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A B S T R A C T

Background

Reduced perfusion of organs such as the brain, heart, kidneys and the gastrointestinal tract may lead to acute dysfunction and be
associated with permanent injury. Various strategies have been used to provide cardiovascular support to preterm infants including
inotropes, corticosteroids and volume expansion.

Objectives

To determine the eKect of early volume expansion on morbidity and mortality in very preterm infants. If volume expansion is eKective, to
determine the type of volume expansion that is most eKective.

Search methods

The standard search strategy of the Neonatal Review Group was used. Updated searches were performed of the Cochrane Central Register
of Controlled Trials (Issue 3, 2008), MEDLINE (1996 - July 2008), EMBASE (1980 - July 2008), previous reviews including cross references,
abstracts and conferences.

Selection criteria

Randomised trials of early volume expansion with normal saline, fresh frozen plasma, albumin, plasma substitutes or blood compared to
no treatment or another form of volume expansion in preterm infants ≦ 32 weeks gestation or ≦ 1500 g were included. Volume expansion
was defined as at least 10 ml/kg given in the first 72 hours aEer birth.

Data collection and analysis

Standard methods of the Neonatal Review Group with use of relative risk (RR), risk diKerence (RD) and weighted mean diKerence (WMD).
The fixed eKects model was used for meta-analysis. Data from individual studies were only eligible for inclusion if a least 80% of infants
were reported for that outcome.

Main results

Eight studies were included. Five studies compared volume to no treatment. Most studies enrolled very preterm infants on the basis of
gestation or birthweight. Two studies comparing diKerent types of volume expansion enrolled very preterm infants with hypotension. No
study enrolled infants on the basis of low blood flow. One study examined the eKect of volume expansion on blood flow, but evaluated
normotensive very preterm infants.
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Four studies comparing volume expansion and no treatment with a total of 940 very preterm infants reported no significant diKerence in
mortality (typical RR 1.11, 95% CI 0.88, 1.40). The large NNNI 1996 study reported no significant diKerence in severe disability (RR 0.80,
95% CI 0.52, 1.23), cerebral palsy (RR 0.76, 95% CI 0.48, 1.20) and combined death or severe disability (RR 1.00, 95% CI 0.80, 1.24). Although
one small study (Beverley 1985) reported reduced P/IVH with volume expansion, this was not supported by any other study. No significant
diKerence was reported in grade 3-4 P/IVH and combined death or grade 3-4 P/IVH. One study (NNNI 1996) reported no significant diKerence
in the incidence of hypotension. The finding of decreased necrotising enterocolitis and increased sepsis in infants who received fresh frozen
plasma compared to no treatment in one study should be treated with caution. No significant diKerences in mortality or disability were
found in this study. Comparing albumin and saline in hypotensive infants, one study (Lynch 2008) reported a significant increase in mean
BP and reduced incidence of treatment failure (persistent hypotension treated with dopamine). The other study (So 1997) and the meta-
analysis of the two studies found no significant diKerence in treatment failure (typical RR 0.76, 95% CI 0.54, 1.07) or in any other clinical
outcome.

Authors' conclusions

There is no evidence from randomised trials to support the routine use of early volume expansion in very preterm infants without
cardiovascular compromise. There is insuKicient evidence to determine whether infants with cardiovascular compromise benefit from
volume expansion. There is insuKicient evidence to determine what type of volume expansion should be used in preterm infants (if at all)
or to determine the benefit of using early red cell transfusions. The significance of the finding of a significant increase in blood pressure in
hypotensive preterm infants in one trial comparing albumin and saline is unclear, but the overall meta-analyses found no other significant
clinical benefit in using albumin compared to saline.

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

Early volume expansion for prevention of morbidity and mortality in very preterm infants

Early volume expansion for very preterm babies has not been shown to improve their outcomes but more research is needed. Low blood
pressure and blood flow have been linked to brain injury in preterm babies. They can also cause permanent injury to other organs and
developmental problems. One way of trying to increase the blood pressure and flow of blood is to increase the amount of fluid in the blood
stream (volume expansion). This can be done with products such as albumin (a protein) and salt solutions. The review of evidence from
trials found that volume expansion has not been shown to improve outcomes for preterm babies. More research is needed.
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B A C K G R O U N D

Reduced perfusion of organs such as the brain, heart, kidneys
and the gastrointestinal tract may lead to acute dysfunction
and be associated with permanent injury. Twenty percent of
surviving babies born very premature do so with some degree
of neurodevelopmental disability (Lorenz 1998). Low systemic
blood pressure (BP) and systemic blood flow (SBF) have both
been linked to cerebral injury in preterm infants. Systemic arterial
hypotension is associated with peri/intraventricular haemorrhage
(P/IVH), ischaemic cerebral lesions and poor
long-term neurodevelopmental outcome (Miall-Allen 1987;
Goldstein 1995; Low 1993). Low upper body blood flow (Kluckow
2000; Osborn 2003; Miletin 2008) and low cerebral blood flow (Meek
1999) on the first day aEer birth are associated with late P/IVH. In
addition, low upper body blood flow on the first day (as measured
by flow in the superior vena cava) was associated with a significant
increase in mortality (Osborn 2003; Kluckow 2000), necrotising
enterocolitis (Osborn 2007) and subsequent neurodevelopmental
impairment (Hunt 2004; Osborn 2007) in infants born < 30 weeks'
gestation.

Clinical features suggesting reduced perfusion include low BP,
reduced cutaneous perfusion and metabolic acidosis. However,
systemic arterial pressure has been shown to be poorly correlated
with SBF as measured by Doppler ultrasound in preterm infants
(Kluckow 1996; Kluckow 2000; Osborn 2004a). In addition, clinical
measures of hypovolaemia including systemic hypotension have
been found to be poorly correlated to blood volume in premature
infants (Barr 1977; Bauer 1993).

Various therapeutic strategies have been used to provide
cardiovascular support to preterm infants including inotropes,
corticosteroids and volume expansion. Most strategies have
targeted low BP using inotropes such as dopamine vs.
dobutamine (Greenough 1993; Hentschel 1995; Klarr 1994;
Roze 1993), dopamine vs. adrenaline (Pellicer 2005; Valverde
2006), corticosteroids (Gaissmaier 1999), and corticosteroids vs.
dopamine (Bourchier 1997). Trials of dopamine vs. dobutamine in
very preterm infants with systemic hypotension have not found
a diKerence between these inotropes at preventing mortality and
P/IVH. Dopamine was more eKective than dobutamine at treating
systemic hypotension in very preterm infants (Subhedar 2003).
Despite an increase in systemic BP, dopamine was shown to reduce
aortic blood flow in one study (Roze 1993). In another study in
very preterm infants with low SBF, dobutamine which produced
little change in BP but a significantly greater increase in SBF than
dopamine, despite dopamine resulting in a significantly greater
increase in BP (Osborn 2002). However, there was no significant
diKerence in long-term outcomes (Osborn 2007; Osborn 2007a).
Strategies to correct systemic hypotension and hypovolaemia have
also included volume expansion. Observational studies have found
increases in cardiac output aEer albumin infusion in sick preterm
infants (Pladys 1997) and a small increase in systemic BP in
hypotensive preterm infants (Barr 1977; Bignall 1989). Short-term
increases in SBF have also been reported aEer saline infusion in
preterm infants with low SBF (Osborn 2002). Observational studies
have also reported an increase in P/IVH (Goldberg 1980) and chronic
lung disease (Van Marter 1990) in preterm infants receiving volume
expansion. A systematic review of randomised controlled trials
of albumin infusions in critically ill patients including those with
hypovolaemia, burns and hypoalbuminaemia found a significantly

increased mortality for those patients receiving albumin compared
to control (Alderson 2004).

