocation to:
1) the routine administration of a diuretic in the treatment group
versus either placebo, no treatment or PRN in the control group;
2) the routine administration of a diuretic in the treatment group
versus either placebo or no treatment in the control group;
3) the administration of one diuretic in the treatment group versus
another diuretic in the control group.
Studies were considered regardless of the number of arms in the
trial.

Types of outcome measures

Primary outcome measures:
1) mortality;
2) PDA;
3) hypovolemic shock;
4) intraventricular hemorrhage (IVH);
5) renal failure;
6) duration of oxygen supplementation;
7) duration of mechanical ventilation;
8) BPD (defined as need for oxygen supplementation at 28 days of
life with or without radiographic findings);
9) oxygen supplementation at 36 weeks of postmenstrual Fi02 age

(i.e., gestational age + postnatal age);
10) death or BPD;
11) length of stay;
12) number of rehospitalizations during the first year of life;
13) neurodevelopmental outcome.

Secondary outcome measures:
1) hemodynamic instability;
2) oxygenation at the end of therapy: fractional inspiratory
concentration of oxygen (FiO2), alveolar-arterial oxygen gradient;

3) ventilatory support at the end of therapy: mean airway pressure,
peak inspiratory pressure, failure to tolerate extubation;
4) dehydration and clinically important electrolyte anomalies.

Search methods for identification of studies

See: Cochrane Neonatal Review Group search strategy
Standard search method of the Cochrane Neonatal Review Group.

1. Published manuscripts:
The original search included MEDLINE (1966 to 1998), EMBASE
(1974 to 1998) and the Cochrane Controlled Trials Register (CCTR)
from The Cochrane Library, Issue 3, 1998. Search was not limited to
any language.
The following keywords were used: <exp respiratory distress
syndrome> and <exp diuretics>.

An additional search using MEDLINE was conducted using the
keywords 'respiratory distress syndrome' and 'diuretic' in January
2001 and repeated in April 2003, March 2007, and August 2011.
None of these searches yielded any additional studies for inclusion.
Searches of the Cochrane Central Register of Controlled Trials
(CENTRAL, The Cochrane Library, Issue 1, 2003 and Issue 1,
2007) did not yield any additional studies. Since medications
newly classified as diuretics are not listed as such in MEDLINE,
we repeated the 2007 and 2011 MEDLINE search using only the
keyword 'respiratory distress syndrome.'
Additional searches in CENTRAL (Issue 4, 2010), EMBASE,
clinicaltrials.gov and controlled-trials.com using the keywords
'respiratory distress syndrome' and 'infant' were conducted in
January 2011. MEDLINE search updated in August 2011.

2. Published abstracts:
Search included the abstracts of the following societies:
# American Academy of Pediatrics 1990 to 1998 (published in
American Journal of Perinatology [1990 to 1995] and in Pediatrics
[1996 to 1998]). Hand search of sections on Computer and other
Technologies, Critical Care and Perinatal Pediatrics.

# American Thoracic Society 1991 to 1998 (published in
American Review of Respiratory Disease [1991 to 1993] and
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in American Journal of Respiratory and Critical Care Medicine
[1994 to 1998]). For 1991 to 1993 and 1995 to1997 hand search
of sections with a title that includes one of the following
keywords: bronchopulmonary dysplasia, BPD, childhood/children,
diuretic(s), edema, fluid, infant, mechanics, neonatal, pediatric(s),
pulmonary function tests, or water. For 1994 (no sections) hand
search of all abstracts. For 1998 search the CD-ROM using the
following keywords: bumetanide, lung disease, respiratory distress,
respiratory distress syndrome, diuretic, furosemide, metolazone,
spironolactone, and thiazide.

# Eastern Society for Pediatric Research 1991 to 1998 (published in
Pediatric Research). For years 1991 to 1993 and 1997 to 1998 hand
search of sections on Clinical Trials, Epidemiology, Neonatology,
and Pulmonology. For the other years (no sections) hand search of
all of the abstracts.

# Society for Pediatric Research 1985 to 1998 (published in
Pediatric Research). Search was done by hand or electronically
by CD-ROM (1997 to 1998). For abstract books or CD-ROMs
with keywords, we used the same keywords as described
for the American Thoracic Society CD-ROM (see above). For
years 1992 to 1993 (volumes 31 and 33 of Pediatric Research),
no keywords are available; therefore, we hand searched the
sections on Developmental Pharmacology, Neonatology-General,
and Neonatal Pulmonology.

3. Database of the Neonatal Review Group of the Cochrane
Collaboration:
All publications coded under diuretics as intervention were
screened.

4. Selection process:
Only randomized controlled trials fulfilling the selection criteria
described in the previous sections were selected. Selection was
done separately by two investigators; any disagreement was
resolved by discussion.

Data collection and analysis

Standard method for the Cochrane Collaboration described in the
Cochrane Collaboration Handbook.

1. Data extraction and entry:
Two review authors extracted, assessed and coded separately all
data for each study. Any disagreement was resolved by discussion.
Any standard error of the mean was replaced by the corresponding
standard deviation (SD). Mean and standard error of the mean
or SD were transformed from graphical data into numerical data
using a transparent millimetric ruler and an electronic spreadsheet.
Each author was sent an itemized letter requesting additional
information about design, patients, methods, or original outcome
data (if missing, incomplete or presented in graphical form). For
each study, final data were entered into RevMan by one review
author and then checked by the second review author.

2. Planned comparisons and subgroup analyses:
Comparisons:
1) routine diuretic administration in treatment group versus
placebo, no treatment or PRN diuretics in the control group;
2) routine diuretic administration in treatment group versus
placebo or no treatment in the control group;

3) diuretic administration in treatment group versus
administration of another diuretic in the control group.

Subgroup analyses based on:
1) gestational age (if average gestational age in various studies
diNers by more than four weeks);
2) postnatal age (< 24 hours versus at least 24 hours, i.e, before
diuresis or during the time of expected diuresis);
3) class of diuretic (this subgroup analysis was added in 2007).

3. Criteria for assessing the methodological quality of the studies:
Standard method of the Cochrane Neonatal Review Group.
The methodological quality of the studies was assessed for the
risk for four types of bias (selection, performance, attrition and
detection). Each study was assessed separately by two reviewers;
disagreements were resolved by discussion with the other reviewer.

4. Statistical analysis:
The standard method of the Cochrane Neonatal Review Group,
using a fixed eNect model, was used. As much as possible, each
variable in various studies was transformed into the same unit of
measurement, and used the weighted mean diNerence for meta-
analysis. Tests of between-study heterogeneity (chi-square analysis

and I2) were used to determine if pooling of data was appropriate; if
there was inconsistency in the direction of the eNect, the data from
the meta-analysis was not presented.

In addition, continuous variables were transformed into treatment
eNect defined as change from baseline. This transformation was not
possible if the initial value was not provided or if the number of
patients decreased at follow-up. If individual values of change were
not provided by the authors, the variance of change was estimated
using Follmann's (Follmann 1992) method, described in version
3.0.2 of the Cochrane Collaboration Handbook (page 213):
Var(change)=Var(pretest) + Var(posttest) - 2 x SD(pretest) x
SD (posttest) x correlation (pretest, posttest), where var is the
variance and SD is the standard deviation. The pretest-posttest
correlation was assumed to be 0.4, which is a conservative
estimate. Sensitivity analysis was conducted by successively using
a correlation coeNicient of 0.3, 0.4 and 0.5.

R E S U L T S

Description of studies

Eleven studies were considered for the initial review. Four studies
were eliminated because they were not randomized controlled
trials. One randomized trial (Yeh 1985) was eliminated because
it did not include any of the major outcomes defined for this
systematic review. Thus, the initial systematic review includes
six studies. Details of each study are provided in the table
"Characteristics of included studies". All studies had a parallel
design. Comparisons are shown as first entry in the column labeled
'Interventions'. No subcategories were used based on gestational
age because the maximum range of average gestational age within
each intervention group was two weeks.

The repeat search conducted in March 2007 yielded two additional
randomized trials (Cattarelli 2006; Hegyi 1986). One trial was
excluded because RDS was not listed as inclusion criterion (Hegyi
1986). Thus, the revised 2007 analysis was conducted with seven
trials. Subgroup analysis was modified as indicated in the method
section.
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The January 2011 search yielded one additional randomized trial
(Greenough 1985). This trial was excluded because the age of
patients was not less than five days.

Belik 1987:
Patients were randomly allocated to either receive four i.v. doses of
1 mg/kg furosemide every 12 hours, or no diuretic. AEer removing
two infants who met criteria for exclusion (sepsis), the number
of patients randomized to furosemide was 20 and the number of
patients in the control group was 17. Patients were well matched.
The first dose of furosemide was given at 13 ± 4 hours of life;
patients were followed until discharge. Changes in FiO2, AaDO2
and peak inspiratory pressure from study entry until the end of the
randomized treatment were assessed using Follmann's formula.

One patient in the furosemide group died of massive intracranial
hemorrhage at 24 hours of life. Furosemide transiently improved
oxygenation but did not aNect the duration of O2 supplementation.
Furosemide tended to reduce peak inspiratory pressure and
significantly shortened the duration of mechanical ventilation (171
± 47 hours in the furosemide group versus 290 ± 99 hours in the
control group, p < 0.05). Three patients developed a PDA in each
group. Furosemide increased the urine output-to-intake ratio and
resulted in diuresis occurring at 32 hours in the treated group
instead of 56 hours in the control group.

Subgroup analysis in this study is limited by sample size and low
power. Nevertheless, it showed that furosemide:
(1) significantly but transiently reduced peak inspiratory pressure
and improved oxygenation in the 1,000 to 1,500 g weight range;
(2) significantly but transiently improved oxygenation in the > 1,500
g weight range, although the eNect was smaller;
(3) did not significantly aNect oxygenation and peak inspiratory
pressure in the < 1,000 g birthweight range.

Cattarelli 2006:
Patients were randomly allocated to receive either i.v. theophylline
1 mg/kg daily or an equal volume of placebo for three days. Of 54
eligible patients, 50 were randomly allocated, 25 to placebo and 25
to theophylline. One patient died in the placebo group and two in
the theophylline group during the first 48 hours. Patients in the two
groups had similar baseline characteristics.

Several infants received other medications that could aNect
outcomes of interest in this review. Eight infants in the theophylline
group and twelve in the control group received furosemide, 21
in each group received dopamine, nine in the theophylline group
and twelve controls received dobutamine, six in the theophylline
group and four controls received ibuprofen, one control received
indomethacin, and eight in the theophylline group and nine
controls received caNeine.

Patients in the theophylline group had a lower frequency of
oligoanuria than controls, a significantly higher urine output on day
one, and a lower serum creatinine concentration 24 hours aEer the
first administration of theophylline.

At discharge, however, serum creatinine was not significantly
diNerent between the two groups. Two infants in each group
developed hyponatremia (sodium < 130 mM/L), three in the
theophylline group and two in the control group developed
hyperkalemia (potassium > 6.5 mM/L). Theophylline did not

significantly aNect the length of stay, nor in the incidence of PDA,
IVH, BPD, retinopathy of prematurity, or necrotizing enterocolitis.

Green 1983:
Patients were randomly allocated to receive either PRN furosemide
or PRN chlorothiazide. Of 101 enrolled patients, two were dropped
from the study, and most information is available only in the
66 patients who did receive diuretics (33 furosemide and 33
chlorothiazide). Information on the 33 patients who did not
receive diuretics were pooled, regardless of randomized group
assignment. Patients who received furosemide and those who
received chlorothiazide were well matched (see Table). The first
diuretic dose was given close to three days of age. Patients
remained in the study until one of the following occurred: lack of
ventilatory support or oxygen supplementation, ductal ligation, or
postnatal age greater or equal to 14 days.

Of 33 patients who received furosemide, eight died, compared with
13 of 33 who received chlorothiazide. A murmur characteristic of
PDA was observed in 22 patients in the furosemide group and 13 in
the control group (p < 0.05). During the study, 18 patients developed
clinical findings of a PDA in the furosemide group and 8 in the
thiazide group. Of those, 11 and 7, respectively, underwent surgical
ligation. In addition, six patients in the furosemide group were later
found to have a PDA. Thus, the total number of patients developing
a PDA during the initial hospital stay was 24 of 33 in the furosemide
group and eight of 33 in the thiazide group.

Among survivors, the incidence of BPD was 3/25 in the furosemide
group and 3/20 in the chlorothiazide group. Duration of mechanical
ventilation was 10.5 ± 10.3 days and 7.3 ± 4.6 days, respectively
(NS).
The incidence of death or BPD was 11/33 in the furosemide group
and 16/33 in the chlorothiazide group. Thirteen patients developed
an IVH in the furosemide group, compared with 11 in the thiazide
group.
Weight loss (% of body weight) was greater in furosemide-
treated patients than in thiazide-treated patients on days 4 and
5. Urinary excretion of prostaglandin E2 slightly and transiently
increased in both groups aEer diuretic administration on the first
day. However, furosemide but not chlorothiazide administration
increased urinary excretion of prostaglandin E2 on day five.

Green 1988:
Patients were randomly allocated to receive either four i.v. doses
of 1 mg/kg furosemide every 12 hours, or placebo. In addition,
patients in each group received PRN doses of furosemide. Thirty-
five patients were randomized to prophylactic furosemide and 34 to
the control group. Patients in the two groups were well matched for
most variables. Nevertheless, the rate of colloid infusion at 18 to 24
hours of life, i.e. at or before the time of entry into the study, tended
to be higher in the furosemide group than in the control group (6.3 ±
9.5 ml/kg/hour versus 3.8 ± 6.0 ml/kg/hour). Patients were followed
from study entry at 24 to 30 hours of life until day seven.

Criteria for PRN diuretic administration were not rigidly defined
in the protocol. Diuretics were usually prescribed to patients with
lack of pulmonary improvement and either (1) lack of spontaneous
diuresis beginning on the second to fourth day of life (urine output
> fluid intake for at least eight hours) or (2) clinical evidence of PDA.
Eleven of 35 patients in the treatment group received additional
PRN furosemide during the first three days of life, versus 21 of 34
in the control group, yielding a relative risk of 0.51 (95% confidence
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interval [CI] 0.29 to 0.89) and a risk diNerence of -0.303, CI -0.528,
-0.079). Nevertheless, the total dose of furosemide (randomized +
PRN) administered during the first 3 days of life was significantly
greater in the treatment group than in the control group (4.8 ±
1.4 mg/kg versus 1.5 ± 1.7 mg/kg, p < 0.001). The dose of PRN
furosemide prescribed aEerwards was similar in the two groups.

The authors used paired Student t-tests and repeated measures
analysis of variance for comparing serial values in the two groups;
we calculated the weighted mean diNerence using Follmann's
formula.
Mortality was not aNected by randomized assignment: three
patients died in each group, yielding a relative risk of 0.97 (CI 0.21
to 4.48).

Mean airway pressure and alveolar-arterial O2 pressure gradient
were similar in both groups at entry into the study, at five and
at seven days of life. Values at the end of treatment (i.e., at 72
to 80 hours of life) are not available. The duration of mechanical
ventilation and that of O2 supplementation were also similar in
both groups.

The incidence of PDA was as follows: In the treatment group,
14 patients had a clinically significant PDA, eight received
indomethacin and three underwent surgical ligation. In the
control group, eight developed a significant PDA, five received
indomethacin and one underwent surgical ligation. Furosemide
tended to increase the risk for PDA, as shown by a relative risk of
1.70 (CI 0.82 to 3.53) and a risk diNerence of 0.165 (CI -0.051 to
+0.381). Cardiovascular stability index worsened during the study
in the furosemide group but not in the control group (p = 0.03 by
repeated measures analysis of variance; weighted mean diNerence
0.77, CI -0.14 to +1.68). Patients in the furosemide group had higher
heart rate (p = 0.016) than those in the control group. The number
of patients who developed shock and the number of patients
receiving vasopressors are not provided. The rate of dobutamine
administration needed to maintain normal blood pressure was
significantly higher in the furosemide group than in the control
group (p < 0.05), and that of dopamine tended to be higher
from 48 to 96 hours (p < 0.10). In both groups, the amount of
colloids eNectively administered decreased from 6 ml/kg/hour at
12 hours of life to 2 ml/kg/hour at 96 hours. The amount of colloid
administered from 24 to 48 hours of life tended to be higher in the
furosemide group than in the control group (NS). Patients in the
furosemide group had significantly less increase in plasma volume
between 48 hours and 96 hours of life than those in the control
group (weighted mean diNerence -7.7 ml/kg, CI -13.1 to -2.3).

Patients in the furosemide group received the same amount of
crystalloids as those in the control group. Systematic furosemide
administration significantly increased urine output and decreased
fluid balance from 24 to 96 hours, thereby increasing weight loss (p
< 0.05 by paired Student t-test; weighted mean diNerence 2.2 % of
birthweight, CI -1.2 to +5.6). Median grade of IVH was 1 (range 0 to
4) in the treatment group and 0 (range 0 - 4) in the control group.
The incidence of IVH is not provided.

Marks 1978:
Patients were randomly allocated to receive either a single i.v.
dose of 2 mg/kg furosemide or placebo. No patient received any
diuretic before study entry. Seven patients were randomized to
furosemide and five to placebo. Patients in the furosemide group
were smaller than those in the control group (birthweight 1,707

± 485 g, n = 7, versus 2,286 ± 418 g, n = 5, respectively, p < 0.05)
and had significantly lower initial FiO2 (0.49 ± 0.01, versus 0.61 ±
0.02, respectively p < 0.05). Patients were entered into the study on
average during the second day of life, and remained in the study for
six hours aEer treatment.

The manuscript provides data on only one of the major outcomes
defined for this review. One of seven patients in the furosemide
group developed hypovolemic shock, compared with none of five
in the control group (NS). In addition, information provided by the
authors showed that no infant died in either group (KH Marks,
personal communication). No echocardiographic measurements
were obtained (method unavailable at the time). There was no
significant diNerence in blood paO2, pCO2, pH between the two
groups before and within the six hours that followed furosemide
administration. Nevertheless, change scores cannot be calculated
because baseline values are provided for 27 samples (not patients)
in the furosemide group and 22 samples in the control group,
whereas values aEer treatment are provided for seven and five
patients, respectively. Urine output, calciuria and natriuresis
increased more in the furosemide group than in the control group.

Savage 1975:
Patients were randomly allocated to receive either three doses
of 1.5 mg/kg of furosemide (one each at two, six and 12 hours
of age) or no treatment. Seven patients were randomized to
the furosemide group and 13 to the control group; parameters
were followed during the first 24 hours of life. Patients in the
furosemide group had more severe RDS than those in the control
group. Positive pressure was required in five of seven infants in
the furosemide group (two on mechanical ventilation and three
on CPAP) and three of 13 patients in the control group (all on
mechanical ventilation) (p = 0.062). Five of seven patients in the
furosemide group required Na bicarbonate to correct metabolic
acidosis, compared with none of 13 in the control group (p <
0.001). No patient developed renal failure (A. Wilkinson, personal
communication).

Four patients died in the furosemide group and two in the control
group. No information is provided on changes or duration of
mechanical ventilation and oxygen supplementation. At six hours
of life, arterial pO2 in 100% O2 was 143 ± 66 mm Hg (n = 7) in the
furosemide group compared with 215 ± 55 mm Hg (n = 11) in the
control group (NS). Serial data on pO2 and pCO2 show no significant
changes within 60 minutes aEer furosemide administration (by
paired Student t-test); corresponding values are not provided in
the control group. Because of baseline diNerences between the
two groups and other limitations of this study (see Discussion), a
sensitivity analysis, comparing the results of meta-analysis with
and without including Savage's study was done.

Yeh 1984:
Patients were randomly allocated to receive either three i.v. doses
of 1 mg/kg of furosemide at 24-hour intervals, or no diuretic.
Of 60 randomized patients, four were excluded from the analysis
(see Methodological quality). Final analysis included 29 patients
in the furosemide group and 25 in the control group. Average
postnatal age at study entry was seven hours. All parameters were
followed for 72 hours aEer study entry, except for PDA which was
assessed daily until discharge. Changes in FiO2, AaDO2 and mean
airway pressure from study entry until the end of the randomized
treatment were assessed using Follmann's formula.

Diuretics for respiratory distress syndrome in preterm infants (Review)
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Five of 29 patients in the furosemide group died (six of the original
30), compared with four of 27 in the control group (seven of the
original 30). Extubation was unsuccessful in 16 of 29 patients in the
furosemide group and 23 of 25 patients in the control group. By
the end of the study, patients in the furosemide group had lower
mean airway pressure than those in controls but similar FiO2 and
alveolar-arterial gradient. One-year neurodevelopmental outcome
was available in 26 of 30 survivors with a birthweight of 1250 grams
or less. The incidence of significant handicap (defined as a major
neurologic abnormality or a MDI/PDI < 50) at one year of age was
2/14 in the furosemide group and 4/12 in the control group.

Risk of bias in included studies

Belik 1987:
Blinding was not documented (neither for randomization, nor for
intervention, nor for outcome). The authors used blocks of two (one
patient in one group, the other patient in the other group) and did
not use a placebo in the control group. Two infants were excluded
from the analysis based on pre-determined criteria (sepsis), and
a third infant in the furosemide group was eliminated from the
study because of death from massive intraventricular hemorrhage
at 24 hours of life. This patient was included in our analysis of
the risk of death. Although no washout period was documented,
it is unlikely that any received diuretics before enrollment because
patients appear to all have been entered before eight hours of life.

Cattarelli 2006:
Blinding was documented for randomization, intervention and
outcome. Randomization was done by computer generated
numbers. Complete follow-up: yes. Theophylline or placebo was
prepared by a doctor from the neonatology section, not involved in
patient care, using syringes with identical appearance. The medical
and nursing staN were blinded to the patient assignment.

Green 1983:
Blinding was documented for randomization, intervention and
outcome. Complete follow-up: no. Of 101 enrolled patients, two
were dropped from the study, and most information is only
available in the 66 patients who eNectively received diuretics (33
furosemide and 33 chlorothiazide). Thus, analysis could only be
performed on eNective treatment basis, not on intention-to-treat
basis. Nevertheless, the percentage of patients receiving diuretics
was the same in both groups, thereby possibly limiting bias. The
main outcome selected by the authors was the analysis of short-
term clinical PDA. Data show that several patients developed a
clinical PDA later in the course. Only patients who never received
diuretics previously were eligible to the study.

Green 1988:
This study is free of any of the four types of bias analyzed. Blinding
was documented for randomization, intervention and outcome.
Furosemide and placebo were dispensed in numbered vials. All
patients had complete follow-up. No patient had received diuretics
before entering into the study.

Marks 1978:
Blinding was documented for randomization, intervention and
outcome. Drug and placebo were drawn up in the pharmacy
and administered without the knowledge of the investigators. All
patients were followed.
No patient received diuretics before entering the study (KH Marks,
personal communication).

Savage 1975:
Blinding of randomization and outcome is not documented. There
was no blinding of intervention: control patients did not receive a
placebo.
No patient received diuretic before entering the study (A.
Wilkinson, personal communication).

Yeh 1984:
Randomization was blind (envelopes). It is unclear whether
intervention was blind: the authors do not mention whether
control patients received a placebo. Four patients were excluded
from the study before analysis. Of these four patients, two in
the control group died within 24 hours aEer birth with IVH and
seizures; removing these two patients from the analysis would bias
the results. Blinding of outcome is not documented. Although a
washout period was not documented patients were entered at
seven hours of life; therefore it is unlikely that anyone received
diuretics before enrollment.

E7ects of interventions

For many outcomes, only one or two studies provided data that
could be merged into a meta-analysis, so that only a small number
of patients was included in each analysis. Therefore, it is possible
that real diNerences due to furosemide administration could have
been missed. For each analysis, the studies and the number of
patients in which the particular outcome was noted.

ROUTINE ADMINISTRATION OF A DIURETIC IN THE TREATMENT
GROUP VERSUS EITHER PLACEBO, NO TREATMENT OR PRN
ADMINISTRATION IN THE CONTROL GROUP (Comparison 01)

This comparison included six studies (Belik 1987; Cattarelli 2006;
Green 1988; Marks 1978; Savage 1975; Yeh 1984)

Mortality (Outcome 1.1)

Combined analysis of mortality data in six studies showed that
16 of 124 patients died in the diuretic group compared with 13 of
124 in the control group. No individual study showed a significant
eNect of diuretic therapy on mortality rate. Summary statistics
showed no significant eNect of diuretic therapy on mortality, but
a trends towards increased mortality, with a RR of 1.35 (95%CI
0.71 to 2.56) and a RD of 0.04 (95%CI -0.04 to +0.12). There was
no significant heterogeneity among the studies. Because of the
limitations of Savage's study (see discussion), a sensitivity analysis
was done by repeating the meta-analysis aEer removing that study,
yielding 12 deaths among 117 patients in the treatment group and
11 among 111 in the control group. This sensitivity analysis showed
no significant eNect of diuretic therapy on mortality, as shown by
a RR of 1.07 (95%CI 0.51 to 2.24) and a RD of 0.01 (95%CI -0.07 to
+0.09).

Predetermined subgroup analyses were available for the following
groups: starting during the first 24 hours, starting aEer at least
24 hours, loop diuretics and theophylline. The summary statistics
for studies starting before 24 hours showed a non significant
trend towards increased mortality (RR 1.47, 95%CI 0.72 to 2.97),
whereas the summary statistics of studies starting at or aEer 24
hours showed no eNect on mortality (RR 0.97, 95%CI 0.21 to 4.48).
The subgroup of studies using furosemide did not significantly
aNect but tended to increase mortality, as shown by a RR of 1.30
(95%CI 0.67 to 2.52) and a RD of 0.04 (95%CI -0.06 to +0.13). The
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sensitivity analysis done aEer removing Savage's study, yielding 10
deaths among 92 patients in the treatment group and 10 among
86 in the control group, revealed that furosemide did not aNect
mortality, as shown by a RR of 0.98 (95%CI 0.45 to 2.14) and a
RD of 0.00 (CI -0.10 to +0.09). In the single study conducted in
the 21st century, theophylline did not significantly aNect mortality
(two deaths among 25 in the treated group versus one among 25
in the control), with a RR of 2.00 (95%CI 0.19 to 20.67). However,
the sample size is too small to rule out the possibility that early
administration of theophylline might aNect mortality.

Cardiovascular system (Outcomes 1.2 to 1.6)

Clinically significant PDA (Outcome 1.2)
Data on clinically significant PDA were available in four studies
(Yeh, Belik, Green 1988, Catarrelli). Summay statistics showed no
significant eNect of diuretic therapy on the risk of PDA (30 of 106
in the treatment group versus 26 of 102 in the control group), with
RR of 1.11 (95%CI 0.72 to 1.71) and RD 0.03 (95%CI -0.09 to +0.15).
Subgroup analyses were conducted on studies with randomization
during the first 24 hours, those starting aEer at least 24 hours,
those using loop diuretics and those using theophylline. None of
those analyses showed any significant eNect of routine diuretic
administration on PDA. However, the single study using furosemide
administration aEer 24 hours (Green 1988) showed a trend towards
an increase in PDA (RR 1.70, 95%CI 0.82 to 3.53).

Hemodynamic instability (Outcomes 1.3 to 1.8)
Data on hypovolemic shock, cardiovascular instability, dopamine
requirement, dobutamine requirement and colloid requirement
were each available in only one study (Marks 1978 and Green 1988)
and are reported in the section on description of studies. Data from
Marks study suggest that furosemide did not significantly aNect
the risk for hypovolemic shock (RR 4.0, 95%CI 0.2 to 82.0; RD 0.2,
95%CI -0.3 to +0.7). Data from Green's study (n=69) showed that
furosemide significantly reduced the change in plasma volume
during treatment in comparison with control ( MD -7.7 ml/kg,
95%CI -11.5 to -3.7) but did not aNect the change in rate of colloid
infusion during treatment (MD -0.9 ml/kg/hour, 95%CI -4.3 to +2.6).
Furosemide increased the cardiovascular stability index change
(MD +0.8, 95%CI -0.1 to +1.7) and the rate of dobutamine infusion
during the treatment (WMD +3.1 micrograms/kg/min, 95%CI -0.6 to
+6.8), and tended to increase the change in dopamine infusion (MD
+2.4, 95%CI -0.1 to +4.9).

Respiratory system (Outcomes 1.9 to 1.16)

Mechanical ventilation (Outcomes 1.9 - 1.12)
In Yeh's study, routine furosemide administration decreased the
risk of failure to extubate (RR 0.65, 95%CI 0.45 to 0.93 and RD
-0.3, 95%CI -0.5 to -0.1). In Belik's study, routine furosemide
administration tended to reduce peak inspiratory pressure during
therapy (WMD -6.6 cm H2O, 95%CI -14.7 to +1.5). Similarly,
combined analysis of Green's and Yeh's study showed that
furosemide tended to decrease mean airway pressure during
treatment (weighted mean diNerence (-1.2 cm H2O, 95%CI -2.4 to
+0.1). Sensitivity analysis using a correlation coeNicient of 0.5 or 0.3
in Follmann's formula did not change the results.

Duration of mechanical ventilation was analyzed in two studies
(Belik and Green). Combined analysis showed that furosemide
significantly decreased the duration of mechanical ventilation
(-2.8 days, 95%CI -4.5 to -1.2). However, test for heterogeneity

was significant: furosemide significantly shortened the duration in
Belik's study and did not significantly aNect it in Green's study. It
is unclear whether heterogeneity of response resulted from (1) the
time of initiation of routine furosemide in the treatment group (13
hours in Belik's study versus 24 to 30 hours in Green's study) or (2)
the amount of diuretic administration in the control group (none in
Belik's study versus PRN in Green's study).

Oxygenation and oxygen requirement (Outcome 1.13 and 1.14)
Combined analysis of the data on FiO2 from Belik's and Yeh's study
showed that furosemide did not significantly aNect the change in
FiO2 during therapy (WMD -0.05, 95%CI -0.13 to +0.04).
Data on AaDO2 were available in three studies (Balik, Yeh and
Green). Overall, furosemide did not significantly aNect AaDO2 (WMD
-1.6 mm Hg, 95%CI -43.8 to +40.5). The results were heterogeneous:
in Green's study (furosemide initiated at 24 - 30 hours in the
treatment group and given PRN in the control group), furosemide
tended to worsen AaDO2; in contrast, in studies involving routine
administration of furosemide before 24 hours and no diuretics
in the control group (Belik and Yeh), furosemide significantly
improved AaDO2 (WMD -66.8 mm Hg, 95%CI -131.2 to -2.4) using a
correlation coeNicient of 0.4 in Follmann's formula. Nevertheless,
sensitivity analysis using a correlation of 0.3 showed no significant
eNect of furosemide (WMD -67 mm Hg, 95%CI -136 to +2).

BPD (Outcome 1.15)
Data on BPD were provided in three studies (Yeh, Belik, Cattarelli).
No study showed a significant of diuretic on the risk of BPD.
Summary statistics showed no significant eNect of routine diuretic
administration on the risk of BPD (12 of 71 in the treatment group
versus 14 of 68 in the control group, RR 0.81, 95%CI 0.41 to 1.59,
RD -0.04, 95%CI -0.16 to +0.08). Subgroup analyses were available
for administration before 24 hours (all three studies), loop diuretics
and theophylline. Furosemide did not significantly aNect the risk
of BPD (11 of 48 patients in the furosemide group, compared with
10 of 44 in the control group), yielding a RR of 1.02, 95%CI 0.49
to 2.10 and a RD of 0.00, 95%CI -0.16 to +0.17. In contrast, routine
theophylline administration resulted in a non significant trend
towards a decrease in BPD, yielding a RR of 0.29, 95%CI 0.04 to 2.44
and RD -0.10, 95%CI -0.26 to +0.05.

Death or BPD (Outcome 1.16)
Data on death or BPD are available in two studies (Belik, Cattarelli).
The time of death was not reported in Yeh's study. Summary
statistics showed no significant eNect of diuretics on the risk of
death or BPD (6 of 45 in the treatment group versus 6 of 42 in the
control group, RR 0.95, 95%CI 0.32 to 2.76, RD -0.01, 95%CI -0.15 to
+0.13). Furosemide tended to increase the risk of death or BPD, as
shown by a RR of 2.55, 95%CI 0.29 to 22.31 and a RD of 0.09, 95%CI
-0.10 to +0.28. In contrast, in the single study using theophylline,
diuretic administration tended to decrease the risk of BPD, RR 0.60,
95%CI 0.16 to 2.25.

Duration of oxygen supplementation (Outcome 1.17)
Duration of oxygen supplementation was analyzed in three studies
(Belik, Yeh, Green). Combined analysis (n = 92 patients) showed that
furosemide did not aNect the duration of oxygen supplementation
(WMD -0.5 days, 95%CI -2.5 to +1.5).

Neurology
Intraventricular hemorrhage (IVH) (Outcomes 1.18 and 1.19)
Data on IVH were available in three studies ( Savage, Yeh and
Cattarelli). Two studies showed a trend towards a decreased risk of
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IVH and one study towards an increased risk. of IVH. IVH developed
in 12 of 60 patients in the diuretic group versus 17 of 67 in the
control group, yielding a RR of 0.76, 95%CI 0.40 to 1.44 and RD -0.06,
95%CI -0.21 to +0.08.
Sensitivity analysis done aEer removing Savage's study from the
analysis yielded a relative risk of 0.63 (95%CI 0.32 to 1.26) and a
risk diNerence of -0.11 (95%CI -0.27 to +0.05), suggesting a trend
towards reduced risk for IVH.

Subgroup analysis of the studies using furosemide showed that IVH
developed in 9 of 37 patients in the furosemide group and in 11
of 43 in the control group, yielding a relative risk of 0.90 (95%CI
0.43 to 1.88) and a risk diNerence of -0.03 (95%CI -0.22 to +0.17).
Sensitivity analysis done aEer removing Savage's study from the
analysis yielded a relative risk of 0.70 (95%CI 0.31 to 1.59) and a risk
diNerence of -0.10 (95%CI -0.33 to +0.13).
In Cattarelli' s study, theophylline administration tended to reduce
the risk of IVH (RR 0.52, 95%CI 0.15 to 1.84, RD -0.12, 95%CI -0.34
to +0.10) but dit not aNect the risk of severe IVH (one of 23 in the
treatment group versus one of 24 in the control group, RR 1.04,
95%CI 0.07 to 15.72, RD 0.00, 95%CI -0.11 to +0.12).

Duration of hospitalization (Outcome 1.20)
This variable was analyzed two studies (Yeh and Catterelli).
In Yeh's routine furosemide administration tended to prolong
hospitalization (MD +6.6 days, 95%CI -16.4 to + 29.6), whereas
in Catarelli' s study, theophylline did not aNect the duration of
hospitalization (MD 0.40 days, 95%CI -15.62 to +16.42). Summary
statistics showed no significant eNect of diuretic administration on
duration of hospitalization (n = 103, WMD 2.43 days, 95%CI -10.71
to +15.57).

Neurodevelopmental outcome (Outcome 1.21)
The only data available were published as an abstract (Yeh 1984)
which describes one-year outcome in infants with birthweight of
1250 grams or less. Furosemide did not significantly aNect the risk
for significant handicap at one year of age (RR 0.43, 95%CI 0.09 to
1.94 and RD -0.19, 95%CI -0.51 to + 0.13).

Renal and electrolytes issues (Outcomes 1.22 to 1.24)

Oligoanuria (urine output < 1 ml/kg/hour) (Outcome 1.22)
This variable was analyzed in one study (Cattarelli 2006). One
among 24 patients in the theophylline group versus four among 23
in the control group developed oligoanuria, yielding a RR of 0.13,
95%CI 0.02 to 0.96 and a RD of -0.29, 95%CI -0.50 to -0.08.

Hyponatremia (sodium < 130 mM/L) (Outcome 1.23)
This variable was analyzed in one study (Cattarelli 2006). Two
infants in each group developed hyponatremia, yielding a RR of
1.04, 95%CI 0.16 to 6.80, and a RD of 0.00, 95%CI -0.16 to +0.16.

Hyperkalemia (potassium > 6.5 mM/L) (Outcome 1.24)
This variable was analyzed in one study (Cattarelli 2006). Three
infants among 24 infants in the theophylline group versus two
among 23 in the control group developed hyperkalemia, yielding a
RR of 1.57, 95%CI 0.29 to 8.53 and a RD of 0.05, 95%CI -0.13 to +0.22.

ROUTINE ADMINISTRATION OF A DIURETIC IN THE TREATMENT
GROUP VERSUS EITHER PLACEBO OR NO TREATMENT IN THE
CONTROL GROUP (COMPARISON 2)
This comparison included five studies (Belik 1987; Cattarelli 2006;
Marks 1978; Savage 1975; Yeh 1984). We present in this section only

data that diNer from section one, i.e., aEer eliminating data from
Green 1988's study.

Mortality (Outcome 2.1)
Among the five studies reporting data on mortality, none showed
a significant eNect of routine diuretic administration. Summary
statistics showed no significant eNect, but a trend towards an
increased risk, with a RR of 1.47, 95%CI 0.72 to 2.97; RD 0.05, 95%CI
-0.04 to +0.15).

Subgroup analyses were available for studies starting before 24
hours of age, studies on loop diuretics and studies on theophylline.
For loop diuretics, summary statistics showed a tend towards
increase mortality, with a RR of 1.41 (95%CI 0.67 to 2.95) and a RD of
0.06 (95%CI -0.07 to +0.19). Sensitivity analysis done aEer removing
Savage's study showed no eNect of furosemide on mortality (7
deaths among 57 patients in the treatment group versus 7 among
52 in the control group), as shown by a RR of 0.98 (95%CI 0.39 to
2.44) and a RD of -0.00 (95%CI -0.13 to +0.19).