The question addressed by this review is what is the evidence from
randomised controlled trials for the use of early volume expansion
to prevent mortality and morbidity in very preterm infants. In
view of the diKiculties of identifying infants with poor perfusion
and hypovolaemia, subgroup analysis was planned according to
method of diagnosis of poor perfusion (unselected preterm infants,
preterm infants with clinical indicators of poor perfusion [low
BP, reduced cutaneous perfusion and metabolic acidosis] and
infants with ultrasound Doppler detected low blood flow). As there
is evidence to suggest that late intraventricular haemorrhage is
associated with systemic hypotension and low SBF in the first day of
life (Miall-Allen 1987; Goldstein 1995; Kluckow 2000; Osborn 2003),
subgroup analysis was performed with the hypothesis that trials
that used early volume expansion were more likely to prevent
intraventricular haemorrhage. As diKerent volume expanders have
diKerent eKects, subgroup analysis was performed according to
type of volume expansion used. This is an update of a previous
Cochrane Review (Osborn 2001; Osborn 2004).

O B J E C T I V E S

To determine the eKect of early volume expansion on morbidity and
mortality in very preterm infants. Subgroup analysis was planned
according to method of diagnosis of poor perfusion (unselected
preterm infants, preterm infants with clinical indicators of poor
perfusion and infants with ultrasound Doppler detected low blood
flow), postnatal age of treatment and type of volume expansion
used. In trials among such infants which compare two or more
diKerent types of infusate for volume expansion, to determine
which type of volume expansion is more eKective.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials that compare volume expansion
with control (no treatment), and randomised controlled trials
comparing two or more types of infusate for volume expansion.
Trials with adequate randomisation and ≧ 80% follow-up of
participants were eligible for inclusion.

Types of participants

Very preterm infants born ≦ 32 weeks' gestation or ≦ 1500 g and
enrolled and treated in the first 72 hours aEer birth. Trials were
eligible if they enrolled either unselected preterm infants, preterm
infants with clinically suspected poor perfusion (eg. low BP, poor
cutaneous perfusion, or metabolic acidosis), or preterm infants
with low blood flow (eg. determined by Doppler ultrasound). Low
BP may be defined as BP either less than a specified percentile of
a standard chart, a mean BP ≦ 30 mmHg in any preterm infant or a
mean BP ≦ 1 mmHg per week of gestation.

Types of interventions

Volume expansion including normal saline, fresh frozen plasma,
albumin, plasma substitute or blood. Volume expansion was
defined as at least 10ml/kg additional volume above maintenance
requirements given over less than 6 hours.
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Types of outcome measures

Primary outcome measures included any of the following:

1. Neonatal mortality and mortality to discharge

2. Peri/intraventricular haemorrhage (any or severe grades)

3. Periventricular leucomalacia

4. Neurodevelopmental disability (either neurological
abnormality including cerebral palsy, developmental delay or
sensory impairment)

Secondary outcome measures included any of the following;

1. Use of inotropes (in first 72 hours)

2. Failure to correct low SBF (eg. Doppler ultrasound aEer volume
expansion)

3. Failure to correct systemic hypotension (enrolment criteria used
in trial)

4. Patent ductus arteriosus (PDA)

5. Renal impairment (creatinine ≧ 120 micromol/l, oliguria ≦ 0.5ml/
kg/hour)

6. Airleak

7. Chronic lung disease (CLD) (at 28 postnatal days or near term
postmenstrual age)

8. Proven necrotising enterocolitis

9. Retinopathy of prematurity (any stage and severe)

Planned subgroup analyses included the following identified
subcategories:

1. Including only trials where volume expansion was given a) in the
first day aEer birth, and b) in the first 12 hours aEer birth

2. According to type of volume expansion used (normal saline,
fresh frozen plasma, albumin, plasma substitute or blood)

3. Comparing diKerent types of volume expansion to determine
which type volume expansion is most eKective

4. According to whether trials enrolled :

• Unselected preterm infants

• Preterm infants with clinical indicators of poor perfusion (low
BP, poor cutaneous perfusion or metabolic acidosis)

• Preterm infants with ultrasound Doppler diagnosed low blood
flow

All primary and secondary outcomes were included in subgroup
analysis where available.

Search methods for identification of studies

An updated search was performed of Cochrane Central Register
of Controlled Trials (CENTRAL, The Cochrane Library Issue 3,
2008), MEDLINE (1996 - July 2008), EMBASE (1980 - July 2008),
previous reviews including cross references (all articles referenced),
abstracts and conferences (Perinatal Society of Australia and New
Zealand, and Pediatric Academic Societies and American Academy
of Pediatrics meetings 2004 - 2008). The previously documented
search strategy was expanded to include MeSH terms "[polygeline
or albumins]" and text words "[starch or albumin or albumen or
gelofusine or plasma]"

This review updates a previous version (Osborn 2004). For all
versions, the standard search strategy of the Neonatal Review

Group was used. The original review (Osborn 2001) included
searches of the Oxford Database of Perinatal Trials. The January
2004 update included searches of CENTRAL (The Cochrane Library
Issue 1, 2004), MEDLINE (1996 - January 2004), EMBASE (1980 -
January 2004), previous reviews including cross references (all
articles referenced), abstracts and conferences (Perinatal Society of
Australia and New Zealand, and Pediatric Academic Societies and
American Academy of Pediatrics meetings 1998 - 2003). The search
of MEDLINE included both MeSH searches using the following
terms ("[colloids or plasma substitutes or sodium chloride or
serum albumin or hypotension] and infant-premature") and text
searches using the following words ("[colloid or crystalloid or saline
or volume or hypotension] and infant-premature"). No language
restriction was used.

Data collection and analysis

Criteria and methods used to assess the methodological quality
of the included trials: Standard methods of the Cochrane
Collaboration and its Neonatal Review Group were used. The
methodological quality of each trial was reviewed independently
by the second review author. Particular emphasis was placed
on allocation concealment, blinding, completeness of follow up
and blinding of outcome assessment. Allocation concealment was
ranked: Grade A: adequate; Grade B: uncertain; Grade C: clearly
inadequate. Additional information was requested from authors of
each trial to clarify methodology (see 'table of included studies' -
'notes').

Methods used to collect data from the included trials: Each review
author extracted data separately then compared and resolved
diKerences. Additional data where required was requested from
authors of trials (see 'table of included studies' - 'notes').

Methods used to synthesise the data: Standard methods of
Neonatal Review Group with use of relative risk and weighted
mean diKerence where appropriate. The fixed eKects model
using RevMan 5.0 was used for meta-analysis. Heterogeneity was

explored using funnel plots and the chi2 statistic for heterogeneity,

and quantified using the I2 statistic. Sensitivity analysis was
performed on the basis of methodological quality.

R E S U L T S

Description of studies

Eight studies were eligible for inclusion (see 'table of included
studies'). An additional published report was found for one study
(Lynch 2008). Data from a previously unpublished study was not
provided by the author and is now listed as an excluded study
(Wright 1995).

Infants: The largest study was the NNNI 1996 study with 776
enrolled infants. The other studies were all small with between
25 and 102 infants randomised. Infant numbers, weights and
gestations are documented in the table "Characteristics of Included
Studies'. Four studies enrolled very preterm infants on the basis of
prematurity or low birth weight, not on the basis of haemodynamic
compromise (Beverley 1985; Ekblad 1991; Gottuso 1976; NNNI
1996). Emery 1992 enrolled infants with a systolic BP < 40 mmHg.
Infants with clinical volume overload were excluded. Infants in
the study by Lundstrom 2000 were enrolled if the mean BP was
in the normal range (29 - 40 mmHg) and they had not received
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volume or inotrope in the preceding three hours. The authors
state that this group were considered to be above the presumed
normal upper limit for hypotension but from previous work may
still be at risk of low leE ventricular output and cerebral blood
flow. Lynch 2008 enrolled hypotensive preterm infants before three
days of age and with mean BP < 5th percentile. So 1997 enrolled
mechanically ventilated preterm infants with hypotension (low
mean BP according to birthweight strata).