CARDIOVASCULAR SYSTEM
Clinically significant PDA (Outcome 2.2)
Data on clinically significant PDA were available in Belik's and
Yeh's study. A significant PDA developed in 10 of 48 patients in the
furosemide group and 13 of 44 in the control group, yielding a RR of
0.72 (95%CI 0.38 to 1.38) and a RD of -0.08 (95%CI -0.25 to +0.08).

Mechanical ventilation
Change in mean airway pressure (Outcome 2.6)
Data from Yeh's study showed that furosemide tended to reduce
mean airway pressure (MD -1.3 cm H2O (95%CI -2.8 to +0.2).

Oxygen requirement (Outcomes 2.08 and 2.12)
Data on AaDO2 are discussed in the subgroup analysis of
the previous section. Duration of oxygen supplementation was
analyzed in two studies (Belik and Yeh). Furosemide did not aNect
the duration of oxygen supplementation (WMD -0.2 days, 95%CI -2.4
to +2.0).

ADMINISTRATION OF ONE DIURETIC IN THE TREATMENT
GROUP VERSUS ANOTHER DIURETIC IN THE CONTROL GROUP
(COMPARISON 3)
Only one study was entered into this comparison (Green 1983).

Mortality (Outcome 3.1)
Furosemide tended to decrease mortality compared with
hydrochlorothiazide, as shown by a RR of 0.62 (95%CI 0.29 to 1.29)
and a risk diNerence of -0.15 (95%CI -0.37 to +0.07).

Clinical diagnosis of PDA (Outcomes 3.2 and 3.3)
Furosemide significantly increased the risk for clinically significant
PDA during the study as defined by the authors, as shown by a RR of
2.25 (95%CI 1.14 to 4.44) and a RD of 0.30 (95%CI 0.08 to 0.53). It also
increased the risk for significant PDA during the hospitalization, as
shown by a RR of 3.00 (95%CI 1.58 to 5.68) and a RD of 0.485 (95%CI
0.27 to +0.70).

Duration of mechanical ventilation (Outcome 3.7)
Furosemide did not aNect the duration of mechanical ventilation
(MD 3.2 days, 95%CI -1.3 to +7.7).

Clinical outcomes (Outcomes 3.4 to 3.6)
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Among survivors, furosemide tended to reduce the risk for BPD,
with a RR of 0.80 (95%CI 0.18 to 3.54) and a RD of -0.03 (95%CI -0.23
to +0.17).
Furosemide tended to reduce the risk for death or BPD, with a RR
of 0.69 (95%CI 0.38 to 1.25) and a RD of -0.15 (95%CI -0.39 to +0.08).
Furosemide tended to increase the risk for IVH, with a RR of 1.18
(95%CI 0.62 to 2.25) and a RD of 0.06 (95%CI -0.17 to +0.29).

Duration of hospitalization (Outcomes 3.8)
Furosemide tended to shorten the duration of hospitalization (MD
-8.0 days, 95%CI -33.3 to +17.3).

D I S C U S S I O N

1. Limitations of the studies available for this review:
All available studies for this review are small sample size, single
center studies. Because of this small sample size, one cannot rule
out the possibility that some changes could occur with diuretic
administration but were missed.
For instance, one cannot exclude that diuretic administration,
whether using furosemide or theophylline, could increase the risk
of mortality.

Most studies available for this review were done between 1975
and 1988. Since then, major changes have occurred in obstetrical
management of prematurity and in neonatal intensive care. The
only study done in the 21st century is Cattarelli 2006, which used
theophylline.

No analyzable data are available about oxygen requirement at
36 weeks of postmenstrual age, and number of rehospitalizations
during the first year of life. Some studies (e.g., Marks, Savage)
provide only minimal amount of analyzable data.
Marks' study is limited by baseline diNerences between the two
groups: patients in the furosemide group had a lower gestational
age and lower FiO2 than controls (see table of included studies).
This study suggests that administering a single dose of furosemide
on the second day of life, compared with placebo, has no eNects
on echocardiographic signs of PDA and on blood gas analyses.
Nevertheless, the sample size is insuNicient to assess the risk-
benefit ratio of furosemide.

Savage's study is limited by two factors:
(1) diNerences in baseline characteristics between the two groups,
including the following: severity of lung disease and need for
sodium bicarbonate (See results)
(2) possibility of less than optimal treatment conditions, suggested
by lack of mechanical ventilation in two of six patients who died
(both patients in the furosemide group)
Therefore, a sensitivity analysis for death was performed - the only
available parameter for Savage's study - by excluding this study
from the meta-analysis. In addition, this study used very high doses
of furosemide over a short period, 4.5 mg/kg in 10 hours, which
potentially could have led to a risk of hearing loss.

In the first study by Green (Green 1983) analysis on an intention-to-
treat basis was not possible, because the authors do not provide
the number of patients initially randomized to each group.

In the second study by Green (Green 1988) the rate of colloid
infusion at 18 to 24 hours of life, i.e. at or before the time of entry
into the study, tended to be higher in the furosemide group than
in the control group. This suggests that the former group may

have more hypovolemia than control group even before initiating
furosemide.

2. Summary
Comparison of routine diuretic with placebo, PRN diuretic or no
treatment showed the following:
(1) no significant change, but a trend towards increased mortality;
(2) no significant change in risk of PDA;
(3) a trend towards an increased risk of hypovolemic shock,
hemodynamic instability, and less plasma volume increase during
treatment;
(4) a significant decrease in risk of failure to extubate within the end
of treatment and a trend toward a decrease in peak pressure and
mean airway pressure;
(5) a significant decrease in duration of mechanical ventilation,
which was only observed in studies in which routine furosemide
was initiated before 24 hours of life and in which control patients
did not receive PRN furosemide;
(6) no overall change in FiO2 or AaDO2. However, furosemide
significantly improved the AaDO2 gradient in studies in which
routine furosemide was initialed before 24 hours of life and in which
control patients did not receive PRN furosemide;
(7) no change in the risk of BPD or in the duration of oxygen
supplementation, but a trend toward an increase in the risk of death
or BPD;
(8) no change in the risk of severe IVH, with a trend towards a
decreased risk for IVH (any grade);
(9) no change in duration of hospitalization;
(10) no change in the risk of significant handicap at one year of age
in the smallest infants.

In addition to the above, comparison of routine diuretic
administration with placebo or no treatment showed the following:
(1) no significant change, but a trend towards increased mortality;
(2) no eNect on the risk of PDA;
(3) no significant eNect on mean airway pressure at the end of
treatment;
(4) an improvement in AaDO2 by the end of treatment;
(5) no change in duration of oxygen requirement.

A single study comparing PRN furosemide (first dose at an average
of 2.8 to 2.9 days of life) with PRN chlorothiazide showed the
following:
(1) a trend toward a decrease in the risk of death and the risk for
combined mortality-BPD;
(2) no change in risk of BPD and risk of IVH;
(3) a significant increase in the risk for clinically significant PDA;
(4) a significant increase in weight loss, urine output and in urine
excretion of prostaglandin E2.
These data are consistent with a prostaglandin E2-induced
increased incidence in PDA.

3. Interpretation and limitations of this review:
3.1. Limitations:
This review was done according to the recommendations of the
Cochrane Collaboration, using sensitivity analysis as necessary.
The method used for data analysis used two assumptions that
could not be verified because there was no access to the original
data. First, it was assumed that data had a parametric distribution;
this may not be correct for duration of hospitalization, duration of
mechanical ventilation; for these variables, the standard deviation
was oEen larger than half the mean value, suggesting that data may
be skewed to the right. Second, it was assumed that the pretest-

Diuretics for respiratory distress syndrome in preterm infants (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

11



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

posttest correlation of 0.4 (0.3 to 0.5) for assessing changes in
FiO2, AaDO2, mean airway pressure, and peak inspiratory pressure.
This may have yielded underestimation of diNerences. Indeed, in
Green 1988 study, the mean diNerence did not reach significance
for weight loss and for cardiovascular stability index, whereas the
authors had found a significant diNerence by Student t-test or by
repeated measures analysis of variance. Thus, this approach may
have yielded conservative results, i.e., diNerences among treated
and control groups may be underestimated..

The total number of patients is small. This is even more critical
for many of the outcome variables (e.g., long-term development),
which were not obtained in all studies.

Heterogeneity in design, timing of the study and medication
administered needs to be taken into consideration. Some eNects
of diuretics are similar (increased urine output), whereas many
eNects are not (Guignard 2005). This is further addressed in the next
section.

3.2. Interpretation:
Analysis of the studies available for this review shows that the
administration of diuretics to patients with RDS did not significantly
change mortality, BPD, IVH or long-term outcome. Because of
small sample size one cannot rule out the possibility that diuretic
administration might increase the risk of mortality by 35%.

The only benefits of furosemide, i.e., transiently improved
oxygenation and failure to extubate within three days, did not
outweigh the risk for serious cardiovascular side-eNects, i.e.,
hypovolemia requiring increased doses of vasopressor therapy
and hemodynamically significant PDA. Nevertheless, the eNects
of furosemide on plasma volume in patients with RDS (Green
1988) contrast with lack of such an eNect in patients with CLD
(O'Donovan 1989; Segar 1997). The eNects on plasma volume
observed in the Green study may have been in part due to diNerence
in hemodynamic instability at the time of study entry, as shown
by a trend towards a greater need for colloid administration in
the furosemide group than in the control group. Benefits were
observed only in studies starting before 24 hours of life, i.e., before
the expected diuretic phase, whereas cardiovascular side eNects
were observed in studies starting aEer 24 hours. Nevertheless, the
relationship between timing of furosemide administration and its
eNects may not have been causal; only a prospective randomized
trial could have tested this hypothesis.

Routine theophylline administration resulted in a transient
increase in renal function, including a decreased risk for
oligoanuria, lower plasma creatinine, higher estimated glomerular
filtration rate, increased urine output. Theophylline administration
did not significantly aNect other outcomes. Although theophylline

tended to increase the risk of mortality and reduce that of BPD,
neither reached statistical significance, and the study was not
powered for analysis of these outcomes.

In summary, in studies available for this review, benefits of
routine administration of furosemide to patients with RDS did
not outweigh the risks of hypovolemia and of symptomatic PDA.
Studies available for this systematic review were all done before
the introduction of several factors that may have contributed
to a decrease in pulmonary edema in RDS. Thus, routine
administration of furosemide for treating lung edema in preterm
infants with RDS before five days of life is contraindicated.
Although all studies but one available for this review assessed only
furosemide, the use of other diuretics would also carry the risk
of hypovolemia. The single study conducted in the 21st century
showed that low-dose theophylline administration in patients with
RDS transiently improves renal function, but provides no evidence
for improvement in long-term outcome.

Elective administration of diuretics in patients with RDS should be
carefully weighed against potential side eNects.

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

Implications for practice

There are no data to support routine administration of furosemide
in preterm infants with RDS. Elective administration of furosemide
to any patient with RDS should be carefully weighed against the risk
of precipitating hypovolemia or developing a symptomatic patent
ductus arteriosus. There are not enough data to support routine
administration of low-dose theophylline in preterm infants with
RDS.

Implications for research

Additional studies are required to determine the short and long-
term risk -benefit ratio of low-dose theophylline in patients with
RDS.
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Methods Blinding of randomization: No. Thirty-nine infants were entered into the study. Within each of 3 birth-
weight categories (< 1,000 g, 1,000-1,500 g and >1,500 g), patients were randomized by blocks of 2:
within each block, one patient was randomly allocated to treatment or control, and the other patient
was entered into the other group. The method of randomization is not documented. 
Blinding of intervention: no. Control patients did not receive a placebo. 
Complete follow-up: No. Three infants were excluded from the analysis. Of 39 randomized infants, 2
infants had an exclusion criterion described in the protocol of the study, i.e., proven sepsis (one in the
treatment group, one in the control group). The third infant (treatment group) died of massive intracra-
nial hemorrhage at 24 hours of life. Thus, after removing two infants who met criteria for exclusion, the
number of patients randomized to furosemide was 20 and the number of patients in the control group
was 17. 
Blinding of outcome: not documented 
Parallel design 
Washout period: not documented.

Participants Total number of patients entered into the study: 39 
Entry criteria: (1) Prematurity (2) postnatal age < 24 hours (3) RDS defined as grunting, intercostal re-
tractions, cyanosis in room air, and reticulogranular appearance with air bronchogram on chest radi-
ograms (4) FiO2 > 0.4 to maintain pAO2 > 50 torr. 
Exclusion criteria: Sepsis, renal failure (serum creatinine > 1.8 mg/dl) 
Data are provided on 19 infants in the furosemide group and 17 in the control group. Patients were en-
rolled between January and December 1982. Maternal steroid administration occurred in 3 patients in
the treatment group and 1 in the control group. All patients in the treatment group and 16 in the con-
trol group required mechanical ventilation. Average gestational ages were 30.8±2.6 weeks in the treat-
ment group and 30.6±2.5 weeks in the control group. Average weights were 1459±462 g and 1468±482
g, respectively. The first dose of furosemide was administered at 13±4 hours of life. Maternal steroid ad-
ministration occurred in 3 experimental infants and in 1 control. There was no significant difference
between the treatment and control group for the following variables: gender distribution, location of
birth, incidence of cesarean section, Apgar scores at 1 and 5 minutes, and baseline urine output to in-
take ratio (O/I), FiO2, alveolar-arterial O2 gradient, and peak inspiratory pressure. 
Average fluid intake was similar in the two groups: 88 and 85 ml/kg/day, respectively, on the first day,
106 and 101 ml/kg/day on the second day and 133 and 133 ml/kg/day on the third day. 
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All patients were followed until discharge.

Interventions Four doses of furosemide versus control. 
Patients were randomly allocated to receive either four doses of 1 mg/kg furosemide every 12 hours in-
travenously (treatment group, n=21), or no diuretic (control group, n=18).

Outcomes Major outcomes: urine output to intake ratio (O/I) per 8-hour period, ventilator requirement, duration
of oxygen therapy 
Other outcomes: survival, echocardiographic signs of PDA, clinically significant PDA. 
One of 20 patients in the furosemide group died of massive intracranial hemorrhage at 24 hours; all the
other randomized patients survived. Patients in the furosemide group had significantly higher O/I than
those in the control group between 32 and 48 hours. Diuresis (defined as O/I>1) occurred at 32 hours in
the furosemide group and 56 hours in the control group. In the treatment group, FiO2 was transiently
lower than in the control group at 32-56 hours of life, alveolar-arterial O2 gradient was lower at 40 and
48 hours, and peak inspiratory pressure was lower at 32 hours and 48-64 hours. The average duration
of O2 therapy (12 days) was not significant between the 2 groups. Two patients in the furosemide group
and one in the control group required O2 for > 1 month. The duration of mechanical ventilation was sig-
nificantly shorter in the treated group than in the control group (171±47 vs 290±94 hours, respectively,
p<0.05). 
Three patients in each group developed a murmur suggestive of PDA. No patient in the treatment
group and one in the control group required treatment for a decompensated PDA. Echocardiographic
data were similar in the two groups. 
Subgroup analysis showed higher O/I in treatment group than in control group among infants weigh-
ing 1,000-1,500 g and those weighing > 1,500 g but not in those weighing < 1,000g. Among patients
weighing 1,000-1500 g substantial differences were observed between treatment and control groups in
FiO2, alveolar-arterial gradient and peak inspiratory pressure. Among those weighing 1,500-2,000 g on-
ly minimal differences occurred between the two groups. No differences were observed among those
weighing < 1,000 g.

Notes The authors used two-way analysis of variance followed by Scheffe post-hoc test.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The method of randomization is not documented

Allocation concealment
(selection bias)

High risk Blinding of randomization: No. Thirty-nine infants were entered into the study.
Within each of 3 birthweight categories (< 1,000 g, 1,000-1,500 g and >1,500 g),
patients were randomized by blocks of 2: within each block, one patient was
randomly allocated to treatment or control, and the other patient was entered
into the other group.

Blinding (performance
bias and detection bias) 
All outcomes

High risk Blinding of intervention: no. Control patients did not receive a placebo.

Blinding of outcome: not documented

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Complete follow-up: No. Three infants were excluded from the analysis. Of 39
randomized infants, 2 infants had an exclusion criterion described in the pro-
tocol of the study, i.e., proven sepsis (one in the treatment group, one in the
control group). The third infant (treatment group) died of massive intracranial
hemorrhage at 24 hours of life. Thus, after removing two infants who met crite-
ria for exclusion, the number of patients randomized to furosemide was 20 and
the number of patients in the control group was 17.
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Methods Blinding of randomization: yes. Randomization was done by computer. 
Blinding of intervention: yes. Theophylline or placebo was prepared by a doctor from the neonatology
section, not involved in patient care, using syringes with identical appearance. 
Complete follow-up: yes. 
Blindness of outcome: yes. 
The medical and nursing staN were blinded to the patient assignment.

Participants Of 54 eligible patients, 50 were entered into the study and randomly allocated to placebo or to theo-
phylline. 
Entry criteria: Inborn preterm neonates <= 32 weeks gestational age, RDS within 6 hours of life, needing
mechanical ventilation or nasal continuous positive airway pressure. 
Exclusion criteria: kidney and/or urinary tract congenital abnormalities, congenital heart defects, pre-
natal exposure to inhibitors of angiotensin converting enzyme or non-steroidal anti-inflammatory
drugs (NSAIDs), and chromosomal disorders or multiple malformations. 
Patients assigned to placebo (n=25) had an average gestational age of 28.7±1.6 weeks and a birth-
weight of 1157±354 g. Patients assigned to theophylline (n=25) had an average gestational age of
28.7±2.0 weeks and an average birthweight of 1192±378 g.

Interventions Patients in the treatment group were allocated to receive i.v. theophylline 1 mg/kg daily; controls were
allocated to receive an equal volume of placebo (5% dextrose in water) for three days. The first dose
was given soon after it had been confirmed that inclusion criteria had been met.

Outcomes Death, BPD, Death or BPD, PDA, IVH, severe IVH, oligoanuria (urine output <1 ml per kg per hour) , serial
measurements of urine output, serial serum creatinine values, blood urea nitrogen, hyponatremia, hy-
perkalemia, periventricular leukomalacia, retinopathy of prematurity, necrotizing enterocolitis, length
of stay.

Notes Several infants received other medications that could affect outcomes of interest in this review. Eight
infants in the theophylline group and twelve in the control group received furosemide, 21 in each group
received dopamine, nine in the theophylline group and twelve controls received dobutamine, six in the
theophylline group and four controls received ibuprofen, one control received indomethacin, and eight
in the theophylline group and nine controls received caffeine.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was done by computer

Allocation concealment
(selection bias)

Low risk Blinding of randomization: yes

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Blinding of intervention: yes. Theophylline or placebo was prepared by a doc-
tor from the neonatology section, not involved in patient care, using syringes
with identical appearance.