Interventions: Beverley 1985 compared fresh frozen plasma 10 ml/
kg on admission and repeated at 24 hours of age to no treatment.
Ekblad 1991 compared fresh frozen plasma 10 ml/kg (given over
three hours at < 5 hours of age, then daily for 3 days) to no
treatment. Emery 1992 compared fresh frozen plasma to albumin
4.5% (15 ml/kg over three hours) given to infants on day one to
four aEer birth. A control group given albumin 20% 5 ml/kg is
not included in this review. Gottuso 1976 compared fresh frozen
plasma 15 ml/kg to no treatment (supportive care only) in infants
< 24 hours of age. Lundstrom 2000 compared albumin 20% 15 ml/
kg to no treatment in infants with a mean postnatal age of 32
hours (range 5 - 224). Lynch 2008 compared albumin 10 ml/kg with
normal saline 10ml/kg infused over 20 minutes in infants < 3 days
of age. Volume was repeated if hypotension persisted. The NNNI
1996 study compared infants < 2 hours of age randomised to either
fresh frozen plasma 15 ml/kg, a gelatin-based plasma substitute
(Gelofusine) 20 ml/kg (given over 15 minutes and repeated aEer 24
hours) or to no treatment. So 1997 compared infants randomised
to albumin 5% or normal saline 10 ml/kg over 30 minutes, with a
maximum of three doses given if hypotension persisted.

Outcomes: the stated primary outcomes for the studies included
P/IVH (Beverley 1985), water balance and renal function (Ekblad
1991), systolic BP one and four hours aEer infusion (Emery 1992),
haemodynamic change (mean BP, leE ventricular output and
cerebral blood flow) (Lundstrom 2000), improvement in arterial
BP to normal (> 10th percentile for mean BP for weight) at one
hour aEer infusion (Lynch 2008), death before discharge or severe
disability at two years (NNNI 1996) and successful treatment of
hypotension (So 1997). The data for treatment failure in the studies
by Lynch 2008 and So 1997 are the number of infants with persistent
hypotension aEer volume therapy requiring inotropes. Gottuso
1976 did not state a primary outcome but measured mortality
and blood gas data. Data from the NNNI 1996 study for grade 1
P/IVH, grade 2 - 4 P/IVH and periventricular leucomalacia were
available from a subgroup of units with routine scan facilities.
Data from this study for grade 3 - 4 P/IVH included late cystic
parenchymal lesions. The data for severe neurodevelopmental
disability included children who were blind, deaf, unable to walk,
had a developmental quotient > 3 SD below mean or another severe
disability. Hypotension in the NNNI 1996 study was defined as
systolic BP < 35 mmHg. Treatment failure in this study was defined
as the occurrence of hypotension on the first day aEer birth and was
only available for a subgroup of infants born in 1990 and 1991.

In this update, the number of excluded reports has increased
from 37 to 46 (see 'Characteristics of Excluded Studies'). These
included 11 studies which had no control group (Alkalay 1999;
Barr 1977; Bauer 1993; Belgaumkar 1998; Bignall 1989; Dimitriou
2001; Lambert 1998; Lay 1980; Nelle 1997; Pladys 1994; Pladys
1997; Sriram 1997). Three studies used insuKicient volume to be
eligible for inclusion, with less than 10 ml/kg volume given (Bland
1976; Greenough 1993; McMurray 1948). One of these also enrolled

infants with a mean gestational age > 32 weeks (Bland 1976). One
study enrolled term infants with suspected asphyxia (Gurkan 2000).
Several studies treated infants predominately aEer the first 72
hours (Liet 2003; Liet 2006; McMurray 1948; Paul 2003; Upadhyay
2005). Four studies of red cell transfusion were in infants > 3 days old
(Beeram 2003; Blank 1984; Meyer 1993; Nose 1996) and two studies
(Paul 2002; Wong 2005) compared the eKect of diKerent red cell
transfusion volumes in preterm infants with a low hematocrit. One
study printed in abstract form only did not state volume of fresh
frozen plasma given and data for analysis could not be extracted
(Alexander 1976). Oca 2003 comparing volume expansion with
albumin to normal saline enrolled hypotensive infants stratified by
birth weight < 2500 g or > 2500 g. There were excess losses (23%) in
the < 2500g strata to meet eligibility for inclusion in the review.

Risk of bias in included studies

See the table 'Characteristics of included studies'.

Seven studies reported adequate randomisation procedures and
had adequate allocation concealment (Beverley 1985; Emery 1992;
Gottuso 1976; Lundstrom 2000; Lynch 2008; NNNI 1996; So 1997).
One study did not report the method of randomisation (Ekblad
1991). Lynch 2008 reported 'blinding' by sending the allocated
solution from pharmacy in an opaque bag. No other study stated
that the interventions were blinded in any way. Given the nature
of the interventions, it is probable that caregivers were not blinded
in any of the studies. Blinding measurement of outcomes was
reported by Beverley 1985 (P/IVH), Lynch 2008 (all outcomes) and
the NNNI 1996 study (neurodevelopmental assessment). Studies
reporting no losses to follow-up included Emery 1992; Gottuso
1976; Lundstrom 2000; NNNI 1996 study (neurodevelopmental
assessment) and So 1997. Beverley 1985 reported seven (12.5%)
losses. Data for P/IVH for the excluded infants is available and used
in the analysis of mortality and P/IVH in this review. Ekblad 1991
reported outcomes for the same cohort of infants in two papers,
with data reported on 38 of 40 infants in one paper (PDA) and 35
of 40 (renal function) in the other. Data for P/IVH and mortality
for the excluded infants is available and used in the analysis of
these outcomes in this review. The grade of P/IVH was not available
for the excluded infants. The authors have been contacted to
obtain this information. Data for PDA were not available for two
infants. Lynch 2008 did not report post-randomisation losses so
losses are unclear. Lynch 2008 also reported PIVH for a subset
of infants born < 1500g. Not all units in the NNNI 1996 study
performed routine head ultrasound scans. Data for P/IVH were
available for approximately 84% of 611 infants from centres
with routine scan facilities. The NNNI 1996 study reported head
ultrasound abnormalities in units with routine scanning facilities
as intraventricular haemorrhage and periventricular abnormality
in babies surviving at six weeks. This was then reclassified
into subependymal haemorrhage, more severe haemorrhage, any
cerebral abnormality, severe cerebral abnormality, and death
or severe cerebral abnormality. Approximately 84% of surviving
infants had data from both one and six weeks' ultrasounds. Only
data from this subgroup of units with > 80% follow-up and from
surviving infants with both one and six weeks scans have been used
in this review.

As the ascertainment of head ultrasound abnormality was diKerent
between the studies, data for P/IVH, grade 2 - 4 P/IVH, grade 3 - 4 P/
IVH and periventricular leucomalacia are only combined in meta-
analysis in studies that report similar methods of ascertainment.

Early volume expansion for prevention of morbidity and mortality in very preterm infants (Review)
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Data are included where there is > 80% ascertainment of infants for
the outcome.

E;ects of interventions

VOLUME VS. NO TREATMENT IN VERY PRETERM INFANTS
(Comparison 1):

Primary outcomes: Five studies randomised infants to volume vs.
no treatment in very preterm infants (Beverley 1985; Ekblad 1991;
Gottuso 1976; Lundstrom 2000; NNNI 1996). Four studies with a
total of 940 infants reported mortality (Beverley 1985; Gottuso
1976; Lundstrom 2000; NNNI 1996). None found a significant eKect.
Meta-analysis showed the mortality was similar for infants who
received volume compared to no treatment (typical relative risk
1.11, 95% confidence intervals 0.88, 1.40; typical risk diKerence
0.02, 95% CI -0.03, 0.08) (Outcome 1.1). Two of these studies
(Beverley 1985; Ekblad 1991) reported P/IVH data on all infants
randomised. Beverley 1985 found a significant reduction in P/
IVH (RR 0.46, 95% CI 0.21, 0.98) whereas Ekblad 1991 found no
significant diKerence (RR 1.21, 95% CI 0.31, 4.71). Meta-analysis of
these 2 studies showed no significant diKerence in P/IVH (typical
RR 0.58, 95% CI 0.30, 1.11; typical RD -0.14, 95% CI -0.29, 0.01)
(Outcome 1.2). Beverley 1985 found no significant diKerence in
grade 2 - 4 P/IVH (RR 0.43, 95% CI 0.17, 1.08) or grade 3-4 P/IVH
(RR 0.55, 95% CI 0.21, 1.47); the diKerence in rate of death or P/
IVH was of borderline significance (RR 0.55, 95% CI 0.30, 1.03; RD
-0.21, 95% CI -0.42, -0.01). There was no significant diKerence in
death or grade 3 - 4 P/IVH (RR 0.68, 95% 0.32, 1.46). For the 413
survivors who were examined at six weeks in centres with routine
scan facilities in the NNNI 1996 study, no significant diKerence was
found in P/IVH in survivors (RR 1.05, 95% CI 0.75, 1.47) or grade 2 -
4 P/IVH in survivors (RR 1.03, 95% CI 0.55, 1.90). For the 611 infants
randomised in these units, there was no diKerence in death or P/
IVH (RR 1.04, 95% CI 0.83, 1.29) and death or grade 3-4 P/IVH (RR
1.12, 95% CI 0.84, 1.49). Lundstrom 2000 reported no infants with
periventricular leucomalacia in either group. In the 413 survivors
examined, the NNNI 1996 study found no significant diKerence in
periventricular leucomalacia (RR 0.69, 95% CI 0.40, 1.20). The NNNI
1996 study reported long-term neurodevelopmental outcome in
survivors. There was no significant diKerence in severe disability
(RR 0.80, 95% CI 0.52, 1.23), cerebral palsy (RR 0.76, 95% CI 0.48,
1.20) and death or severe disability (RR 1.00, 95% CI 0.80, 1.24).