Blindness of outcome: yes. The medical and nursing staN were blinded to the
patient assignment.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up: yes

Cattarelli 2006 

 
 

Methods Blinding of randomization: yes. Randomization was done by computer. 
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Blinding of intervention: yes. Diuretic solutions were prepared in the pharmacy and were only identi-
fied by patient name and number. 
Complete follow-up: no. Of 128 infants with RDS, 27 were ineligible either because they were older
than 72 hours or had already received a diuretics. Of 101 enrolled patients, 2 were dropped from the
study, one because of coarctation of the aorta and the other because of inaudible heart sounds sec-
ondary to severe lung disease. Most information is available only in 66 of the randomized patients, i.e.,
those who effectively received diuretics (33 furosemide and 33 chlorothiazide). Thus, intention-to-treat
analysis is not possible. 
Blinding of outcome: yes 
Parallel design 
Washout period: adequate. Only patients who never received diuretics previously were eligible to the
study.

Participants Total number of patients entered into the study: 99 
Entry criteria: Birthweight < 2,500 g, RDS, mechanical ventilation, postnatal age < 72 hours. 
Exclusion criteria: previous diuretic treatment, known or suspected cardiac or renal disease. 
Patients were entered into the study between December 1979 and June 1981, at which time 99 infants
had completed the study. The exact number of patients enrolled in each group is not provided. Patients
who did not receive diuretics had an average gestational age of 31.4±2.4 weeks and a birthweight of
1668±484 g. Their mean airway pressure, 11.8±4.3 cm H2O, was lower than in those who received di-
uretics, 15.0±4.7 cm H2O (p<0.001). 
Among patients who received diuretics, average gestational ages were 30.3±2.8 weeks in the
furosemide group and 30.8±2.8 weeks in the thiazide group. Average birthweights were 1481±471 g and
1532±500 g, respectively. The mean ages at the time of administration of the first dose of diuretic were,
respectively, 2.8±1.0 and 2.9±1.4 days. Mean airway pressure (15 cm HO) was similar in the two groups. 
In patients showing no pulmonary improvement, clinical PDA was treated with diuretics and surgical
ligation; indomethacin was not used. Fluid intake was restricted to 60-80 ml/kg/day in intubated pa-
tients. Patients were treated in servo-controlled isolettes. 
Patients remained in the study until extubation, ductal ligation or 14 days of age, whichever came first.

Interventions PRN furosemide vs PRN chlorothiazide. 
Patients were randomly allocated to the furosemide group or the thiazide group. The numbers by
group at randomization are not given by the authors. Criteria for diuretic administration were not rigid-
ly defined in the protocol. Beginning on the second to fourth day of life, a diuretic was usually pre-
scribed by the attending neonatologist if the patient had not initiated spontaneous diuresis (urine out-
put > fluid intake for at least 8 hours) and was not showing satisfactory pulmonary improvement. In ad-
dition, patients with clinical evidence of PDA and lack of pulmonary improvement received diuretics as
indicated. 
Diuretic solutions were prepared in the pharmacy in vials identified only by patient and number. Con-
centrations of furosemide (1 mg/ml) and chlorothiazide (20 mg/ml) were based on furosemide-to-
chlorothiazide equivalency. 
In most circumstances, the dosage administered was 1 ml/kg/dose. Twenty of 33 furosemide-treated
patients received multiple doses, and 21 of 33 chlorothiazide-treated patients received multiple doses.
The average total volume of diuretic solution received was 3.8±4.3 ml/kg in the furosemide group and
4.8±3.5 ml/kg in the thiazide group.

Outcomes Major outcome variable: PDA (NEJM), survival (J Pediatr). 
Other outcome variables: incidence of ductal ligation, urinary prostaglandin E excretion after diuret-
ic administration, incidence of IVH, duration of mechanical ventilation. Among the 33 patients who did
not receive diuretics, 6 died, 10 developed a PDA, and 3 developed an intraventricular hemorrhage. 
Other outcomes are provided only in the 66 patients who were prescribed diuretics, i.e., 33 patients in
each group. Eight patients died in the furosemide group and 13 in the thiazide group. 
A murmur characteristic of PDA was observed in 22 patients in the furosemide group and 13 in the con-
trol group (p<0.05). During the study, 18 patients developed clinical findings of a PDA in the furosemide
group and 8 in the thiazide group (p<0.05). Of those, 11 and 7, respectively, underwent surgical ligation.
In addition, 6 patients in the furosemide group were later found to have a PDA; thus, the total number
of patients developing a PDA during the initial hospital stay was 24 in the furosemide group and 8 in
the thiazide group. Weight loss (% of body weight) was greater in furosemide-treated patients than in
thiazide-treated patients on days 4 and 5. Urinary excretion of prostaglandin E slightly and transient-
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ly increased in both groups after diuretic administration on the first day. However, furosemide but not
chlorothiazide administration after day 5 doubled urinary excretion of prostaglandin E2. 
Thirteen developed an IVH in the furosemide group, compared with 11 in the thiazide group. Among
survivors, duration of mechanical ventilation was 10.5±10.3 days and 7.3±4.6 days, respectively (NS).

Notes The study was designed as (1) a sequential analysis of PDA scores in pairs of furosemide-treated and
chlorothiazide-treated patients (NEJM) and (2) multivariate analysis of factors associated with survival
(J Pediatr). 
Multivariate analysis showed that better survival was related to increasing birthweight, lower ini-
tial mean airway pressure, lack of IVH and furosemide usage. PDA was related to birthweight and
furosemide usage. IVH was related to low birthweight but not to furosemide. 
The routes of administration of furosemide and chlorothiazide are not mentioned in the manuscript.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was done by computer

Allocation concealment
(selection bias)

Low risk Blinding of randomization: yes

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Blinding of intervention: yes. Diuretic solutions were prepared in the pharma-
cy and were only identified by patient name and number. 
Blinding of outcome: yes

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Complete follow-up: no. Of 128 infants with RDS, 27 were ineligible either be-
cause they were older than 72 hours or had already received a diuretics. Of 101
enrolled patients, 2 were dropped from the study, one because of coarctation
of the aorta and the other because of inaudible heart sounds secondary to se-
vere lung disease. Most information is available only in 66 of the randomized
patients, i.e., those who effectively received diuretics (33 furosemide and 33
chlorothiazide).

Green 1983  (Continued)

 
 

Methods Blinding of randomization: yes. Method of randomization is not provided. 
Blinding of intervention: yes. Furosemide and placebo was dispensed in numbered vials. 
Complete follow-up: yes 
Blinding of outcome: yes 
Parallel design 
Washout period: yes. No patient had received diuretics before entering into the study.

Participants Total number of patients entered into the study: 69 
Entry criteria: birthweight < 2,500 g, clinical diagnosis of RDS with radiographic confirmation, need for
mechanical ventilation, postnatal age < 30 hours 
Exclusion criteria: previous diuretic treatment, known or suspected cardiac or renal disease 
Thirty-five patients were randomized to furosemide prophylaxis and thirty-four to the control group.
Gestational ages were 31.5±2.3 weeks in the treatment group and 31.3±2.3 weeks in the control group.
Mean birthweights were 1.66±0.41 kg and 1.63±0.45 kg, respectively. Patients in the furosemide group
received the first dose of furosemide at 24 hours (maximum 30 hours for outpatients) of life. Both
groups had similar Apgar scores at 1 and 5 minutes, mean airway pressure, alveolar-arterial O2 gradi-
ent and cardiovascular stability index. Nevertheless, the rate of colloid infusion at 18-24 hours of life,
i.e. at or before the time of entry into the study, tended to be higher in the furosemide group than in
the control group (6.3±9.5 ml/kg/hour vs 3.8±6.0 ml/kg/hour). Fluid intake (crystalloids) was 60-80 ml/
kg/day initially and maintained at 80-100 ml/kg/day during mechanical ventilation. Patients with hy-
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potension or poor peripheral perfusion received 5-10 ml/kg colloids followed if needed by dobutamine
or dopamine. Patients were treated in radiant warmers until completion of initial stabilization and pro-
cedures, and then in incubators. 
Patients remained in the study until day 7.

Interventions Prophylactic and PRN furosemide vs PRN furosemide 
Patients were randomly allocated to the prophylactic furosemide group (n=35) or to the control group
(n=34). Patients in the prophylactic furosemide group received four doses of 1 m/kg of furosemide
every 12 hours starting at 24 hours of life (maximum 30 hours for outpatients) with additional PRN dos-
es of furosemide. Patients in the control group received similar doses of placebo (0.9% saline); in addi-
tion, they received PRN doses of furosemide. Indications for PRN doses included (1) edema or oliguria
(<1 ml/kg/hour for 2-3 hours) in the presence of poor or deteriorating pulmonary function or (2) con-
gestive heart failure defined as cardiomegaly on chest radiography, with hepatosplenomegaly or pe-
ripheral edema. 
However, the total dose of furosemide administered during the first 3 days of life was significantly
greater in the treatment group than in the control group (4.8±1.4 mg/kg vs 1.5±1.7 mg/kg, p<0.001). The
dose of furosemide prescribed afterwards was similar in the two groups.

Outcomes Major outcome: mean airway pressure on day 7, incidence of hemodynamic instability, requirement for
inotropic therapy, hypovolemia, mortality. 
Other outcomes: PRN furosemide administration, incidence of PDA, urine output, plasma volume
(Evans blue distribution volume) at 48 and 96 hours, IVH. 
Three patients died in each group. Eleven of 35 patients in the treatment group received additional
PRN furosemide during the first 3 days of life, compared with 21 of 34 in the control group (p<0.05). 
Mean airway pressure and alveolar-arterial pressure gradient were similar in both groups at 5 and 7
days of age. 
Cardiovascular stability index worsened during the study in the furosemide group but not in the con-
trol group. Patients in the furosemide group had higher heart rate and required a higher rate of dobuta-
mine administration than those in the control group. The incidence of PDA was as follows: In the treat-
ment group, 14 patients had a clinically significant PDA, 8 received indomethacin and 3 underwent sur-
gical ligation. In the control group, 8 developed a significant PDA, 5 received indomethacin and one un-
derwent surgical ligation. 
Patients in the furosemide group had higher urine output than controls. At 96 hours of life, patients
in the furosemide group had a greater % loss from birthweight than controls (9.9±7.2% vs 6.0±7.7%,
respectively, p<0.05). In both groups, the amount of colloids effectively administered decreased from
6 ml/kg/hour at 12 hours of life to 2 ml/kg/hour at 96 hours. Patients in the furosemide group had
less increase in plasma volume between 48 hours and 96 hours of life than those in the control group
(7.8±12.0 vs 0.1±10.7 ml/kg, p<0.02). 
Median grade of IVH was 1 (range 0-4) in the treatment group and 0 (range 0-4) in the control group.

Notes The study design included sequential analysis of mean airway pressure on day 7. The study was termi-
nated after enrolling 50 patients, because an interim analysis showed a strong suggestion of adverse
cardiovascular effects in the treatment group.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of randomization is not provided

Allocation concealment
(selection bias)

Low risk Blinding of randomization: yes

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Blinding of intervention: yes. Furosemide and placebo was dispensed in num-
bered vials. Blinding of outcome: yes

Incomplete outcome data
(attrition bias) 

Low risk Complete follow-up: yes

Green 1988  (Continued)
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All outcomes
Green 1988  (Continued)

 
 

Methods Blinding of randomization: yes. Randomization was done using a random sampling of numbers. 
Blinding of intervention: yes. Drug and placebo were drawn up in the pharmacy and administered
without the knowledge of the investigators. 
Complete follow-up: yes 
Blinding of outcome: yes 
Parallel design 
Washout period: no patients received diuretics before entering the study.

Participants Total number of patients entered into the study: 12 
Entry criteria: RDS, postnatal age < 72 hours, peripheral edema, FiO2 > 0.4 to maintain pO2 > 50 torr. 
Exclusion criteria: not documented 
Seven infants were randomized to furosemide and 5 to placebo. Mean gestational ages were 32.1±2.5
weeks in the furosemide group and 34.8±1.2 weeks in the control group (p<0.05). Mean birthweights
were significantly lower in the furosemide group, 1,707±485 g, than in the control group, 2,286±418 g
(p<0.05). Postnatal ages were 31±9 hours and 36±14 hours, respectively. Patients in the furosemide
group had a lower initial FiO2 than those in the control group (0.49±0.01, vs. 0.61±0.02, respectively,
p<0.05). In each group, 4 patients received continuous positive airway pressure (CPAP) and 1 received
mechanical ventilation. Blood gases were similar in the 2 groups before treatment. 
The protocol specified indications to start CPAP and mechanical ventilation, and progressive increase
in fluid intake from the first to the third day (65, 80 and 100 ml/kg/day on the first, second and third
day, respectively). Patients in the furosemide group received 81±9 ml/kg/day, compared with 71±12 ml/
kg/day in the control group. Ventilatory settings and FiO2 were not modified during the study. 
The study lasted from the time of baseline observation until 6 hours after drug administration.

Interventions Single dose of furosemide vs placebo 
Patients were randomized to receive either a single dose of 2 mg/kg of furosemide intravenously (n=7),
or placebo (5% glucose in 0.225% sodium chloride, n=5).

Outcomes Blood gases, urine output, echographic measurement of the PDA. 
There was no significant different difference in blood pO2, pCO2 and pH between the two groups after
treatment. 
Echocardiographic measurements were not different between the two groups (data not provided in
the manuscript). 
Patients in the furosemide group but not those in the control group developed after treatment an in-
crease in urine output, natriuresis and calciuria. One patient in the furosemide group developed acute
hypovolemia (hypotension, metabolic acidosis and a rise in hematocrit), which was treated with col-
loid administration.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was done using a random sampling of numbers

Allocation concealment
(selection bias)

Low risk Blinding of randomization: yes

Blinding (performance
bias and detection bias) 

Low risk Blinding of intervention: yes. Drug and placebo were drawn up in the pharma-
cy and administered without the knowledge of the investigators. 

Marks 1978 
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All outcomes Blinding of outcome: yes

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up: yes

Marks 1978  (Continued)

 
 

Methods Blinding of randomization: not documented. The method of randomization is not provided. 
Blinding of intervention: no. Control patients did not receive a placebo. 
Complete follow-up: yes 
Blinding of outcome: not documented 
Parallel design 
Washout period: no patient received diuretic before entering the study.

Participants Total number of patients entered into the study: 20 
Entry criteria: RDS 
Exclusion criteria: not documented 
Seven infants were randomized to furosemide and 13 to the control group. Mean gestational ages were
31.7±3.4 weeks in the furosemide group and 31.8±2.6 weeks in the control group. Mean birthweights
were 1830±97 g and 1616±420 g, respectively. The first dose of diuretics was given at 2 hours of life.
Patients in the furosemide group had more severe RDS than those in the control group. Positive pres-
sure was required in 5 of 7 infants in the furosemide group (2 on mechanical ventilation and 3 on CPAP)
and 3 of 13 patients in the control group (all on mechanical ventilation) (p = 0.062). Five of 7 patients in
the furosemide group required Na bicarbonate to correct metabolic acidosis, compared with none in
the control group (p<0.001). Fluid intake was similar in the 2 groups: 51 ml/kg/day (range 29-79) in the
furosemide group and 48 ml/kg/day (range 35-61) in the control group. Average calcium intake in the
furosemide group was three times as high as in the control group. 
Patients were followed during the first 24 hours of life.

Interventions Three doses of furosemide vs control 
Patients were randomly assigned to either receive 3 doses of 1.5 mg/kg of furosemide intravenously,
one each at 2, 6 and 12 hours of age (n=7), or no treatment (n=13).

Outcomes Outcome variables included blood gas analyses, mortality and fluid balance. No information is provid-
ed on mean airway pressure, duration of mechanical ventilation or O2 administration. 
Four patients died in the furosemide group, and 2 in the control group. At 6 hours of life, arterial blood
pO2 in 100% O2 was 163±66 mm Hg (n=7) in the furosemide group, compared with 215±55 mm Hg
(n=11) in the control group (NS). 
Patients in the furosemide group had significantly higher urine output, natriuresis and calciuria than
those in the control group. No patient developed renal failure. The 2 patients in the furosemide group
who did not receive sodium and calcium supplements had higher natriuresis and calciuria than pa-
tients in the control group. Blood pO2 and pCO2 did not change significantly in the treatment group af-
ter furosemide administration.

Notes Values of blood PO2 and PCO2 before and after treatment are provided in the furosemide group but no
comparable data are provided in the control group.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The method of randomization is not provided

Savage 1975 
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Allocation concealment
(selection bias)

Unclear risk Blinding of randomization: not documented

Blinding (performance
bias and detection bias) 
All outcomes

High risk Blinding of intervention: no. Control patients did not receive a placebo. Blind-
ing of outcome: not documented

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up: yes

Savage 1975  (Continued)

 
 

Methods Blinding of randomization: yes. Sixty envelopes were prepared and kept under the control of an inde-
pendent observer. 
Blinding of intervention: unclear. Control patients were treated similarly to experimental patients but
did not receive furosemide. The authors do not mention whether control patients received a placebo. 
Complete follow-up: no. Sixty patients were randomized. Four patients were excluded from the study
before analysis: 2 patients (one in each group) with group B streptococcus sepsis, and 2 patients in the
control group who died within 24 hours after birth with IVH and seizures. 
Blinding of outcome: not documented 
Parallel design 
Washout period: not documented

Participants Total number of patients entered into the study: 60 
Entry criteria: Birthweight maximum 2000 g, clinical and radiologic evidence of RDS, mechanical venti-
lation within 4 hours of age, normal blood pressure and good peripheral capillary filling. 
Exclusion criteria: not defined in the protocol. 
Final analysis included 29 patients randomized to furosemide and 27 randomized to the control group.
Average gestational ages were 30.5±2.6 weeks in the furosemide group and 30.7±1.9 weeks in the con-
trol group. Birth weights were 1257±343 g and 1277±286 g, respectively. Postnatal ages at study entry
were 7.3±3.5 hours and 7.0±3.5 hours, respectively. Mean airway pressure, FiO2 and alveolar-arterial O2
gradient were similar in both groups. 
Fluid intake increased daily from 80 ml/kg/day on the first day to 150 ml/kg/day on the fiEh day, with
an additional 20 ml/kg/day for patients on phototherapy. Fluid intake was similar in the 2 groups. Pa-
tients were treated in servocontrolled incubators. 
All parameters were followed for 72 hours after study entry. In addition, patients were assessed clini-
cally for PDA until discharge from the hospital.

Interventions Three doses of furosemide vs control. 
Patients were randomly assigned to receive either 3 doses of 1 mg/kg of furosemide intravenously at
approximately 24-hour intervals (n=30), or no furosemide (n=30).

Outcomes Major outcome: failure to extubate at 72 hours 
Other outcomes: incidence of BPD (defined as respiratory distress with radiographic changes of at
least stage 3 from Northway classification), incidence of clinical PDA, incidence of IVH, mean airway
pressure, FiO2. 
Five of 29 patients in the furosemide group died (6 of the original 30), compared with 4 of 27 in the
control group (7 of the original 30). Sixteen of 29 patients in the furosemide group and 23 in the con-
trol group failed extubation within 72 hours after initiation of the study. Mean airway pressure at the
end of the study was significantly lower in the furosemide group than in the control group, but FiO2
and alveolar-arterial gradient were similar. Clinical diagnosis of PDA was made in 10 of 29 patients
in the furosemide group and 12 of 27 in the control group. BPD developed in 9 of 29 patients in the
furosemide group and 9 of 27 patients in the control group. Duration of O2 therapy, time to regain
weight and duration of hospitalization were not significantly different between the 2 groups. 
IVH was observed in 7 of 29 patients in the furosemide group (7 of the 30 initially enrolled patients) and
8 of 27 (10 of the 30 initially enrolled patients) in the control group. During the study, patients in the
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furosemide group had higher urine output, fractional excretions of sodium and chloride but not potas-
sium than those in the control group. At the end of the study, patients in the furosemide group had lost
a higher percentage of body weight than those in the control group.

Notes No echographic results are presented. Treatment for PDA is not documented.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Sixty envelopes were prepared and kept under the control of an independent
observer.

Allocation concealment
(selection bias)

Low risk Blinding of randomization: yes

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Blinding of intervention: unclear. Control patients were treated similarly to ex-
perimental patients but did not receive furosemide. The authors do not men-
tion whether control patients received a placebo. Blinding of outcome: not
documented

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Complete follow-up: no. Sixty patients were randomized. Four patients were
excluded from the study before analysis: 2 patients (one in each group) with
group B streptococcus sepsis, and 2 patients in the control group who died
within 24 hours after birth with IVH and seizures.

Yeh 1984  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Durand 1987 Respiratory distress syndrome was not listed as inclusion criterion

GraN 1985 Not a controlled study

Green 1981 Retrospective study

Greenough 1985 Enrollment criteria included infants less than 10 days of age

Hegyi 1986 Respiratory distress syndrome was not listed as inclusion criterion

Laubscher 1998 Respiratory distress syndrome was not listed as inclusion criterion

Moylan 1975 Not a randomized study

Tulassay 1986 Not a randomized study

Yeh 1985 No assessment of any of the major outcome variables selected for this systematic review

Zanardo 1995 Enrollment criteria included either apnea or respiratory distress syndrome
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D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Routine diuretic administration versus placebo, no treatment or PRN diuretic administration

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

Statistical method Effect size

1 Death 6   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

1.1 All 6 248 Risk Ratio (M-H, Fixed, 95% CI) 1.35 [0.71, 2.56]

1.2 Postnatal age < 24 hours 4 167 Risk Ratio (M-H, Fixed, 95% CI) 1.47 [0.72, 2.97]

1.3 Postnatal age at least 24
hours

2 81 Risk Ratio (M-H, Fixed, 95% CI) 0.97 [0.21, 4.48]

1.4 Loop diuretics 5 198 Risk Ratio (M-H, Fixed, 95% CI) 1.30 [0.67, 2.52]

1.5 Theophylline 1 50 Risk Ratio (M-H, Fixed, 95% CI) 2.0 [0.19, 20.67]

1.6 Sensitivity 5 228 Risk Ratio (M-H, Fixed, 95% CI) 1.07 [0.51, 2.24]

2 Clinically significant PDA 4   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 All 4 208 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.72, 1.71]

2.2 Postnatal age < 24 hours 3 139 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.50, 1.48]

2.3 Postnatal age at least 24
hours

1 69 Risk Ratio (M-H, Fixed, 95% CI) 1.7 [0.82, 3.53]

2.4 Loop diuretics 3 161 Risk Ratio (M-H, Fixed, 95% CI) 1.08 [0.67, 1.73]

2.5 Theophylline 1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.25 [0.44, 3.54]

3 Hypovolemic shock 1 12 Risk Ratio (M-H, Fixed, 95% CI) 4.0 [0.20, 82.01]

3.1 Postnatal age at least 24
hours

1 12 Risk Ratio (M-H, Fixed, 95% CI) 4.0 [0.20, 82.01]

4 Change in plasma volume
(ml/kg) from 48 to 96 hours of
life

1 69 Mean Difference (IV, Fixed, 95% CI) -7.7 [-11.74, -3.66]

4.1 Postnatal age at least 24
hours

1 69 Mean Difference (IV, Fixed, 95% CI) -7.7 [-11.74, -3.66]

5 Change in cardiovascular
stability index from 48 to 96
hours of life

1 69 Mean Difference (IV, Fixed, 95% CI) 0.77 [-0.14, 1.68]

5.1 Postnatal age at least 24
hours

1 69 Mean Difference (IV, Fixed, 95% CI) 0.77 [-0.14, 1.68]

6 Dobutamine infusion rate
(micrograms/kg/min) at the
end of treatment

1 69 Mean Difference (IV, Fixed, 95% CI) 3.10 [-0.62, 6.82]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6.1 Postnatal age at least 24
hours

1 69 Mean Difference (IV, Fixed, 95% CI) 3.10 [-0.62, 6.82]

7 Dopamine infusion rate (mi-
crograms/kg/min) at the end
of treatment

1 69 Mean Difference (IV, Fixed, 95% CI) 2.41 [-0.07, 4.89]

7.1 Postnatal age at least 24
hours

1 69 Mean Difference (IV, Fixed, 95% CI) 2.41 [-0.07, 4.89]

8 Change in colloid infusion
rate (ml/kg/hour) at the end of
treatment

1 69 Mean Difference (IV, Fixed, 95% CI) -0.86 [-4.30, 2.58]

8.1 Postnatal age at least 24
hours

1 69 Mean Difference (IV, Fixed, 95% CI) -0.86 [-4.30, 2.58]

9 Failure to extubate within 3
days after study entry

1 56 Risk Ratio (M-H, Fixed, 95% CI) 0.65 [0.45, 0.93]

9.1 Postnatal age < 24 hours 1 56 Risk Ratio (M-H, Fixed, 95% CI) 0.65 [0.45, 0.93]

10 Change in peak inspirato-
ry pressure (cm H2O) during
treatment

1 36 Mean Difference (IV, Fixed, 95% CI) -6.62 [-14.74, 1.50]

10.1 Postnatal age < 24 hours 1 36 Mean Difference (IV, Fixed, 95% CI) -6.62 [-14.74, 1.50]

11 Change in mean airway
pressure (cm H2O) during
treatment

2 125 Mean Difference (IV, Fixed, 95% CI) -1.16 [-2.42, 0.09]

11.1 Postnatal age < 24 hours 1 56 Mean Difference (IV, Fixed, 95% CI) -1.30 [-2.81, 0.21]

11.2 Postnatal age at least 24
hours

1 69 Mean Difference (IV, Fixed, 95% CI) -0.85 [-3.11, 1.41]

12 Duration of mechanical
ventilation (days)

2 105 Mean Difference (IV, Fixed, 95% CI) -2.83 [-4.49, -1.17]

12.1 Postnatal age < 24 hours 1 36 Mean Difference (IV, Fixed, 95% CI) -5.0 [-7.06, -2.94]

12.2 Postnatal age at least 24
hours

1 69 Mean Difference (IV, Fixed, 95% CI) 1.20 [-1.61, 4.01]

13 Change in FiO2 during
treatment

2 92 Mean Difference (IV, Fixed, 95% CI) -0.05 [-0.13, 0.03]

13.1 Postnatal age < 24 hours 2 92 Mean Difference (IV, Fixed, 95% CI) -0.05 [-0.13, 0.03]

14 Change in alveolar-arteri-
al O2 gradient (mm Hg) during
treatment

3 161 Mean Difference (IV, Fixed, 95% CI) -1.62 [-43.75, 40.51]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

14.1 Postnatal age < 24 hours 2 92 Mean Difference (IV, Fixed, 95% CI) -66.81 [-131.24,
-2.37]

14.2 Postnatal age at least 24
hours

1 69 Mean Difference (IV, Fixed, 95% CI) 47.06 [-8.62, 102.74]

15 BPD 3   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

15.1 All 3 139 Risk Ratio (M-H, Fixed, 95% CI) 0.81 [0.41, 1.59]

15.2 Postnatal age < 24 hours 3 139 Risk Ratio (M-H, Fixed, 95% CI) 0.81 [0.41, 1.59]

15.3 Loop diuretics 2 92 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.49, 2.10]

15.4 Theophylline 1 50 Risk Ratio (M-H, Fixed, 95% CI) 0.29 [0.04, 2.44]

16 Death or BPD 2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

16.1 All 2 87 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.32, 2.76]

16.2 Postnatal age <24 hours 2 87 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.32, 2.76]

16.3 Loop diuretics 1 37 Risk Ratio (M-H, Fixed, 95% CI) 2.55 [0.29, 22.31]

16.4 Theophylline 1 50 Risk Ratio (M-H, Fixed, 95% CI) 0.6 [0.16, 2.25]

17 Duration of oxygen supple-
mentation (days)

3 161 Mean Difference (IV, Fixed, 95% CI) -0.50 [-2.51, 1.50]

17.1 Postnatal age < 24 hours 2 92 Mean Difference (IV, Fixed, 95% CI) -0.22 [-2.40, 1.96]

17.2 Postnatal age at least 24
hours

1 69 Mean Difference (IV, Fixed, 95% CI) -2.10 [-7.28, 3.08]

18 IVH 3   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

18.1 All 3 127 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.40, 1.44]

18.2 Postnatal age < 24 hours 3 127 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.40, 1.44]

18.3 Loop diuretics 2 80 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.43, 1.88]

18.4 Theophylline 1 47 Risk Ratio (M-H, Fixed, 95% CI) 0.52 [0.15, 1.84]

18.5 Sensitivity 2 107 Risk Ratio (M-H, Fixed, 95% CI) 0.63 [0.32, 1.26]

19 Severe IVH (grade III or IV) 1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.07, 15.72]

19.1 All studies 1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.07, 15.72]

20 Duration of hospitalization
(days)

2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

20.1 All 2 103 Mean Difference (IV, Fixed, 95% CI) 2.43 [-10.71, 15.57]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

20.2 Postnatal age < 24 hours 2 103 Mean Difference (IV, Fixed, 95% CI) 2.43 [-10.71, 15.57]

20.3 Loop diuretics 1 56 Mean Difference (IV, Fixed, 95% CI) 6.60 [-16.38, 29.58]

20.4 Theophylline 1 47 Mean Difference (IV, Fixed, 95% CI) 0.40 [-15.62, 16.42]

21 Significant handicap at one
year (major neurologic defect
and/or MDI/PDI <50)

1 26 Risk Ratio (M-H, Fixed, 95% CI) 0.43 [0.09, 1.94]

21.1 Postnatal age < 24 hours 1 26 Risk Ratio (M-H, Fixed, 95% CI) 0.43 [0.09, 1.94]

22 Oligoanuria (urine output <
1 ml/kg/hour)

1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

22.1 All 1 47 Risk Ratio (M-H, Fixed, 95% CI) 0.13 [0.02, 0.96]

22.2 Theophylline 1 47 Risk Ratio (M-H, Fixed, 95% CI) 0.13 [0.02, 0.96]

23 Hyponatremia (sodium <
130 mM/L)

1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.16, 6.80]

23.1 All 1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.16, 6.80]

24 Hyperkalemia (potassium >
6.5 mM/L)

1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.57 [0.29, 8.53]

24.1 All 1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.57 [0.29, 8.53]

 
 

Analysis 1.1.   Comparison 1 Routine diuretic administration versus
placebo, no treatment or PRN diuretic administration, Outcome 1 Death.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.1.1 All  

Belik 1987 1/20 0/17 4.15% 2.57[0.11,59.3]

Cattarelli 2006 2/25 1/25 7.7% 2[0.19,20.67]

Green 1988 3/35 3/34 23.44% 0.97[0.21,4.48]

Marks 1978 0/7 0/5   Not estimable

Savage 1975 4/7 2/13 10.78% 3.71[0.89,15.48]

Yeh 1984 6/30 7/30 53.92% 0.86[0.33,2.25]

Subtotal (95% CI) 124 124 100% 1.35[0.71,2.56]

Total events: 16 (Treatment), 13 (Control)  

Heterogeneity: Tau2=0; Chi2=3.23, df=4(P=0.52); I2=0%  

Test for overall effect: Z=0.92(P=0.36)  

   

1.1.2 Postnatal age < 24 hours  

Belik 1987 1/20 0/17 5.42% 2.57[0.11,59.3]

Cattarelli 2006 2/25 1/25 10.06% 2[0.19,20.67]

Savage 1975 4/7 2/13 14.09% 3.71[0.89,15.48]

Favours Treatment 1000.01 100.1 1 Favours Control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Yeh 1984 6/30 7/30 70.43% 0.86[0.33,2.25]

Subtotal (95% CI) 82 85 100% 1.47[0.72,2.97]

Total events: 13 (Treatment), 10 (Control)  

Heterogeneity: Tau2=0; Chi2=3.01, df=3(P=0.39); I2=0.24%  

Test for overall effect: Z=1.06(P=0.29)  

   

1.1.3 Postnatal age at least 24 hours  

Green 1988 3/35 3/34 100% 0.97[0.21,4.48]

Marks 1978 0/7 0/5   Not estimable

Subtotal (95% CI) 42 39 100% 0.97[0.21,4.48]

Total events: 3 (Treatment), 3 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.04(P=0.97)  

   

1.1.4 Loop diuretics  

Belik 1987 1/20 0/17 4.49% 2.57[0.11,59.3]

Green 1988 3/35 3/34 25.4% 0.97[0.21,4.48]

Marks 1978 0/7 0/5   Not estimable

Savage 1975 4/7 2/13 11.68% 3.71[0.89,15.48]

Yeh 1984 6/30 7/30 58.42% 0.86[0.33,2.25]

Subtotal (95% CI) 99 99 100% 1.3[0.67,2.52]

Total events: 14 (Treatment), 12 (Control)  

Heterogeneity: Tau2=0; Chi2=3.11, df=3(P=0.37); I2=3.67%  

Test for overall effect: Z=0.77(P=0.44)  

   

1.1.5 Theophylline  

Cattarelli 2006 2/25 1/25 100% 2[0.19,20.67]

Subtotal (95% CI) 25 25 100% 2[0.19,20.67]

Total events: 2 (Treatment), 1 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.58(P=0.56)  

   

1.1.6 Sensitivity  

Belik 1987 1/20 0/17 4.65% 2.57[0.11,59.3]

Cattarelli 2006 2/25 1/25 8.63% 2[0.19,20.67]

Green 1988 3/35 3/34 26.28% 0.97[0.21,4.48]

Marks 1978 0/7 0/5   Not estimable

Yeh 1984 6/30 7/30 60.44% 0.86[0.33,2.25]

Subtotal (95% CI) 117 111 100% 1.07[0.51,2.24]

Total events: 12 (Treatment), 11 (Control)  

Heterogeneity: Tau2=0; Chi2=0.79, df=3(P=0.85); I2=0%  

Test for overall effect: Z=0.17(P=0.87)  

Favours Treatment 1000.01 100.1 1 Favours Control
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Analysis 1.2.   Comparison 1 Routine diuretic administration versus placebo, no
treatment or PRN diuretic administration, Outcome 2 Clinically significant PDA.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.2.1 All  

Belik 1987 0/19 1/17 5.84% 0.3[0.01,6.91]

Cattarelli 2006 6/23 5/24 18.11% 1.25[0.44,3.54]

Green 1988 14/35 8/34 30.04% 1.7[0.82,3.53]

Yeh 1984 10/29 12/27 46% 0.78[0.4,1.49]

Subtotal (95% CI) 106 102 100% 1.11[0.72,1.71]

Total events: 30 (Treatment), 26 (Control)  

Heterogeneity: Tau2=0; Chi2=3.18, df=3(P=0.36); I2=5.67%  

Test for overall effect: Z=0.48(P=0.63)  

   

1.2.2 Postnatal age < 24 hours  

Belik 1987 0/19 1/17 8.35% 0.3[0.01,6.91]

Cattarelli 2006 6/23 5/24 25.89% 1.25[0.44,3.54]

Yeh 1984 10/29 12/27 65.76% 0.78[0.4,1.49]

Subtotal (95% CI) 71 68 100% 0.86[0.5,1.48]

Total events: 16 (Treatment), 18 (Control)  

Heterogeneity: Tau2=0; Chi2=1.03, df=2(P=0.6); I2=0%  

Test for overall effect: Z=0.54(P=0.59)  

   

1.2.3 Postnatal age at least 24 hours  

Green 1988 14/35 8/34 100% 1.7[0.82,3.53]

Subtotal (95% CI) 35 34 100% 1.7[0.82,3.53]

Total events: 14 (Treatment), 8 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.43(P=0.15)  

   

1.2.4 Loop diuretics  

Belik 1987 0/19 1/17 7.14% 0.3[0.01,6.91]

Green 1988 14/35 8/34 36.68% 1.7[0.82,3.53]

Yeh 1984 10/29 12/27 56.18% 0.78[0.4,1.49]

Subtotal (95% CI) 83 78 100% 1.08[0.67,1.73]

Total events: 24 (Treatment), 21 (Control)  

Heterogeneity: Tau2=0; Chi2=3.11, df=2(P=0.21); I2=35.61%  

Test for overall effect: Z=0.32(P=0.75)  

   

1.2.5 Theophylline  

Cattarelli 2006 6/23 5/24 100% 1.25[0.44,3.54]

Subtotal (95% CI) 23 24 100% 1.25[0.44,3.54]

Total events: 6 (Treatment), 5 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.42(P=0.67)  

Favours Treatment 1000.01 100.1 1 Favours Control
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Analysis 1.3.   Comparison 1 Routine diuretic administration versus placebo,
no treatment or PRN diuretic administration, Outcome 3 Hypovolemic shock.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.3.1 Postnatal age at least 24 hours  

Marks 1978 1/5 0/7 100% 4[0.2,82.01]

Subtotal (95% CI) 5 7 100% 4[0.2,82.01]

Total events: 1 (Treatment), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.9(P=0.37)  

   

Total (95% CI) 5 7 100% 4[0.2,82.01]

Total events: 1 (Treatment), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.9(P=0.37)  

Favours Treatment 1000.01 100.1 1 Favours Control

 
 

Analysis 1.4.   Comparison 1 Routine diuretic administration versus placebo, no treatment or PRN
diuretic administration, Outcome 4 Change in plasma volume (ml/kg) from 48 to 96 hours of life.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.4.1 Postnatal age at least 24 hours  