Secondary outcomes: The NNNI 1996 study found no significant
diKerence in the rates of treatment failure for a subgroup of
infants born 1990-91 (hypotension: RR 0.55, 95% CI 0.24, 1.28) or
in transient renal impairment (data not given in paper). Ekblad
1991 (2 infants lost from analysis) found an increase in PDA of
borderline significance (RR 1.62, 95% CI 1.00, 2.62; RD 0.33. 95% CI
0.05, 0.61). Beverley 1985 found no diKerence in PDA (RR 1.14, 95%
CI 0.53, 2.48). Meta-analysis of the two studies found no significant
diKerence in PDA (typical RR 1.39, 95% CI 0.91, 2.14) (Outcome
1.12). There was no significant diKerence in rates of pneumothorax,
necrotising enterocolitis, or sepsis (Outcomes 1.13 - 1.15). One
study (Lundstrom 2000) found a non-significant trend for volume
to increase leE ventricular output (mean diKerence 26.6 ml/kg/
min, 95% CI -1.7, 69.9) and cerebral blood flow (MD 7.8 ml/kg/min,
95% CI -19.8, 35.4) compared to a control group, but to have little
eKect on mean BP (MD 6.8 mmHg, 95% CI -16.8, 30.4). No data
were available for incidence of low blood flow, use of additional
inotropes or retinopathy.

SUBGROUP ANALYSES ACCORDING TO TYPE OF VOLUME USED:

No studies were found that compared early red cell transfusion to
a control group. No study reported any primary outcomes for the
comparison of albumin and fresh frozen plasma.

COLLOID VS. CRYSTALLOID IN HYPOTENSIVE INFANTS
(Comparison 2):

Primary outcomes: Two studies (So 1997; Lynch 2008) compared
volume expansion using albumin 5% to normal saline 10ml/kg in
hypotensive preterm infants. Meta-analysis found no significant
diKerence in mortality (typical RR 1.02; 95% CI 0.50, 2.06) (Outcome
2.1). Neither study reported a significant diKerence in PIVH or
PIVH grade 3 - 4, although the was substantial but not statistically
significant heterogeneity in both analyses. Meta-analysis found no
significant diKerence in P/IVH (typical RR 0.95; 95% CI 0.56, 1.61)
and grade 3 - 4 P/IVH (typical RR 0.77; 95% CI 0.30, 1.95) (Outcomes
2.2, 2.3). No data were available for periventricular leucomalacia or
long-term disability.

Secondary outcomes: One study (Lynch 2008), reported a
significant reduction in treatment failure (persistent hypotension
requiring inotropes (RR 0.54; 95% CI 0.30, 0.97) in infants
receiving albumin compared to normal saline. So 1997 reported
no significant diKerence in treatment failure (RR 1.02, 95% CI 0.68,
1.55). Meta-analysis found no significant diKerence in treatment
failure (two studies,163 infants; typical RR 0.76, 95% CI 0.54,

1.07) (Outcome 2.4). There was substantial (I2 70%) heterogeneity

of borderline significance (chi2 p = 0.07). So 1997 reported no
significant diKerence in chronic lung disease (oxygen requirements
at 28 days or 36 weeks postmenstrual age), patent ductus
arteriosus, necrotising enterocolitis and sepsis (Outcomes 2.5 - 2.8).
No data were available for retinopathy.

Other outcomes: Lynch 2008 reported (in abstract) a significantly
greater increase in mean BP in infants receiving albumin compared
to normal saline (MD 9.9%, 95% CI 1.22-18.58). Lynch 2008 reported
no significant diKerence in infants receiving a second bolus
(albumin 61.2% vs. saline 64.7%), urine output (ml/kg/hr) for six
hours aEer the first bolus (1.7 ± 2.2 vs. 1.8 ± 2) or cost of therapy per
patient including pharmacy and nursing costs (albumin $US63.98
± 8.03 vs. saline $US62.18 ± 8.58). So 1997 reported no significant
diKerence in mean arterial BP (data presented in article in figure)
but infants who received albumin received a significantly increased
amount of extra volume for hypotension (mean 27.5 vs. 10.0 ml, p
= 0.02) and had a significantly greater increase in weight in the first
48 hours (5.9 +\- 1.9% vs. 0.9 +\- 1.7%, p = 0.05).

ALBUMIN VS. SALINE:

See 'Colloid vs. crystalloid' above.

ALBUMIN VS. NO TREATMENT IN NORMOTENSIVE INFANTS
(Comparison 3):

Primary outcomes: One study randomised 25 normotensive
preterm infants to albumin 20% 15 ml/kg or no treatment
(Lundstrom 2000) and found no significant diKerence in mortality
(RR 0.92, 95% CI 0.23, 3.72) (Outcome 3.1) and no periventricular
leucomalacia (Outcome 3.2) in either group.

Secondary outcomes: Infants receiving albumin had a trend to
increased leE ventricular output and cerebral blood flow, with

Early volume expansion for prevention of morbidity and mortality in very preterm infants (Review)
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little change in mean BP (see above). No other outcome data are
available.

FRESH FROZEN PLASMA VS. NO TREATMENT IN VERY PRETERM
INFANTS (Comparison 4):

Primary outcomes: Four studies randomised infants to fresh frozen
plasma or no treatment (Beverley 1985; Ekblad 1991; Gottuso 1976;
NNNI 1996). Meta-analysis of three studies reporting mortality data
(Beverley 1985; Gottuso 1976; NNNI 1996) involving a total of 654
infants found no significant diKerence in mortality (typical RR 1.05,
95% CI 0.81, 1.36) (Outcome 4.1). Two studies (Beverley 1985;
Ekblad 1991) reported data on all infants randomised. Beverley
1985 found a significant reduction in P/IVH (RR 0.46, 95% CI 0.21,
0.98) whereas Ekblad 1991 found no significant diKerence (RR
1.21, 95% CI 0.31, 4.71). Meta-analysis of these 2 studies found a
non-significant trend to reduced P/IVH in infants receiving volume
(typical RR 0.58, 95% CI 0.30, 1.11; typical RD -0.14, 95% CI
-0.29, 0.01) (Outcome 4.2). One study, Beverley 1985 found a non-
significant trend to less P/IVH grade 3-4 (RR 0.55, 95% CI 0.21, 1.47),
reduced death or P/IVH of borderline significance (RR 0.55, 95% CI
0.30, 1.03; RD -0.21, 95% CI -0.42, -0.01) and no significant diKerence
in death or grade 3-4 P/IVH (RR 0.68, 95% CI 0.32, 1.46). From
units with routine scan facilities, the NNNI 1996 study reported no
diKerence in P/IVH in survivors examined (RR 1.20, 95% CI 0.83,
1.74), grade 2-4 P/IVH in survivors examined (RR 0.93, 95% CI 0.45,
1.95), death or P/IVH (RR 1.06, 95% CI 0.83, 1.37), death or grade 3-4
P/IVH (RR 1.01, 95% CI 0.72, 1.41) and periventricular leucomalacia
in survivors (RR 0.76, 95% CI 0.40, 1.45). Rates of severe disability
(RR 0.80, 95% CI 0.48, 1.34), death or severe disability (RR 0.94, 95%
CI 0.73, 1.22) and cerebral palsy (RR 0.79, 95% CI 0.46, 1.34) were
not significantly diKerent.

Secondary outcomes: The NNNI 1996 study found no significant
diKerence in the rate of treatment failure in infants born 1990-91
(hypotension: RR 0.71, 95% CI 0.27, 1.82). No data on the eKect
on blood flow were available. In the NNNI 1996 study, necrotising
enterocolitis was significantly reduced (RR 0.22, 95% CI 0.06, 0.74)
in infants receiving fresh frozen plasma, but sepsis significantly
increased (RR 1.65, 95% CI 1.13, 2.40). Ekblad 1991 found an
increase in PDA of borderline significance (RR 1.62, 95% CI 1.00,
2.62: RD 0.33, 95% CI 0.05, 0.61). Beverley 1985 found no diKerence
in PDA (RR 1.14, 95% CI 0.53, 2.48). Meta-analysis of these two
studies found no significant diKerence in PDA (typical RR 1.39, 95%
CI 0.91, 2.14) (Outcome 4.12). No significant diKerence was found
in the rates pneumothorax (Outcome 4.13). The NNNI 1996 study
found no significant diKerence in the rate of renal impairment (data
not given in paper) and Ekblad 1991 found no significant diKerence
in creatinine clearance and urinary fractional sodium excretion in
the first 5 days aEer birth.

ALBUMIN VS. FRESH FROZEN PLASMA IN VERY PRETERM
INFANTS:

One trial involving 20 infants in each group with a systolic BP <
40 mmHg compared fresh frozen plasma to albumin 4.5% 15 ml/
kg (Emery 1992). No significant diKerence in change in mean BP
was found. Both these groups had a significantly greater increase in
mean BP than a control group who received albumin 20% 5 ml/kg.
No diKerence in duration of ventilation was found. No other clinical
data were available.

GELATIN-BASED PLASMA SUBSTITUTE VS. NO TREATMENT IN
VERY PRETERM INFANTS (Comparison 5):

Primary outcomes: One study involving 519 infants compared a
gelatin-based plasma substitute 20 ml/kg with no treatment (NNNI
1996). No significant diKerences were found in mortality (RR 1.22,
95% CI 0.86, 1.72). In a subgroup of infants from centres with routine
scanning facilities there was no significant diKerence found in P/
IVH in survivors (RR 0.89, 95% CI 0.58, 1.34), grade 2-4 P/IVH in
survivors (RR 1.12, 95% CI 0.56, 2.27), death or P/IVH (RR 1.01, 95%
CI 0.78, 1.30), death or grade 3-4 P/IVH (RR 1.23, 95% CI 0.90, 1.68)
or periventricular leucomalacia in survivors (RR 0.62, 95% CI 0.31,
1.24). Rates of severe disability in all survivors (RR 0.79, 95% CI 0.47,
1.33), death or severe disability (RR 1.05, 95% CI 0.82, 1.34) and
cerebral palsy in all survivors (RR 0.74, 95% CI 0.42, 1.28) were not
significantly diKerent.

Secondary outcomes: The NNNI 1996 study found no significant
diKerences in the rate of treatment failure in a subgroup of infants
born 1990-91 (hypotension: RR 0.40, 95% CI 0.13, 1.25), transient
renal impairment, necrotising enterocolitis (RR 1.06, 95% CI 0.52,
2.15) and sepsis (RR 0.93, 95% CI 0.60, 1.44) . No data on the eKect on
blood flow, patent ductus arteriosus or retinopathy were available.

GELATIN-BASED PLASMA SUBSTITUTE VS. FRESH FROZEN
PLASMA IN VERY PRETERM INFANTS (Comparison 6):

Primary outcomes: One study involving 519 infants compared a
gelatin-based plasma substitute with fresh frozen plasma 20 ml/kg
(NNNI 1996). No significant diKerence was found in mortality (RR
1.17, 95% CI 0.83, 1.64). In a subgroup of infants born in centres
with routine scanning facilities, the rates of P/IVH in survivors (RR
0.74, 95% CI 0.49, 1.10), grade 2-4 P/IVH in survivors (RR 1.20, 95%
CI 0.58, 2.50), death or P/IVH (RR 0.95, 95% CI 0.74, 1.21), death
or grade 3-4 P/IVH (RR 1.22, 95% CI 0.89, 1.67) and periventricular
leucomalacia in survivors (RR 0.81, 95% CI 0.38, 1.72) were similar.
Rates of severe disability in all survivors (RR 0.99, 95% CI 0.57,
1.72), death or severe disability (RR 1.11, 95% CI 0.86, 1.43) and
cerebral palsy in all survivors (RR 0.94 95% CI 0.52, 1.69) were not
significantly diKerent.

Secondary outcomes: The NNNI 1996 study found no significant
diKerence in the rate of treatment failure in a subgroup of infants
born 1990-91 (hypotension: RR 0.56, 95% CI 0.17, 1.90), or for
transient renal impairment. The rate of necrotising enterocolitis
was significantly higher (RR 4.92, 95% CI 1.44, 16.80) and sepsis
significantly lower (RR 0.57, 95% CI 0.39, 0.83) in infants who
received the gelatin based plasma substitute. No data on the eKect
on blood flow or rates of patent ductus arteriosus and retinopathy
were available.

BLOOD TRANSFUSION VS. NO TREATMENT VS. NO TREATMENT
IN VERY PRETERM INFANTS:

No randomised study was found that compared early red cell
transfusion to control.

OTHER SUBGROUP ANALYSES:
1) According to timing of treatment (data not in MetaView tables):
Volume vs. no treatment: Early treatment (< 24 hours age): Four
studies with gave volume expansion to infants within the first 24
hours aEer birth (Beverley 1985; Ekblad 1991; Gottuso 1976; NNNI
1996). Meta-analysis of three studies with data on mortality for
915 infants (Beverley 1985; Gottuso 1976; NNNI 1996) found no
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significant diKerence (typical RR 1.11, 95% CI 0.88, 1.41). All other
outcomes are as for the comparison 'volume vs. no treatment'.

Colloid (5% albumin) vs. crystalloid (normal saline): Early
treatment (< 24 hours): One study (So 1997) enrolled infants
with hypotension at < 2 hours of age and reported no significant
diKerence in mortality (RR 1.36, 95% CI 0.48, 3.82), any P/IVH (RR
1.52, 95% CI 0.68, 3.42) and grade 3 - 4 P/IVH (RR 1.61, 95% CI 0.42,
6.19). So 1997 reported no significant diKerence in treatment failure
(RR 1.02, 95% CI 0.68, 1.55), rates of chronic lung disease (oxygen
requirements at 28 days or 36 weeks postmenstrual age), patent
ductus arteriosus, necrotising enterocolitis and sepsis. The other
study (Lynch 2008) comparing albumin with normal saline enrolled
hypotensive infants <3 days of age.

2) According to types of infants enrolled:
a) Unselected preterm infants (not selected on the basis of
cardiovascular compromise): All studies that compared volume
to no treatment enrolled infants on the basis of gestation or
birthweight. See comparison of volume vs. no treatment.

b) Infants with clinical evidence of cardiovascular compromise:
Three studies enrolled infants with clinical evidence of
cardiovascular compromise. Emery 1992 enrolled hypotensive
infants (systolic BP < 40 mmHg) to fresh frozen plasma 15 ml/kg or
albumin 4.5% 15 ml/kg. A control group received albumin 20% 5 ml/
kg. Lynch 2008 enrolled hypotensive preterm infants (mean BP < 5th
percentile according to Vermsold criteria) to 5% albumin vs. normal
saline 10ml/kg. So 1997 enrolled hypotensive infants with a low
mean BP (defined by weight strata) to albumin 10 ml/kg or isotonic
saline 10 ml/kg. Only one study (Lynch 2008) reported a significant
diKerence with a significant reduction in treatment failure in infants
receiving albumin (RR 0.54; 95% CI 0.30, 0.97) and a significant
increase in mean BP (WMD 9.90 mmHg, 9% CI 1.22, 18.58) compared
to normal saline. No diKerences were found for any outcomes (see
comparisons of 'fresh frozen plasma versus albumin' and 'colloid
versus crystalloid'). No studies were found that compared volume
to no treatment in infants with cardiovascular compromise.

c) Infants with low blood flow: No studies were found that
compared volume to no treatment in infants with low blood flow.