Green 1988 35 0.1 (0.7) 34 7.8 (12) 100% -7.7[-11.74,-3.66]

Subtotal *** 35   34   100% -7.7[-11.74,-3.66]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.74(P=0)  

   

Total *** 35   34   100% -7.7[-11.74,-3.66]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.74(P=0)  

Favours Control 10050-100 -50 0 Favours Treatment

 
 

Analysis 1.5.   Comparison 1 Routine diuretic administration versus placebo, no treatment or PRN
diuretic administration, Outcome 5 Change in cardiovascular stability index from 48 to 96 hours of life.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.5.1 Postnatal age at least 24 hours  

Green 1988 35 0.7 (1.9) 34 -0.1 (2) 100% 0.77[-0.14,1.68]

Subtotal *** 35   34   100% 0.77[-0.14,1.68]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.66(P=0.1)  

   

Total *** 35   34   100% 0.77[-0.14,1.68]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.66(P=0.1)  

Favours Control 42-4 -2 0 Favours Treatment
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Analysis 1.6.   Comparison 1 Routine diuretic administration versus placebo, no treatment or PRN diuretic
administration, Outcome 6 Dobutamine infusion rate (micrograms/kg/min) at the end of treatment.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.6.1 Postnatal age at least 24 hours  

Green 1988 35 7.1 (9.3) 34 4 (6.3) 100% 3.1[-0.62,6.82]

Subtotal *** 35   34   100% 3.1[-0.62,6.82]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.63(P=0.1)  

   

Total *** 35   34   100% 3.1[-0.62,6.82]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.63(P=0.1)  

Favours Treatment 105-10 -5 0 Favours Control

 
 

Analysis 1.7.   Comparison 1 Routine diuretic administration versus placebo, no treatment or PRN diuretic
administration, Outcome 7 Dopamine infusion rate (micrograms/kg/min) at the end of treatment.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.7.1 Postnatal age at least 24 hours  

Green 1988 35 5.6 (6.3) 34 3.2 (3.9) 100% 2.41[-0.07,4.89]

Subtotal *** 35   34   100% 2.41[-0.07,4.89]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.91(P=0.06)  

   

Total *** 35   34   100% 2.41[-0.07,4.89]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.91(P=0.06)  

Favours Treatment 105-10 -5 0 Favours Control

 
 

Analysis 1.8.   Comparison 1 Routine diuretic administration versus placebo, no treatment or PRN
diuretic administration, Outcome 8 Change in colloid infusion rate (ml/kg/hour) at the end of treatment.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.8.1 Postnatal age at least 24 hours  

Green 1988 35 -3 (8.9) 34 -2.1 (5.3) 100% -0.86[-4.3,2.58]

Subtotal *** 35   34   100% -0.86[-4.3,2.58]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.49(P=0.62)  

   

Total *** 35   34   100% -0.86[-4.3,2.58]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.49(P=0.62)  

Favours Treatment 105-10 -5 0 Favours Control
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Analysis 1.9.   Comparison 1 Routine diuretic administration versus placebo, no treatment or
PRN diuretic administration, Outcome 9 Failure to extubate within 3 days aMer study entry.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.9.1 Postnatal age < 24 hours  

Yeh 1984 16/29 23/27 100% 0.65[0.45,0.93]

Subtotal (95% CI) 29 27 100% 0.65[0.45,0.93]

Total events: 16 (Treatment), 23 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.34(P=0.02)  

   

Total (95% CI) 29 27 100% 0.65[0.45,0.93]

Total events: 16 (Treatment), 23 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.34(P=0.02)  

Favours Treatment 50.2 20.5 1 Favours Control

 
 

Analysis 1.10.   Comparison 1 Routine diuretic administration versus placebo, no treatment or PRN
diuretic administration, Outcome 10 Change in peak inspiratory pressure (cm H2O) during treatment.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.10.1 Postnatal age < 24 hours  

Belik 1987 19 -6.1 (12.1) 17 0.5 (12.7) 100% -6.62[-14.74,1.5]

Subtotal *** 19   17   100% -6.62[-14.74,1.5]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.6(P=0.11)  

   

Total *** 19   17   100% -6.62[-14.74,1.5]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.6(P=0.11)  

Favours Treatment 10050-100 -50 0 Favours Control

 
 

Analysis 1.11.   Comparison 1 Routine diuretic administration versus placebo, no treatment or PRN
diuretic administration, Outcome 11 Change in mean airway pressure (cm H2O) during treatment.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.11.1 Postnatal age < 24 hours  

Yeh 1984 29 -2.4 (3.5) 27 -1.1 (2.1) 69.25% -1.3[-2.81,0.21]

Subtotal *** 29   27   69.25% -1.3[-2.81,0.21]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.69(P=0.09)  

   

1.11.2 Postnatal age at least 24 hours  

Green 1988 35 -6.8 (5) 34 -6 (4.6) 30.75% -0.85[-3.11,1.41]

Favours Treatment 42-4 -2 0 Favours Control
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Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Subtotal *** 35   34   30.75% -0.85[-3.11,1.41]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.74(P=0.46)  

   

Total *** 64   61   100% -1.16[-2.42,0.09]

Heterogeneity: Tau2=0; Chi2=0.11, df=1(P=0.75); I2=0%  

Test for overall effect: Z=1.81(P=0.07)  

Test for subgroup differences: Chi2=0.11, df=1 (P=0.75), I2=0%  

Favours Treatment 42-4 -2 0 Favours Control

 
 

Analysis 1.12.   Comparison 1 Routine diuretic administration versus placebo, no treatment
or PRN diuretic administration, Outcome 12 Duration of mechanical ventilation (days).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.12.1 Postnatal age < 24 hours  

Belik 1987 19 7.1 (2) 17 12.1 (3.9) 64.97% -5[-7.06,-2.94]

Subtotal *** 19   17   64.97% -5[-7.06,-2.94]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.76(P<0.0001)  

   

1.12.2 Postnatal age at least 24 hours  

Green 1988 35 9.5 (7) 34 8.3 (4.7) 35.03% 1.2[-1.61,4.01]

Subtotal *** 35   34   35.03% 1.2[-1.61,4.01]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.84(P=0.4)  

   

Total *** 54   51   100% -2.83[-4.49,-1.17]

Heterogeneity: Tau2=0; Chi2=12.18, df=1(P=0); I2=91.79%  

Test for overall effect: Z=3.34(P=0)  

Test for subgroup differences: Chi2=12.18, df=1 (P=0), I2=91.79%  

Favours Treatment 105-10 -5 0 Favours Control

 
 

Analysis 1.13.   Comparison 1 Routine diuretic administration versus placebo, no
treatment or PRN diuretic administration, Outcome 13 Change in FiO2 during treatment.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.13.1 Postnatal age < 24 hours  

Belik 1987 19 -0.3 (0.2) 17 -0.2 (0.2) 52.51% -0.11[-0.22,0]

Yeh 1984 29 -0.2 (0.3) 27 -0.2 (0.2) 47.49% 0.02[-0.1,0.14]

Subtotal *** 48   44   100% -0.05[-0.13,0.03]

Heterogeneity: Tau2=0; Chi2=2.34, df=1(P=0.13); I2=57.31%  

Test for overall effect: Z=1.14(P=0.26)  

   

Total *** 48   44   100% -0.05[-0.13,0.03]

Heterogeneity: Tau2=0; Chi2=2.34, df=1(P=0.13); I2=57.31%  

Favours Treatment 0.50.25-0.5 -0.25 0 Favours Control
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Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=1.14(P=0.26)  

Favours Treatment 0.50.25-0.5 -0.25 0 Favours Control

 
 

Analysis 1.14.   Comparison 1 Routine diuretic administration versus placebo, no treatment or PRN
diuretic administration, Outcome 14 Change in alveolar-arterial O2 gradient (mm Hg) during treatment.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.14.1 Postnatal age < 24 hours  

Belik 1987 19 -198.9
(156.1)

17 -118.9
(137.9)

19.25% -80[-176.03,16.03]

Yeh 1984 29 -141 (178.4) 27 -85 (153.2) 23.5% -56[-142.91,30.91]

Subtotal *** 48   44   42.75% -66.81[-131.24,-2.37]

Heterogeneity: Tau2=0; Chi2=0.13, df=1(P=0.72); I2=0%  

Test for overall effect: Z=2.03(P=0.04)  

   

1.14.2 Postnatal age at least 24 hours  

Green 1988 35 -277.6
(105.3)

34 -324.7
(129.1)

57.25% 47.06[-8.62,102.74]

Subtotal *** 35   34   57.25% 47.06[-8.62,102.74]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.66(P=0.1)  

   

Total *** 83   78   100% -1.62[-43.75,40.51]

Heterogeneity: Tau2=0; Chi2=7, df=2(P=0.03); I2=71.42%  

Test for overall effect: Z=0.08(P=0.94)  

Test for subgroup differences: Chi2=6.87, df=1 (P=0.01), I2=85.44%  

Favours Treatment 1000500-1000 -500 0 Favours Control

 
 

Analysis 1.15.   Comparison 1 Routine diuretic administration versus
placebo, no treatment or PRN diuretic administration, Outcome 15 BPD.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.15.1 All  

Belik 1987 2/19 1/17 7.39% 1.79[0.18,18.02]

Cattarelli 2006 1/23 4/24 27.39% 0.26[0.03,2.16]

Yeh 1984 9/29 9/27 65.22% 0.93[0.44,1.99]

Subtotal (95% CI) 71 68 100% 0.81[0.41,1.59]

Total events: 12 (Treatment), 14 (Control)  

Heterogeneity: Tau2=0; Chi2=1.68, df=2(P=0.43); I2=0%  

Test for overall effect: Z=0.61(P=0.54)  

   

1.15.2 Postnatal age < 24 hours  

Belik 1987 2/19 1/17 7.39% 1.79[0.18,18.02]

Cattarelli 2006 1/23 4/24 27.39% 0.26[0.03,2.16]

Yeh 1984 9/29 9/27 65.22% 0.93[0.44,1.99]

Favours Treatment 1000.01 100.1 1 Favours Control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 71 68 100% 0.81[0.41,1.59]

Total events: 12 (Treatment), 14 (Control)  

Heterogeneity: Tau2=0; Chi2=1.68, df=2(P=0.43); I2=0%  

Test for overall effect: Z=0.61(P=0.54)  

   

1.15.3 Loop diuretics  

Belik 1987 2/19 1/17 10.17% 1.79[0.18,18.02]

Yeh 1984 9/29 9/27 89.83% 0.93[0.44,1.99]

Subtotal (95% CI) 48 44 100% 1.02[0.49,2.1]

Total events: 11 (Treatment), 10 (Control)  

Heterogeneity: Tau2=0; Chi2=0.28, df=1(P=0.6); I2=0%  

Test for overall effect: Z=0.05(P=0.96)  

   

1.15.4 Theophylline  

Cattarelli 2006 1/23 4/27 100% 0.29[0.04,2.44]

Subtotal (95% CI) 23 27 100% 0.29[0.04,2.44]

Total events: 1 (Treatment), 4 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.13(P=0.26)  

Favours Treatment 1000.01 100.1 1 Favours Control

 
 

Analysis 1.16.   Comparison 1 Routine diuretic administration versus placebo,
no treatment or PRN diuretic administration, Outcome 16 Death or BPD.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.16.1 All  

Belik 1987 3/20 1/17 17.78% 2.55[0.29,22.31]

Cattarelli 2006 3/25 5/25 82.22% 0.6[0.16,2.25]

Subtotal (95% CI) 45 42 100% 0.95[0.32,2.76]

Total events: 6 (Treatment), 6 (Control)  

Heterogeneity: Tau2=0; Chi2=1.26, df=1(P=0.26); I2=20.67%  

Test for overall effect: Z=0.1(P=0.92)  

   

1.16.2 Postnatal age <24 hours  

Belik 1987 3/20 1/17 17.78% 2.55[0.29,22.31]

Cattarelli 2006 3/25 5/25 82.22% 0.6[0.16,2.25]

Subtotal (95% CI) 45 42 100% 0.95[0.32,2.76]

Total events: 6 (Treatment), 6 (Control)  

Heterogeneity: Tau2=0; Chi2=1.26, df=1(P=0.26); I2=20.67%  

Test for overall effect: Z=0.1(P=0.92)  

   

1.16.3 Loop diuretics  

Belik 1987 3/20 1/17 100% 2.55[0.29,22.31]

Subtotal (95% CI) 20 17 100% 2.55[0.29,22.31]

Total events: 3 (Treatment), 1 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.85(P=0.4)  
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.16.4 Theophylline  

Cattarelli 2006 3/25 5/25 100% 0.6[0.16,2.25]

Subtotal (95% CI) 25 25 100% 0.6[0.16,2.25]

Total events: 3 (Treatment), 5 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.76(P=0.45)  

Favours Treatment 1000.01 100.1 1 Favours Control

 
 

Analysis 1.17.   Comparison 1 Routine diuretic administration versus placebo, no treatment
or PRN diuretic administration, Outcome 17 Duration of oxygen supplementation (days).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.17.1 Postnatal age < 24 hours  

Belik 1987 19 12.6 (3.4) 17 12.8 (3.3) 84.01% -0.2[-2.39,1.99]

Yeh 1984 29 34.2 (37.4) 27 36.3 (40.8) 0.95% -2.1[-22.65,18.45]

Subtotal *** 48   44   84.97% -0.22[-2.4,1.96]

Heterogeneity: Tau2=0; Chi2=0.03, df=1(P=0.86); I2=0%  

Test for overall effect: Z=0.2(P=0.84)  

   

1.17.2 Postnatal age at least 24 hours  

Green 1988 35 12.5 (8.7) 34 14.6 (12.8) 15.03% -2.1[-7.28,3.08]

Subtotal *** 35   34   15.03% -2.1[-7.28,3.08]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.79(P=0.43)  

   

Total *** 83   78   100% -0.5[-2.51,1.5]

Heterogeneity: Tau2=0; Chi2=0.46, df=2(P=0.79); I2=0%  

Test for overall effect: Z=0.49(P=0.62)  

Test for subgroup differences: Chi2=0.43, df=1 (P=0.51), I2=0%  

Favours Treatment 10050-100 -50 0 Favours Control

 
 

Analysis 1.18.   Comparison 1 Routine diuretic administration versus
placebo, no treatment or PRN diuretic administration, Outcome 18 IVH.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.18.1 All  

Cattarelli 2006 3/23 6/24 35.43% 0.52[0.15,1.84]

Savage 1975 2/7 1/13 4.22% 3.71[0.4,34.12]

Yeh 1984 7/30 10/30 60.34% 0.7[0.31,1.59]

Subtotal (95% CI) 60 67 100% 0.76[0.4,1.44]

Total events: 12 (Treatment), 17 (Control)  

Heterogeneity: Tau2=0; Chi2=2.35, df=2(P=0.31); I2=14.8%  

Test for overall effect: Z=0.83(P=0.41)  

   

1.18.2 Postnatal age < 24 hours  

Favours Treatment 1000.01 100.1 1 Favours Control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Cattarelli 2006 3/23 6/24 35.43% 0.52[0.15,1.84]

Savage 1975 2/7 1/13 4.22% 3.71[0.4,34.12]

Yeh 1984 7/30 10/30 60.34% 0.7[0.31,1.59]

Subtotal (95% CI) 60 67 100% 0.76[0.4,1.44]

Total events: 12 (Treatment), 17 (Control)  

Heterogeneity: Tau2=0; Chi2=2.35, df=2(P=0.31); I2=14.8%  

Test for overall effect: Z=0.83(P=0.41)  

   

1.18.3 Loop diuretics  

Savage 1975 2/7 1/13 6.54% 3.71[0.4,34.12]

Yeh 1984 7/30 10/30 93.46% 0.7[0.31,1.59]

Subtotal (95% CI) 37 43 100% 0.9[0.43,1.88]

Total events: 9 (Treatment), 11 (Control)  

Heterogeneity: Tau2=0; Chi2=1.93, df=1(P=0.17); I2=48.08%  

Test for overall effect: Z=0.29(P=0.77)  

   

1.18.4 Theophylline  

Cattarelli 2006 3/23 6/24 100% 0.52[0.15,1.84]

Subtotal (95% CI) 23 24 100% 0.52[0.15,1.84]

Total events: 3 (Treatment), 6 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.01(P=0.31)  

   

1.18.5 Sensitivity  

Cattarelli 2006 3/23 6/24 37% 0.52[0.15,1.84]

Yeh 1984 7/30 10/30 63% 0.7[0.31,1.59]

Subtotal (95% CI) 53 54 100% 0.63[0.32,1.26]

Total events: 10 (Treatment), 16 (Control)  

Heterogeneity: Tau2=0; Chi2=0.15, df=1(P=0.7); I2=0%  

Test for overall effect: Z=1.29(P=0.2)  

Favours Treatment 1000.01 100.1 1 Favours Control

 
 

Analysis 1.19.   Comparison 1 Routine diuretic administration versus placebo, no
treatment or PRN diuretic administration, Outcome 19 Severe IVH (grade III or IV).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.19.1 All studies  

Cattarelli 2006 1/23 1/24 100% 1.04[0.07,15.72]

Subtotal (95% CI) 23 24 100% 1.04[0.07,15.72]

Total events: 1 (Treatment), 1 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.98)  

   

Total (95% CI) 23 24 100% 1.04[0.07,15.72]

Total events: 1 (Treatment), 1 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.98)  

Favours treatment 1000.01 100.1 1 Favours control
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Analysis 1.20.   Comparison 1 Routine diuretic administration versus placebo, no
treatment or PRN diuretic administration, Outcome 20 Duration of hospitalization (days).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.20.1 All  

Cattarelli 2006 23 62.7 (29.9) 24 62.3 (25.9) 67.29% 0.4[-15.62,16.42]

Yeh 1984 29 71.4 (44.2) 27 64.8 (43.5) 32.71% 6.6[-16.38,29.58]

Subtotal *** 52   51   100% 2.43[-10.71,15.57]

Heterogeneity: Tau2=0; Chi2=0.19, df=1(P=0.66); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

   

1.20.2 Postnatal age < 24 hours  

Cattarelli 2006 23 62.7 (29.9) 24 62.3 (25.9) 67.29% 0.4[-15.62,16.42]

Yeh 1984 29 71.4 (44.2) 27 64.8 (43.5) 32.71% 6.6[-16.38,29.58]

Subtotal *** 52   51   100% 2.43[-10.71,15.57]

Heterogeneity: Tau2=0; Chi2=0.19, df=1(P=0.66); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

   

1.20.3 Loop diuretics  

Yeh 1984 29 71.4 (44.2) 27 64.8 (43.5) 100% 6.6[-16.38,29.58]

Subtotal *** 29   27   100% 6.6[-16.38,29.58]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.56(P=0.57)  

   