HETEROGENEITY

No statistically significant heterogeneity was found for any analysis
included in this review. Comparing volume to no treatment: One
small study (Beverley 1985) found a reduced rate of P/IVH. The
other studies (Ekblad 1991; NNNI 1996) and the overall meta-
analysis did not support a diKerence in P/IVH, high grade P/IVH or
subsequent disability. Comparing albumin to normal saline: One
study (Lynch 2008) reported a significant reduction in treatment
failure and significantly greater increase in mean BP in hypotensive
infants receiving albumin in the first 3 days. The other study (So
1997) reported no significant diKerence in treatment failure and no
significant diKerence in % change in mean BP in infants enrolled <2
hours age.

SENSITIVITY ANALYSIS ACCORDING TO METHODOLOGICAL
QUALITY (data not in MetaView tables)

The results of this review are not sensitive to excluding the
study that did not state whether there was adequate allocation
concealment (Ekblad 1991). Only one study stated that the
interventions were blinded in any way (Lynch 2008) and this study

compared 5% albumin with normal saline 10ml/kg in hypotensive
infants in the first 3 days aEer birth. This study reported a
significantly greater increase in mean BP in infants receiving
albumin compared to normal saline (MD 9.9%, 95% CI 1.22, 18.58)
but no significant diKerence in urine output (ml/kg/hr) for 6 hours
aEer the 1st bolus (1.7 ± 2.2 vs. 1.8 ± 2) or cost of therapy per patient
including pharmacy and nursing costs (albumin $US63.98 ± 8.03
vs. saline $US62.18 ± 8.58). Comparing volume with no treatment,
one study with results for P/IVH had incomplete head ultrasound
data at six weeks (NNNI 1996). Two studies had complete follow-up
of infants for P/IVH (Beverley 1985; Ekblad 1991) and found a non-
significant trend to reduced P/IVH (RR 0.6, 95% CI 0.3, 1.1; RD -0.14,
95% CI -0.29, 0.01) and grade 3 - 4 P/IVH (RR 0.6, 95% CI 0.2, 1.5; RD
-0.11, 95% CI -0.27, 0.06) in infants receiving volume. No significant
diKerence for combined death or P/IVH (RR 0.95, 95% CI 0.74,
1.21) was found. The NNNI 1996 study had complete follow-up for
neurodevelopmental outcomes reporting no significant diKerence
in severe disability (RR 0.80, 95% CI 0.52, 1.23), cerebral palsy (RR
0.76, 95% CI 0.48, 1.20) and death or severe disability (RR 1.00, 95%
CI 0.80, 1.24).

Two studies were excluded from the analyses as insuKicient volume
(less than 10ml/kg) was given (Bland 1976; Greenough 1993) and
the mean age of infants was > 32 weeks (Bland 1976). One study
(Emery 1992) had data excluded from a subgroup of infants who
received insuKicient volume and did not meet the criteria for
controls (given albumin 20% 5 ml/kg). These data do not meet
inclusion criteria for this review. The excluded data from the study
by Emery 1992 are given in 'results' in the comparison of 'fresh
frozen plasma vs. albumin'. The inclusion of data from any of these
comparisons has minimal impact on any of the estimates made in
this review.

D I S C U S S I O N

This review examines evidence from randomised controlled trials
for the use of early volume expansion in very preterm infants. In
subgroup analysis, it looks for evidence for the use of diKerent
types of volume expansion and for the use of volume expansion
in diKerent types of infants. The analysis had a power of 80%
to detect a 9% absolute diKerence in rates of combined death
and severe disability between volume and control groups at
the 5% significance level. Six of the 7 trials reported adequate
randomisation procedures and allocation concealment. Only one
reported eKorts to blind caregivers with this study comparing use
of albumin with normal saline in hypotensive infants (Lynch 2008).
Only one trial provided data on long-term neurodevelopment
(NNNI 1996). This was the largest trial with no losses to follow-
up and blinded assessment of neurodevelopment at two years,
including the GriKiths' Scales of Mental Development and clinical
examination. This trial had incomplete ascertainment of head
ultrasound findings in a subgroup of infants born in centres with
routine scan facilities. The studies with complete ascertainment of
head ultrasound abnormalities are much smaller (Beverley 1985;
Ekblad 1991).

The studies comparing volume to no treatment did not enrol
infants with evidence of cardiovascular compromise. Infants were
predominantly enrolled on the basis of gestation or birthweight.
However, by virtue of their gestation or birthweight, these infants
were at risk of mortality, P/IVH and disability. Whether or not these
infants had hypovolaemia was not measured. The studies that did
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enrol infants on the basis of cardiovascular compromise enrolled
infants on the basis of low BP and compared diKerent forms of
volume expansion. They did not have a control group that received
no treatment. Blood flow (leE ventricular output and cerebral blood
flow) was measured by only one study (Lundstrom 2000). This study
enrolled infants with stable cardiovascular status and normal mean
BP who had not received volume or inotropes in the preceding three
hours. There is no data on blood flow in infants with cardiovascular
compromise.

There is no evidence to support the routine use of volume
expansion given to very preterm infants on the basis of gestational
age or birthweight in the first days aEer birth. There is no evidence
that routine early volume expansion decreases the incidence of
cardiovascular compromise (hypotension) or mortality. Evidence
from one study of a reduced rate of P/IVH is not supported by the
overall meta-analysis or any other study. No diKerence was seen in
the rates of higher grade cerebral ischaemic lesions or subsequent
disability. The observations from one study that infants who
received fresh frozen plasma had a lower incidence of necrotising
enterocolitis and higher incidence of sepsis should be treated
with caution. The overall rate of mortality and disability were
not diKerent between infants who received fresh frozen plasma
compared to no treatment in this study.

One study (Lynch 2008) reported a significant reduction in
treatment failure (persistent hypotension) and a greater increase
in mean BP in infants with hypotension treated with albumin
compared to normal saline. Other clinical outcomes including
mortality and P/IVH were not reported. The other study (So 1997)
and the overall meta-analysis do not support a reduction in rate
of treatment failure or change in mean BP, and there was no
significant diKerence in mortality, P/IVH or other clinical outcomes.
DiKerences between the studies identified in subgroup analyses
included the diKerent timing of intervention (Lynch 2008 enrolled
infants < 3 days age and So 1997 enrolled infants < 2 hours age)
and the lack of blinding of treatment in one study (So 1997). One

study (NNNI 1996) reported no significant diKerence in mortality,
P/IVH or disability in infants who received a gelatin-based plasma
substitute compared to fresh frozen plasma. No data were available
for the use of early blood transfusion. Data for the use of albumin
compared to no treatment are only available from one small study
with inadequate power to demonstrate any benefit and enrolling
infants with a stable cardiovascular status.

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

Implications for practice

There is no evidence from randomised trials to support the routine
use of early volume expansion in preterm infants without evidence
of cardiovascular compromise. There is insuKicient evidence
to determine whether infants with evidence of cardiovascular
compromise benefit from volume expansion. There is insuKicient
evidence to determine what type of volume expansion should be
used in preterm infants (if at all) and for the use of early red cell
transfusions. The significance of the finding of a significant increase
in BP in hypotensive preterm infants in one trial comparing colloid
(albumin) and crystalloid (saline) is unclear, but the overall meta-
analysis found no other clinical benefit in using albumin compared
to saline.

Implications for research

The question of whether volume expansion should be given before
or in addition to inotropes in preterm infants with cardiovascular
compromise has not been answered. Future trials of volume
expansion should identify and enrol those infants with low cardiac
output or organ perfusion. Further trials of albumin vs. saline are
warranted in infants with cardiovascular compromise. In addition
to important clinical outcomes (mortality, cerebral ischaemic
lesions and neurodevelopment) future trials should measure
changes in cardiac output and/or organ blood flow. Further
research is required into methods of detecting hypovolaemia in
preterm infants.
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Characteristics of included studies [ordered by study ID]

 

Methods Adequate randomisation: yes, sealed envelopes. 
Allocation concealment: yes. 
Blinding of intervention: no. 
Blinding of measurement: yes. 
Losses to follow up: yes, 7 (9%) infants excluded from study due to death (1), intraventricular hemor-
rhage on admission (1) and treatment of hypotension or coagulopathy with fresh frozen plasma (5 con-
trols). Data available for mortality and intraventricular haemorrhage in excluded infants.

Participants Infants <1500g or < 32 weeks. 
Mean gestation: Treatment group: 29.4 weeks (sd 2.4); Control: 28.8 (sd 2.1). 
Mean birthweight: Treatment group: 1246g (sd 400); Control: 1216g (sd 320).

Interventions Intervention (n = 38): fresh frozen plasma 10 ml/kg on admission and 24 hours of age. 
Control (n = 42): no treatment.

Outcomes Stated primary outcome: P/IVH. 
Other outcomes: mortality, respiratory distress syndrome, ventilation, pCO2 > 7kPa, pH < 7.15, mean
maximal peak inspiratory pressure, mean maximal inspired oxygen, pneumothorax, patent ductus ar-
teriosus, coagulation studies and platelet counts.

Beverley 1985 
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Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Beverley 1985  (Continued)

 
 

Methods Adequate randomisation: method not stated. 
Allocation concealment: unclear. 
Blinding of intervention: no. 
Blinding of measurement: no. 
Losses to follow-up: yes. Outcomes reported for 38 of 40 infants in one paper (PDA) and 35 of 40 (renal
function) in the other. Data for P/IVH and mortality for the excluded infants is available and used in the
analysis of these outcomes.

Participants Appropriate for gestational age preterm infants stratified by gestation: 
< 30 weeks (n = 19), 30-34, weeks (n = 19). 
< 5 hours of age. 
Mean gestation: 27.8 (sd 1.7); Control: 27.6 (sd 1.6). 
Mean birthweight: Treatment: 1375g. Control: 1448g.

Interventions Intervention (n = 21): Fresh frozen plasma 10 ml/kg over 2 hours, daily for 3 days, no additional sodium. 
Control (n = 19): no treatment, sodium added to fluids.

Outcomes Stated primary outcome: water balance and extracellular volume (bromide space), renal function. 
Other outcomes: ventilatory assistance, respiratory distress syndrome, patent ductus arteriosus, P/IVH.

Notes Data for grade of P/IVH in excluded infants requested from author.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk B - Unclear

Ekblad 1991 

 
 

Methods Adequate randomisation: yes, sealed envelope. 
Allocation concealment: yes. 
Blinding of intervention: no. 
Blinding of measurement: no. 
Losses to follow-up: none.

Participants Preterm infants day 1-4 (23-35 weeks, (552-1954g), hypotension with systolic BP < 40 mmHg. 
Exclusions: clinical fluid overload. 
Median gestation: Group 1: 26 weeks (range 23-34); Group 2: 27 weeks (range 24-25). Median birth-
weight: Group 1: 958g (566-1880). Group 2: 844g (690-1954).

Interventions Intervention: Group 1 (n = 20) fresh frozen plasma 15 ml/kg over 3 hours. 
Group 3 (n = 20) 4.5% albumin 15 ml/kg over 3 hours.

Emery 1992 
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Outcomes Stated primary outcome: systolic BP one and 4 hours after infusions. 
Other outcomes: none.

Notes No data available for inclusion in meta-analysis. 
Median change BP available.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Emery 1992  (Continued)

 
 

Methods Two centres. 
Adequate randomisation: yes, used sealed envelopes. 
Allocation concealment: yes. 
Blinding of intervention: no. 
Blinding of measurement: no. 
Losses to follow-up: none.

Participants Stratified into 3 groups: 
Group A; birth weight 700-1000g, < 24 hours age. 
Group B: 1001-2000g, severe respiratory distress syndrome, < 24 hours age. Group C: > 1000g, any age,
partial thromboplastin time > 60 secs, and acidosis or hypoxia in 60% inspired oxygen.

Interventions Intervention: Supportive care and fresh frozen plasma 15 ml/kg (n = 26). 
Control: supportive care only (n = 33).

Outcomes Stated primary outcome: none stated. 
Other outcomes: mortality, pH, pCO2, FiO2/PaO2, intracranial and pulmonary haemorrhage.

Notes Infants randomised to exchange transfusion excluded from review. 
Group A and B infants received treatment at mean age 7.4 to 12 hours. Group C median age 20 hours.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Gottuso 1976 

 
 

Methods Adequate randomisation: yes, sealed envelopes. 
Allocation concealment: yes. 
Blinding of intervention: no. 
Blinding of measurement: not stated. 
Losses to follow-up: none.

Participants Preterm infants < 33 weeks (median 28, range 25-32), arterial line, mean arterial BP 29 to 40 mmHg,
normal blood glucose, no volume or inotrope support within preceding 3 hours. 
Mean postnatal age = 31.8 hrs (range 5-224). 
Mean gestation: Intervention: 27.9 weeks; Control: 28.7 weeks 

Lundstrom 2000 
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Mean birthweight: Intervention: 1134g; Control: 1238g.

Interventions Intervention (n = 13): albumin 20% 15 ml/kg. 
Control (n = 12): no treatment.

Outcomes Stated primary outcome: mean arterial BP, leE ventricular output, global cerebral blood flow. 
Other outcomes: mortality, P/IVH, periventricular leucomalacia not available according to treatment
groups.

Notes Data from publication used. Clinical data for mortality obtained from author.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Lundstrom 2000  (Continued)

 
 

Methods Single centre. 
Adequate randomisation: yes, performed by a pharmacist using computer code generated after obtain-
ing consent. 
Allocation concealment: yes. 
Blinding of intervention: yes, fluid was sent to the NICU in syringe concealed by an opaque wrapper. 
Blinding of measurement: yes. 
Losses to follow-up: unclear. Abstract reported 53 infants in normal saline group, publication 52 in-
fants.

Participants Infants admitted to NICU <24 hours age, ≦ 3 days age, mean arterial pressure <5th percentile by
Versmold criteria for >10 minutes and parental permission. 
Infants mean gestational age (weeks) albumin group: 30.8±4.4; normal saline: 30.1±4.1. Mean birth
weight (g): albumin: 1617±838; normal saline: 1528±830.

Interventions 5% albumin 10ml/kg infused over 20 minutes (n = 49). 
Normal saline 10ml/kg infused over 20 minutes (n = 53). 
Volume repeated if failure of response. 
Treatment success defined as resolution of hypotension after 2 boluses - infants received dopamine.

Outcomes Primary outcomes: improvement in arterial BP to normal (greater than the 10th percentile for mean BP
for weight) at 1 hour after infusion. 
Other outcomes: urine output, use of second bolus of volume, use of pressure support, average cost of
treatment, average amount of nursing time required for preparation of drug. Treatment failure defined
as need for pressor support for persisting hypotension (mean BP<5th percentile). Reported PIVH for in-
fants <1500g only.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Lynch 2008 
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Methods Multicentre. 
Adequate randomisation: yes, central telephone randomisation using minimization. 
Allocation concealment: yes. 
Blinding of intervention: no. 
Blinding of measurement: yes. 
Losses to follow-up: none for death and disability, incomplete head ultrasound data (in units with rou-
tine scanning - 84% for 6 weeks survivors).