1.20.4 Theophylline  

Cattarelli 2006 23 62.7 (29.9) 24 62.3 (25.9) 100% 0.4[-15.62,16.42]

Subtotal *** 23   24   100% 0.4[-15.62,16.42]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.05(P=0.96)  

Test for subgroup differences: Chi2=0.19, df=1 (P=0.98), I2=0%  

Favours Treatment 10050-100 -50 0 Favours Control

 
 

Analysis 1.21.   Comparison 1 Routine diuretic administration versus placebo, no treatment or PRN diuretic
administration, Outcome 21 Significant handicap at one year (major neurologic defect and/or MDI/PDI <50).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.21.1 Postnatal age < 24 hours  

Yeh 1984 2/14 4/12 100% 0.43[0.09,1.94]

Subtotal (95% CI) 14 12 100% 0.43[0.09,1.94]

Total events: 2 (Treatment), 4 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.1(P=0.27)  

   

Total (95% CI) 14 12 100% 0.43[0.09,1.94]

Total events: 2 (Treatment), 4 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.1(P=0.27)  

Favours Treatment 1000.01 100.1 1 Favours Control
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Analysis 1.22.   Comparison 1 Routine diuretic administration versus placebo, no treatment
or PRN diuretic administration, Outcome 22 Oligoanuria (urine output < 1 ml/kg/hour).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.22.1 All  

Cattarelli 2006 1/23 8/24 100% 0.13[0.02,0.96]

Subtotal (95% CI) 23 24 100% 0.13[0.02,0.96]

Total events: 1 (Treatment), 8 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2(P=0.05)  

   

1.22.2 Theophylline  

Cattarelli 2006 1/23 8/24 100% 0.13[0.02,0.96]

Subtotal (95% CI) 23 24 100% 0.13[0.02,0.96]

Total events: 1 (Treatment), 8 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2(P=0.05)  

Favours treatment 1000.01 100.1 1 Favours control

 
 

Analysis 1.23.   Comparison 1 Routine diuretic administration versus placebo, no treatment
or PRN diuretic administration, Outcome 23 Hyponatremia (sodium < 130 mM/L).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.23.1 All  

Cattarelli 2006 2/23 2/24 100% 1.04[0.16,6.8]

Subtotal (95% CI) 23 24 100% 1.04[0.16,6.8]

Total events: 2 (Treatment), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.04(P=0.96)  

   

Total (95% CI) 23 24 100% 1.04[0.16,6.8]

Total events: 2 (Treatment), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.04(P=0.96)  

Favours treatment 100.1 50.2 20.5 1 Favours control

 
 

Analysis 1.24.   Comparison 1 Routine diuretic administration versus placebo, no treatment
or PRN diuretic administration, Outcome 24 Hyperkalemia (potassium > 6.5 mM/L).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.24.1 All  

Cattarelli 2006 3/23 2/24 100% 1.57[0.29,8.53]

Subtotal (95% CI) 23 24 100% 1.57[0.29,8.53]

Total events: 3 (Treatment), 2 (Control)  

Favours treatment 100.1 50.2 20.5 1 Favours control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=0.52(P=0.6)  

   

Total (95% CI) 23 24 100% 1.57[0.29,8.53]

Total events: 3 (Treatment), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.52(P=0.6)  

Favours treatment 100.1 50.2 20.5 1 Favours control

 
 

Comparison 2.   Routine diuretic administration versus placebo or no treatment

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

Statistical method Effect size

1 Death 5   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

1.1 All 5 179 Risk Ratio (M-H, Fixed, 95% CI) 1.47 [0.72, 2.97]

1.2 Postnatal age < 24 hours 4 167 Risk Ratio (M-H, Fixed, 95% CI) 1.47 [0.72, 2.97]

1.3 Postnatal age at least 24
hours

1 12 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

1.4 Loop diuretics 4 129 Risk Ratio (M-H, Fixed, 95% CI) 1.41 [0.67, 2.95]

1.5 Theophylline 1 50 Risk Ratio (M-H, Fixed, 95% CI) 2.0 [0.19, 20.67]

2 Clinically significant PDA 3   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 All 3 139 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.50, 1.48]

2.2 Postnatal age < 24 hours 3 139 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.50, 1.48]

2.3 Loop diuretics 2 92 Risk Ratio (M-H, Fixed, 95% CI) 0.72 [0.38, 1.38]

2.4 Theophylline 1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.25 [0.44, 3.54]

3 Hypovolemic shock 1 12 Risk Ratio (M-H, Fixed, 95% CI) 4.0 [0.20, 82.01]

3.1 Postnatal age at least 24
hours

1 12 Risk Ratio (M-H, Fixed, 95% CI) 4.0 [0.20, 82.01]

4 Failure to extubate within 3
days after study entry

1 56 Risk Ratio (M-H, Fixed, 95% CI) 0.65 [0.45, 0.93]

4.1 Postnatal age < 24 hours 1 56 Risk Ratio (M-H, Fixed, 95% CI) 0.65 [0.45, 0.93]

5 Change in peak inspirato-
ry pressure (cm H2O) during
treatment

1 36 Mean Difference (IV, Fixed, 95% CI) -6.62 [-14.74, 1.50]

5.1 Postnatal age < 24 hours 1 36 Mean Difference (IV, Fixed, 95% CI) -6.62 [-14.74, 1.50]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6 Change in mean airway
pressure (cm H2O) during
treatment

1 56 Mean Difference (IV, Fixed, 95% CI) -1.30 [-2.81, 0.21]

6.1 Postnatal age < 24 hours 1 56 Mean Difference (IV, Fixed, 95% CI) -1.30 [-2.81, 0.21]

7 Duration of mechanical
ventilation (days)

1 36 Mean Difference (IV, Fixed, 95% CI) -5.0 [-7.06, -2.94]

7.1 Postnatal age < 24 hours 1 36 Mean Difference (IV, Fixed, 95% CI) -5.0 [-7.06, -2.94]

8 Change in FiO2 during
treatment

2 92 Mean Difference (IV, Fixed, 95% CI) -0.05 [-0.13, 0.03]

8.1 Postnatal age < 24 hours 2 92 Mean Difference (IV, Fixed, 95% CI) -0.05 [-0.13, 0.03]

9 Change in alveolar-arterial
O2 gradient (mm Hg) during
treatment

2 92 Mean Difference (IV, Fixed, 95% CI) -66.81 [-131.24, -2.37]

9.1 Postnatal age < 24 hours 2 92 Mean Difference (IV, Fixed, 95% CI) -66.81 [-131.24, -2.37]

10 BPD 3   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

10.1 All 3 139 Risk Ratio (M-H, Fixed, 95% CI) 0.81 [0.41, 1.59]

10.2 Postnatal age < 24 hours 3 139 Risk Ratio (M-H, Fixed, 95% CI) 0.81 [0.41, 1.59]

10.3 Loop diuretics 2 92 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.49, 2.10]

10.4 Theophylline 1 47 Risk Ratio (M-H, Fixed, 95% CI) 0.26 [0.03, 2.16]

11 Death or BPD 2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

11.1 All 2 87 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.32, 2.76]

11.2 Postnatal age <24 hours 2 87 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.32, 2.76]

11.3 Loop diuretics 1 37 Risk Ratio (M-H, Fixed, 95% CI) 2.55 [0.29, 22.31]

11.4 Theophylline 1 50 Risk Ratio (M-H, Fixed, 95% CI) 0.6 [0.16, 2.25]

12 Duration of oxygen sup-
plementation (days)

2 92 Mean Difference (IV, Fixed, 95% CI) -0.22 [-2.40, 1.96]

12.1 Postnatal age < 24 hours 2 92 Mean Difference (IV, Fixed, 95% CI) -0.22 [-2.40, 1.96]

13 IVH 3   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

13.1 All 3 127 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.40, 1.44]

13.2 Postnatal age < 24 hours 3 127 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.40, 1.44]

13.3 Loop diuretics 2 80 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.43, 1.88]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

13.4 Theophylline 1 47 Risk Ratio (M-H, Fixed, 95% CI) 0.52 [0.15, 1.84]

14 Severe IVH (grade III or IV) 1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.07, 15.72]

14.1 All 1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.07, 15.72]

15 Duration of hospitaliza-
tion (days)

2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

15.1 All 2 103 Mean Difference (IV, Fixed, 95% CI) 2.43 [-10.71, 15.57]

15.2 Postnatal age < 24 hours 2 103 Mean Difference (IV, Fixed, 95% CI) 2.43 [-10.71, 15.57]

15.3 Loop diuretics 1 56 Mean Difference (IV, Fixed, 95% CI) 6.60 [-16.38, 29.58]

15.4 Theophylline 1 47 Mean Difference (IV, Fixed, 95% CI) 0.40 [-15.62, 16.42]

16 Significant handicap at
one year (major neurologic
defect and/or MDI/PDI <50)

1 26 Risk Ratio (M-H, Fixed, 95% CI) 0.43 [0.09, 1.94]

16.1 Postnatal age < 24 hours 1 26 Risk Ratio (M-H, Fixed, 95% CI) 0.43 [0.09, 1.94]

17 Oligoanuria (urine output
< 1 ml/kg/hour)

1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

17.1 All 1 47 Risk Ratio (M-H, Fixed, 95% CI) 0.13 [0.02, 0.96]

17.2 Theophylline 1 47 Risk Ratio (M-H, Fixed, 95% CI) 0.13 [0.02, 0.96]

18 Hyponatremia (sodium <
130 mM/L)

1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.16, 6.80]

18.1 All 1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.16, 6.80]

19 Hyperkalemia (potassium
> 6.5 mM/L)

1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.57 [0.29, 8.53]

19.1 All 1 47 Risk Ratio (M-H, Fixed, 95% CI) 1.57 [0.29, 8.53]

 
 

Analysis 2.1.   Comparison 2 Routine diuretic administration versus placebo or no treatment, Outcome 1 Death.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.1.1 All  

Belik 1987 1/20 0/17 5.42% 2.57[0.11,59.3]

Cattarelli 2006 2/25 1/25 10.06% 2[0.19,20.67]

Marks 1978 0/7 0/5   Not estimable

Savage 1975 4/7 2/13 14.09% 3.71[0.89,15.48]

Yeh 1984 6/30 7/30 70.43% 0.86[0.33,2.25]

Favours Treatment 1000.01 100.1 1 Favours Control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 89 90 100% 1.47[0.72,2.97]

Total events: 13 (Treatment), 10 (Control)  

Heterogeneity: Tau2=0; Chi2=3.01, df=3(P=0.39); I2=0.24%  

Test for overall effect: Z=1.06(P=0.29)  

   

2.1.2 Postnatal age < 24 hours  

Belik 1987 1/20 0/17 5.42% 2.57[0.11,59.3]

Cattarelli 2006 2/25 1/25 10.06% 2[0.19,20.67]

Savage 1975 4/7 2/13 14.09% 3.71[0.89,15.48]

Yeh 1984 6/30 7/30 70.43% 0.86[0.33,2.25]

Subtotal (95% CI) 82 85 100% 1.47[0.72,2.97]

Total events: 13 (Treatment), 10 (Control)  

Heterogeneity: Tau2=0; Chi2=3.01, df=3(P=0.39); I2=0.24%  

Test for overall effect: Z=1.06(P=0.29)  

   

2.1.3 Postnatal age at least 24 hours  

Marks 1978 0/7 0/5   Not estimable

Subtotal (95% CI) 7 5 Not estimable

Total events: 0 (Treatment), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

2.1.4 Loop diuretics  

Belik 1987 1/20 0/17 6.02% 2.57[0.11,59.3]

Marks 1978 0/7 0/5   Not estimable

Savage 1975 4/7 2/13 15.66% 3.71[0.89,15.48]

Yeh 1984 6/30 7/30 78.31% 0.86[0.33,2.25]

Subtotal (95% CI) 64 65 100% 1.41[0.67,2.95]

Total events: 11 (Treatment), 9 (Control)  

Heterogeneity: Tau2=0; Chi2=2.93, df=2(P=0.23); I2=31.75%  

Test for overall effect: Z=0.91(P=0.36)  

   

2.1.5 Theophylline  

Cattarelli 2006 2/25 1/25 100% 2[0.19,20.67]

Subtotal (95% CI) 25 25 100% 2[0.19,20.67]

Total events: 2 (Treatment), 1 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.58(P=0.56)  

Favours Treatment 1000.01 100.1 1 Favours Control

 
 

Analysis 2.2.   Comparison 2 Routine diuretic administration versus
placebo or no treatment, Outcome 2 Clinically significant PDA.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.2.1 All  

Belik 1987 0/19 1/17 8.35% 0.3[0.01,6.91]

Cattarelli 2006 6/23 5/24 25.89% 1.25[0.44,3.54]

Yeh 1984 10/29 12/27 65.76% 0.78[0.4,1.49]

Favours Treatment 1000.01 100.1 1 Favours Control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 71 68 100% 0.86[0.5,1.48]

Total events: 16 (Treatment), 18 (Control)  

Heterogeneity: Tau2=0; Chi2=1.03, df=2(P=0.6); I2=0%  

Test for overall effect: Z=0.54(P=0.59)  

   

2.2.2 Postnatal age < 24 hours  

Belik 1987 0/19 1/17 8.35% 0.3[0.01,6.91]

Cattarelli 2006 6/23 5/24 25.89% 1.25[0.44,3.54]

Yeh 1984 10/29 12/27 65.76% 0.78[0.4,1.49]

Subtotal (95% CI) 71 68 100% 0.86[0.5,1.48]

Total events: 16 (Treatment), 18 (Control)  

Heterogeneity: Tau2=0; Chi2=1.03, df=2(P=0.6); I2=0%  

Test for overall effect: Z=0.54(P=0.59)  

   

2.2.3 Loop diuretics  

Belik 1987 0/19 1/17 11.27% 0.3[0.01,6.91]

Yeh 1984 10/29 12/27 88.73% 0.78[0.4,1.49]

Subtotal (95% CI) 48 44 100% 0.72[0.38,1.38]

Total events: 10 (Treatment), 13 (Control)  

Heterogeneity: Tau2=0; Chi2=0.35, df=1(P=0.56); I2=0%  

Test for overall effect: Z=0.99(P=0.32)  

   

2.2.4 Theophylline  

Cattarelli 2006 6/23 5/24 100% 1.25[0.44,3.54]

Subtotal (95% CI) 23 24 100% 1.25[0.44,3.54]

Total events: 6 (Treatment), 5 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.42(P=0.67)  

Favours Treatment 1000.01 100.1 1 Favours Control

 
 

Analysis 2.3.   Comparison 2 Routine diuretic administration
versus placebo or no treatment, Outcome 3 Hypovolemic shock.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.3.1 Postnatal age at least 24 hours  

Marks 1978 1/5 0/7 100% 4[0.2,82.01]

Subtotal (95% CI) 5 7 100% 4[0.2,82.01]

Total events: 1 (Treatment), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.9(P=0.37)  

   

Total (95% CI) 5 7 100% 4[0.2,82.01]

Total events: 1 (Treatment), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.9(P=0.37)  

Favours Treatment 1000.01 100.1 1 Favours Control
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Analysis 2.4.   Comparison 2 Routine diuretic administration versus placebo or
no treatment, Outcome 4 Failure to extubate within 3 days aMer study entry.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.4.1 Postnatal age < 24 hours  

Yeh 1984 16/29 23/27 100% 0.65[0.45,0.93]

Subtotal (95% CI) 29 27 100% 0.65[0.45,0.93]

Total events: 16 (Treatment), 23 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.34(P=0.02)  

   

Total (95% CI) 29 27 100% 0.65[0.45,0.93]

Total events: 16 (Treatment), 23 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.34(P=0.02)  

Favours Treatment 50.2 20.5 1 Favours Control

 
 

Analysis 2.5.   Comparison 2 Routine diuretic administration versus placebo or no
treatment, Outcome 5 Change in peak inspiratory pressure (cm H2O) during treatment.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.5.1 Postnatal age < 24 hours  

Belik 1987 19 -6.1 (12.1) 17 0.5 (12.7) 100% -6.62[-14.74,1.5]

Subtotal *** 19   17   100% -6.62[-14.74,1.5]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.6(P=0.11)  

   

Total *** 19   17   100% -6.62[-14.74,1.5]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.6(P=0.11)  

Favours Treatment 10050-100 -50 0 Favours Control

 
 

Analysis 2.6.   Comparison 2 Routine diuretic administration versus placebo or no
treatment, Outcome 6 Change in mean airway pressure (cm H2O) during treatment.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.6.1 Postnatal age < 24 hours  

Yeh 1984 29 -2.4 (3.5) 27 -1.1 (2.1) 100% -1.3[-2.81,0.21]

Subtotal *** 29   27   100% -1.3[-2.81,0.21]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.69(P=0.09)  

   

Total *** 29   27   100% -1.3[-2.81,0.21]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.69(P=0.09)  

Favours Treatment 42-4 -2 0 Favours Control
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Analysis 2.7.   Comparison 2 Routine diuretic administration versus placebo
or no treatment, Outcome 7 Duration of mechanical ventilation (days).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.7.1 Postnatal age < 24 hours  

Belik 1987 19 7.1 (2) 17 12.1 (3.9) 100% -5[-7.06,-2.94]

Subtotal *** 19   17   100% -5[-7.06,-2.94]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.76(P<0.0001)  

   

Total *** 19   17   100% -5[-7.06,-2.94]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.76(P<0.0001)  

Favours Treatment 105-10 -5 0 Favours Control

 
 

Analysis 2.8.   Comparison 2 Routine diuretic administration versus
placebo or no treatment, Outcome 8 Change in FiO2 during treatment.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.8.1 Postnatal age < 24 hours  

Belik 1987 19 -0.3 (0.2) 17 -0.2 (0.2) 52.51% -0.11[-0.22,0]

Yeh 1984 29 -0.2 (0.3) 27 -0.2 (0.2) 47.49% 0.02[-0.1,0.14]

Subtotal *** 48   44   100% -0.05[-0.13,0.03]

Heterogeneity: Tau2=0; Chi2=2.34, df=1(P=0.13); I2=57.31%  

Test for overall effect: Z=1.14(P=0.26)  

   

Total *** 48   44   100% -0.05[-0.13,0.03]

Heterogeneity: Tau2=0; Chi2=2.34, df=1(P=0.13); I2=57.31%  

Test for overall effect: Z=1.14(P=0.26)  

Favours Treatment 0.50.25-0.5 -0.25 0 Favours Control

 
 

Analysis 2.9.   Comparison 2 Routine diuretic administration versus placebo or no
treatment, Outcome 9 Change in alveolar-arterial O2 gradient (mm Hg) during treatment.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.9.1 Postnatal age < 24 hours  

Belik 1987 19 -198.9
(156.1)

17 -118.9
(137.9)

45.02% -80[-176.03,16.03]

Yeh 1984 29 -141 (178.4) 27 -85 (153.2) 54.98% -56[-142.91,30.91]

Subtotal *** 48   44   100% -66.81[-131.24,-2.37]

Heterogeneity: Tau2=0; Chi2=0.13, df=1(P=0.72); I2=0%  

Test for overall effect: Z=2.03(P=0.04)  

   

Total *** 48   44   100% -66.81[-131.24,-2.37]

Heterogeneity: Tau2=0; Chi2=0.13, df=1(P=0.72); I2=0%  

Favours Treatment 1000500-1000 -500 0 Favours Control
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Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=2.03(P=0.04)  

Favours Treatment 1000500-1000 -500 0 Favours Control

 
 

Analysis 2.10.   Comparison 2 Routine diuretic administration versus placebo or no treatment, Outcome 10 BPD.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.10.1 All  

Belik 1987 2/19 1/17 7.39% 1.79[0.18,18.02]

Cattarelli 2006 1/23 4/24 27.39% 0.26[0.03,2.16]

Yeh 1984 9/29 9/27 65.22% 0.93[0.44,1.99]

Subtotal (95% CI) 71 68 100% 0.81[0.41,1.59]

Total events: 12 (Treatment), 14 (Control)  

Heterogeneity: Tau2=0; Chi2=1.68, df=2(P=0.43); I2=0%  

Test for overall effect: Z=0.61(P=0.54)  

   

2.10.2 Postnatal age < 24 hours  

Belik 1987 2/19 1/17 7.39% 1.79[0.18,18.02]

Cattarelli 2006 1/23 4/24 27.39% 0.26[0.03,2.16]

Yeh 1984 9/29 9/27 65.22% 0.93[0.44,1.99]

Subtotal (95% CI) 71 68 100% 0.81[0.41,1.59]

Total events: 12 (Treatment), 14 (Control)  

Heterogeneity: Tau2=0; Chi2=1.68, df=2(P=0.43); I2=0%  

Test for overall effect: Z=0.61(P=0.54)  

   

2.10.3 Loop diuretics  

Belik 1987 2/19 1/17 10.17% 1.79[0.18,18.02]

Yeh 1984 9/29 9/27 89.83% 0.93[0.44,1.99]

Subtotal (95% CI) 48 44 100% 1.02[0.49,2.1]

Total events: 11 (Treatment), 10 (Control)  

Heterogeneity: Tau2=0; Chi2=0.28, df=1(P=0.6); I2=0%  

Test for overall effect: Z=0.05(P=0.96)  

   

2.10.4 Theophylline  

Cattarelli 2006 1/23 4/24 100% 0.26[0.03,2.16]

Subtotal (95% CI) 23 24 100% 0.26[0.03,2.16]

Total events: 1 (Treatment), 4 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.25(P=0.21)  

Favours Treatment 1000.01 100.1 1 Favours Control

 
 

Analysis 2.11.   Comparison 2 Routine diuretic administration
versus placebo or no treatment, Outcome 11 Death or BPD.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.11.1 All  

Favours Treatment 1000.01 100.1 1 Favours Control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Belik 1987 3/20 1/17 17.78% 2.55[0.29,22.31]

Cattarelli 2006 3/25 5/25 82.22% 0.6[0.16,2.25]

Subtotal (95% CI) 45 42 100% 0.95[0.32,2.76]

Total events: 6 (Treatment), 6 (Control)  

Heterogeneity: Tau2=0; Chi2=1.26, df=1(P=0.26); I2=20.67%  

Test for overall effect: Z=0.1(P=0.92)  

   

2.11.2 Postnatal age <24 hours  

Belik 1987 3/20 1/17 17.78% 2.55[0.29,22.31]

Cattarelli 2006 3/25 5/25 82.22% 0.6[0.16,2.25]

Subtotal (95% CI) 45 42 100% 0.95[0.32,2.76]

Total events: 6 (Treatment), 6 (Control)  

Heterogeneity: Tau2=0; Chi2=1.26, df=1(P=0.26); I2=20.67%  

Test for overall effect: Z=0.1(P=0.92)  

   

2.11.3 Loop diuretics  

Belik 1987 3/20 1/17 100% 2.55[0.29,22.31]

Subtotal (95% CI) 20 17 100% 2.55[0.29,22.31]

Total events: 3 (Treatment), 1 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.85(P=0.4)  

   

2.11.4 Theophylline  

Cattarelli 2006 3/25 5/25 100% 0.6[0.16,2.25]

Subtotal (95% CI) 25 25 100% 0.6[0.16,2.25]

Total events: 3 (Treatment), 5 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.76(P=0.45)  

Favours Treatment 1000.01 100.1 1 Favours Control

 
 

Analysis 2.12.   Comparison 2 Routine diuretic administration versus placebo
or no treatment, Outcome 12 Duration of oxygen supplementation (days).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.12.1 Postnatal age < 24 hours  

Belik 1987 19 12.6 (3.4) 17 12.8 (3.3) 98.88% -0.2[-2.39,1.99]

Yeh 1984 29 34.2 (37.4) 27 36.3 (40.8) 1.12% -2.1[-22.65,18.45]

Subtotal *** 48   44   100% -0.22[-2.4,1.96]

Heterogeneity: Tau2=0; Chi2=0.03, df=1(P=0.86); I2=0%  

Test for overall effect: Z=0.2(P=0.84)  

   

Total *** 48   44   100% -0.22[-2.4,1.96]

Heterogeneity: Tau2=0; Chi2=0.03, df=1(P=0.86); I2=0%  

Test for overall effect: Z=0.2(P=0.84)  

Favours Treatment 10050-100 -50 0 Favours Control
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Analysis 2.13.   Comparison 2 Routine diuretic administration versus placebo or no treatment, Outcome 13 IVH.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.13.1 All  

Cattarelli 2006 3/23 6/24 35.43% 0.52[0.15,1.84]

Savage 1975 2/7 1/13 4.22% 3.71[0.4,34.12]

Yeh 1984 7/30 10/30 60.34% 0.7[0.31,1.59]

Subtotal (95% CI) 60 67 100% 0.76[0.4,1.44]

Total events: 12 (Treatment), 17 (Control)  

Heterogeneity: Tau2=0; Chi2=2.35, df=2(P=0.31); I2=14.8%  

Test for overall effect: Z=0.83(P=0.41)  

   

2.13.2 Postnatal age < 24 hours  

Cattarelli 2006 3/23 6/24 35.43% 0.52[0.15,1.84]

Savage 1975 2/7 1/13 4.22% 3.71[0.4,34.12]

Yeh 1984 7/30 10/30 60.34% 0.7[0.31,1.59]

Subtotal (95% CI) 60 67 100% 0.76[0.4,1.44]

Total events: 12 (Treatment), 17 (Control)  

Heterogeneity: Tau2=0; Chi2=2.35, df=2(P=0.31); I2=14.8%  

Test for overall effect: Z=0.83(P=0.41)  

   

2.13.3 Loop diuretics  

Savage 1975 2/7 1/13 6.54% 3.71[0.4,34.12]

Yeh 1984 7/30 10/30 93.46% 0.7[0.31,1.59]

Subtotal (95% CI) 37 43 100% 0.9[0.43,1.88]

Total events: 9 (Treatment), 11 (Control)  

Heterogeneity: Tau2=0; Chi2=1.93, df=1(P=0.17); I2=48.08%  

Test for overall effect: Z=0.29(P=0.77)  

   

2.13.4 Theophylline  

Cattarelli 2006 3/23 6/24 100% 0.52[0.15,1.84]

Subtotal (95% CI) 23 24 100% 0.52[0.15,1.84]

Total events: 3 (Treatment), 6 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.01(P=0.31)  

Favours Treatment 1000.01 100.1 1 Favours Control

 
 

Analysis 2.14.   Comparison 2 Routine diuretic administration versus
placebo or no treatment, Outcome 14 Severe IVH (grade III or IV).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.14.1 All  

Cattarelli 2006 1/23 1/24 100% 1.04[0.07,15.72]

Subtotal (95% CI) 23 24 100% 1.04[0.07,15.72]

Total events: 1 (Treatment), 1 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.98)  

   

Total (95% CI) 23 24 100% 1.04[0.07,15.72]

Total events: 1 (Treatment), 1 (Control)  

Favours treatment 1000.01 100.1 1 Favours control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.98)  

Favours treatment 1000.01 100.1 1 Favours control

 
 

Analysis 2.15.   Comparison 2 Routine diuretic administration versus
placebo or no treatment, Outcome 15 Duration of hospitalization (days).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.15.1 All  

Cattarelli 2006 23 62.7 (29.9) 24 62.3 (25.9) 67.29% 0.4[-15.62,16.42]

Yeh 1984 29 71.4 (44.2) 27 64.8 (43.5) 32.71% 6.6[-16.38,29.58]

Subtotal *** 52   51   100% 2.43[-10.71,15.57]

Heterogeneity: Tau2=0; Chi2=0.19, df=1(P=0.66); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

   

2.15.2 Postnatal age < 24 hours  

Cattarelli 2006 23 62.7 (29.9) 24 62.3 (25.9) 67.29% 0.4[-15.62,16.42]

Yeh 1984 29 71.4 (44.2) 27 64.8 (43.5) 32.71% 6.6[-16.38,29.58]

Subtotal *** 52   51   100% 2.43[-10.71,15.57]

Heterogeneity: Tau2=0; Chi2=0.19, df=1(P=0.66); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

   

2.15.3 Loop diuretics  

Yeh 1984 29 71.4 (44.2) 27 64.8 (43.5) 100% 6.6[-16.38,29.58]

Subtotal *** 29   27   100% 6.6[-16.38,29.58]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.56(P=0.57)  

   

2.15.4 Theophylline  

Cattarelli 2006 23 62.7 (29.9) 24 62.3 (25.9) 100% 0.4[-15.62,16.42]

Subtotal *** 23   24   100% 0.4[-15.62,16.42]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.05(P=0.96)  

Test for subgroup differences: Chi2=0.19, df=1 (P=0.98), I2=0%  

Favours Treatment 10050-100 -50 0 Favours Control

 
 

Analysis 2.16.   Comparison 2 Routine diuretic administration versus placebo or no treatment,
Outcome 16 Significant handicap at one year (major neurologic defect and/or MDI/PDI <50).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.16.1 Postnatal age < 24 hours  

Yeh 1984 2/14 4/12 100% 0.43[0.09,1.94]

Subtotal (95% CI) 14 12 100% 0.43[0.09,1.94]

Total events: 2 (Treatment), 4 (Control)  

Heterogeneity: Not applicable  

Favours Treatment 1000.01 100.1 1 Favours Control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=1.1(P=0.27)  

   

Total (95% CI) 14 12 100% 0.43[0.09,1.94]

Total events: 2 (Treatment), 4 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.1(P=0.27)  

Favours Treatment 1000.01 100.1 1 Favours Control

 
 

Analysis 2.17.   Comparison 2 Routine diuretic administration versus placebo
or no treatment, Outcome 17 Oligoanuria (urine output < 1 ml/kg/hour).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.17.1 All  

Cattarelli 2006 1/23 8/24 100% 0.13[0.02,0.96]

Subtotal (95% CI) 23 24 100% 0.13[0.02,0.96]

Total events: 1 (Treatment), 8 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2(P=0.05)  

   

2.17.2 Theophylline  

Cattarelli 2006 1/23 8/24 100% 0.13[0.02,0.96]

Subtotal (95% CI) 23 24 100% 0.13[0.02,0.96]

Total events: 1 (Treatment), 8 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2(P=0.05)  

Favours treatment 1000.01 100.1 1 Favours control

 
 

Analysis 2.18.   Comparison 2 Routine diuretic administration versus
placebo or no treatment, Outcome 18 Hyponatremia (sodium < 130 mM/L).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.18.1 All  

Cattarelli 2006 2/23 2/24 100% 1.04[0.16,6.8]

Subtotal (95% CI) 23 24 100% 1.04[0.16,6.8]

Total events: 2 (Treatment), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.04(P=0.96)  

   

Total (95% CI) 23 24 100% 1.04[0.16,6.8]

Total events: 2 (Treatment), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.04(P=0.96)  

Favours treatment 100.1 50.2 20.5 1 Favours control
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Analysis 2.19.   Comparison 2 Routine diuretic administration versus placebo
or no treatment, Outcome 19 Hyperkalemia (potassium > 6.5 mM/L).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.19.1 All  

Cattarelli 2006 3/23 2/24 100% 1.57[0.29,8.53]

Subtotal (95% CI) 23 24 100% 1.57[0.29,8.53]

Total events: 3 (Treatment), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.52(P=0.6)  

   

Total (95% CI) 23 24 100% 1.57[0.29,8.53]

Total events: 3 (Treatment), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.52(P=0.6)  

Favours treatment 100.1 50.2 20.5 1 Favours control

 
 

Comparison 3.   PRN furosemide versus PRN chlorothiazide

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

Statistical method Effect size

1 Death 1 66 Risk Ratio (M-H, Fixed, 95% CI) 0.62 [0.29, 1.29]

2 Clinical diagnosis of PDA dur-
ing the study

1 66 Risk Ratio (M-H, Fixed, 95% CI) 2.25 [1.14, 4.44]

3 Clinical diagnosis of PDA
(during the study or later)

1 66 Risk Ratio (M-H, Fixed, 95% CI) 3.0 [1.58, 5.68]

4 BPD 1 45 Risk Ratio (M-H, Fixed, 95% CI) 0.8 [0.18, 3.54]

5 Death or BPD 1 66 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.38, 1.25]

6 IVH 1 66 Risk Ratio (M-H, Fixed, 95% CI) 1.18 [0.62, 2.25]

7 Duration of mechanical ven-
tilation in survivors (days)

1 45 Mean Difference (IV, Fixed, 95%
CI)

3.20 [-1.31, 7.71]

8 Duration of hospitalization
(days)

1 45 Mean Difference (IV, Fixed, 95%
CI)

-8.0 [-33.33, 17.33]

 
 

Analysis 3.1.   Comparison 3 PRN furosemide versus PRN chlorothiazide, Outcome 1 Death.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Green 1983 8/33 13/33 100% 0.62[0.29,1.29]

   

Total (95% CI) 33 33 100% 0.62[0.29,1.29]

Favours Treatment 50.2 20.5 1 Favours Control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 8 (Treatment), 13 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.29(P=0.2)  

Favours Treatment 50.2 20.5 1 Favours Control

 
 

Analysis 3.2.   Comparison 3 PRN furosemide versus PRN
chlorothiazide, Outcome 2 Clinical diagnosis of PDA during the study.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Green 1983 18/33 8/33 100% 2.25[1.14,4.44]

   

Total (95% CI) 33 33 100% 2.25[1.14,4.44]

Total events: 18 (Treatment), 8 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.34(P=0.02)  

Favours Treatment 50.2 20.5 1 Favours Control

 
 

Analysis 3.3.   Comparison 3 PRN furosemide versus PRN chlorothiazide,
Outcome 3 Clinical diagnosis of PDA (during the study or later).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Green 1983 24/33 8/33 100% 3[1.58,5.68]

   

Total (95% CI) 33 33 100% 3[1.58,5.68]

Total events: 24 (Treatment), 8 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=3.37(P=0)  

Favours Treatment 100.1 50.2 20.5 1 Favours Control

 
 

Analysis 3.4.   Comparison 3 PRN furosemide versus PRN chlorothiazide, Outcome 4 BPD.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Green 1983 3/25 3/20 100% 0.8[0.18,3.54]

   

Total (95% CI) 25 20 100% 0.8[0.18,3.54]

Total events: 3 (Treatment), 3 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.29(P=0.77)  

Favours Treatment 100.1 50.2 20.5 1 Favours Control
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Analysis 3.5.   Comparison 3 PRN furosemide versus PRN chlorothiazide, Outcome 5 Death or BPD.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Green 1983 11/33 16/33 100% 0.69[0.38,1.25]

   

Total (95% CI) 33 33 100% 0.69[0.38,1.25]

Total events: 11 (Treatment), 16 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.23(P=0.22)  

Favours Treatment 50.2 20.5 1 Favours Control

 
 

Analysis 3.6.   Comparison 3 PRN furosemide versus PRN chlorothiazide, Outcome 6 IVH.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Green 1983 13/33 11/33 100% 1.18[0.62,2.25]

   

Total (95% CI) 33 33 100% 1.18[0.62,2.25]

Total events: 13 (Treatment), 11 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.51(P=0.61)  

Favours Treatment 50.2 20.5 1 Favours Control

 
 

Analysis 3.7.   Comparison 3 PRN furosemide versus PRN chlorothiazide,
Outcome 7 Duration of mechanical ventilation in survivors (days).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Green 1983 25 10.5 (10.3) 20 7.3 (4.6) 100% 3.2[-1.31,7.71]

   

Total *** 25   20   100% 3.2[-1.31,7.71]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.39(P=0.16)  

Favours Treatment 105-10 -5 0 Favours Control

 
 

Analysis 3.8.   Comparison 3 PRN furosemide versus PRN
chlorothiazide, Outcome 8 Duration of hospitalization (days).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Green 1983 25 41 (23) 20 49 (54) 100% -8[-33.33,17.33]

   

Total *** 25   20   100% -8[-33.33,17.33]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.62(P=0.54)  

Favours Treatment 10050-100 -50 0 Favours Control
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W H A T ' S   N E W

 

Date Event Description

20 September 2011 New citation required but conclusions
have not changed

New lead author: Dr. Audra Stewart

14 January 2011 New search has been performed This is an update of the review "Diuretics for respiratory distress
syndrome in preterm infants", published in The Cochrane Li-
brary, Issue 1, 2008 (Brion 2008). 
 
A search of MEDLINE through August 2011 yielded one addition-
al trial which was not included in the analysis (Greenough 1985). 
Additional searches in Cochrane Central Register of Controlled
Trials (CENTRAL, The Cochrane Library), EMBASE, controlled-tri-
als.com and clinicaltrials.gov did not yield additional studies.

 

H I S T O R Y

Protocol first published: Issue 3, 1999
Review first published: Issue 3, 1999

 

Date Event Description

3 June 2008 Amended Converted to new review format.

7 November 2007 New search has been performed This is an update of the review "Diuretics for respiratory distress
syndrome in preterm infants", published in The Cochrane Li-
brary, Issue 2, 2001 (Brion 2001). 
 
A search of MEDLINE in April 2003 and of the Cochrane Central
Register of Controlled Trials (CENTRAL, The Cochrane Library, Is-
sue 1, 2003) did not yield any additional eligible studies. 
 
Based on recent expansion of the classification of diuretics
(Guignard 2005), the background and search strategy have
been updated. A search of MEDLINE in March 2007 and of The
Cochrane Central Register of Controlled Trials (CENTRAL, The
Cochrane Library, Issue 1, 2007) yielded two additional trials, one
of which was included in the analysis (Cattarelli 2005).

7 November 2007 New citation required but conclusions
have not changed

Substantive amendment
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