Participants Infants < 32 weeks, < 2 hours old and clinician uncertain as to whether to use volume, no indications or
contraindications to any of the interventions. 
Median gestation: 29 weeks (range 27-31) 
Median birthweight (interquartile range): Group 1: 1265g (981-1543); Group 2: 1254g (965-1535); Con-
trol: 1240g (980-1510).

Interventions Intervention: Group 1 ( n = 257). Fresh frozen plasma 20 ml/kg over 15 mins, 10 ml/kg 24hrs later. 
Group 2 (n = 261). Gelatin-based plasma substitute (Gelofusine) 20 ml/kg over 15 mins, 10 ml/kg 24hrs
later. 
Control (n = 258): Maintenance fluids 60-120 ml/kg/day. 
Other management according to local physician.

Outcomes Stated primary outcome: death before discharge or severe disability at 2 years. 
Other outcomes: P/IVH on 1 and 6 week ultrasound.

Notes 77% of eligible infants enrolled. 
P/IVH data taken from units with routine scanning only. Data for reclassified P/IVH and periventricular
leucomalacia requested from author.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

NNNI 1996 

 
 

Methods Adequate randomisation: yes, computer used. 
Allocation concealment: yes. 
Blinding of intervention: no. 
Blinding of measurement: no. 
Losses to follow-up: none.

Participants Infants < 34 weeks, birthweight < 2000g, mechanically ventilated for RDS, hypotension (MAP < 25, 30, 35
mmHg at < 1kg, 1-1.49 kg, 1.5-1.99 kg respectively) at < 2 hours age, no previous fluids or inotropes. 
Exclusions: infants of mothers given antihypertensives within 24 hours of birth, severe congenital
anomalies, cyanotic heart disease or leE ventricular outflow anomalies 
Mean gestation: Intervention group: 28.1 weeks (sd 4.0); Control: 28.5 weeks (sd 2.8). 
Mean birthweight: Intervention: 1123g (sd 458); Control: 1163g (sd 367).

Interventions Intervention (n = 32): 5% albumin 10 ml/kg over 30 mins up to 3 doses. 
Control (n = 31): isotonic saline 10 ml/kg over 30 mins up to 3 doses.

Outcomes Stated primary outcome: treatment failure (persistent hypotension requiring dopamine). 
Other outcomes: need for extra volume, weight gain, urine output, serum sodium, patent ductus (echo
confirmed), P/IVH (ultrasound at 2 and 6 days and 3 weeks), necrotising enterocolitis, chronic lung dis-
ease (oxygen at 28 days and 36 weeks post conception), and mortality.

So 1997 
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Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

So 1997  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Alexander 1976 Fresh frozen plasma versus no treatment. Printed in abstract form only. Volume of fresh frozen
plasma not stated. No clinical data could be extracted for inclusion in review.

Alkalay 1999 No control group.

Andrew 1993 Randomised trial of platelet transfusion in thrombocytopenic newborns.

Barr 1977 No control group.

Bauer 1993 No control group.

Beeram 2003 Randomised trial of two different volumes of packed red cell transfusions in haemodynamically
stable very low birth weight infants.

Belgaumkar 1998 Retrospective cohort of 10 ml/kg 4.5% albumin infusion in 26 ventilated normotensive neonates
with metabolic acidosis.

Bell 1980 Randomised trial of higher and lower fluid intakes.

Bignall 1989 No control group.

Bland 1976 Insufficient volume to meet inclusion criteria. Mean age of infants > 32 weeks. Randomised preterm
infants < 37 weeks with serum protein < 4.6 g% to receive glucose versus albumin 25% 8 ml/kg
within 2 hours of birth.

Blank 1984 Randomized to red cell transfusion to maintain Hb > 10 g/L or control group. Intervention predomi-
nantly late.

Chan 1976 Randomised to albumin 1g/kg versus no treatment prior to exchange transfusion.

Costarino 1992 Randomised trial of higher and low sodium intake.

Delivoria 1976 Used alternation to assign infants to exchange transfusion or control.

Dimitriou 2001 No control group. Observed effect of albumin infusion on BP, pH and core-peripheral temperature
difference.

Dixon 1999 Randomised trial of 10ml/kg 4.5% albumin versus 4.2% sodium bicarbonate in acidotic newborn
infants. Gestations not reported. Infants with hypotension or evidence of acute blood loss exclud-
ed.

Ekblad 1987 Randomised to high and low sodium intake.
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Study Reason for exclusion

Greenough 1993 Given inadequate volume: 20% albumin 5 ml/kg given at maintenance fluid rate instead of mainte-
nance fluids. Placebo was maintenance fluids.

Gurkan 2000 Randomised trial of 20% albumin 0.5g/kg in term newborns with perinatal asphyxia.

Hosono 2001 Randomised trial of albumin infusion in term infants with non-haemolytic hyperbilirubinaemia.

Kanarek 1991 Randomised after 48-72 hours of age to addition of albumin to total parenteral nutrition.

Kavvadia 2000 Trial of fluid restriction.

Lambert 1998 No control group.

Lay 1980 No control group.

Leake 1976 Infants 3 to 16 days age. Infants randomly assigned to different infusion rates of maintenance flu-
ids.

Liet 2003 Neonates 690–4030g, gestational age 26–40 weeks without cardiac or renal failure or major hemo-
stasis abnormalities and requiring a peripherally inserted central catheter for parenteral nutrition.
Median (1st/3rd quartiles) age enrolment HES group: day 3 (3, 6); saline: day 5 (4, 6).

Liet 2006 Hypotensive preterm infants (mean gestational age of 29 +/-3 week) randomly allocated to 10ml/kg
5% albumin versus isotonic saline versus hydroxyethyl starch (HES). Infants age at randomisation
(days): albumin: 2+/-1; saline: 6 +/-10; HES: 5 +/- 6.

McMurray 1948 Insufficient volume: used 3ml 25g/dl albumin injected per pound bodyweight 1–2 times weekly
versus no albumin. Given after day 3. Treatment allocation by alternation with process not strictly
adhered to.

Meyer 1993 Randomised to packed red cell transfusion to maintain hematocrit > 0.35 or control. Mean time of
transfusion 28 days

Nelle 1997 Enrolled preterm infants with anaemia. Studied effect of blood transfusion. No control group.

Nose 1996 Infants < 4 days old excluded. Randomised study of 2 different infusion rates of red cell transfusion.

Oca 2003 Enrolled 50 newborn infants with hypotension in first 24 hours. Stratified randomisation of infants
<2500g and >=2500. Excluded because of excessive post randomisation losses (9/39 =23%) for in-
fants <2500g.

Papile 1978 Observational study of effects of sodium bicarbonate in acidotic infants.

Paul 2002 Comparison of 10 versus 20 ml/kg red blood cells in infants <1500g. Mean postnatal age 23-26 days.

Paul 2003 Enrolled infants aged 1–38 months, allocated randomly to 20 ml/kg HES 70/0.5 or Ringer's lactate
during the first hour of urological surgery.

Pladys 1994 No control group.

Pladys 1997 No control group.

Sinclair 1968 Infants randomised to varying oxygen, alkali (rapid infusion of sodium bicarbonate) and ventilation
strategies.

Sriram 1997 No control group.
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Study Reason for exclusion

Stoddart 1996 Enrolled neonates undergoing major surgery. They were excluded if the body weight was less than
2kg.

Upadhyay 2005 Enrolled infants with septic shock 1 month to 12 years age.

Warburton 1983 Randomised to different volumes of maintenance fluids.

Weisman 1992 Randomised infants with early onset sepsis to 10ml/kg intravenous immunoglobulin or albumin.

Wirth 1979 Control group received bicarbonate. Crossover study of bicarbonate and albumin. Gestational ages
of infants not stated. Printed in abstract form only.

Wong 2005 Infants <1500g with HCT <0.30 randomised to 2 different red cell transfusion volumes.

Wright 1995 Unable to obtain data from author.

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Volume vs. no treatment in very preterm infants

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Death 4 940 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.88, 1.40]

2 Any P/IVH 3   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 Any P/IVH in infants randomised 2 120 Risk Ratio (M-H, Fixed, 95% CI) 0.58 [0.30, 1.11]

2.2 Any P/IVH in survivors examined 1 413 Risk Ratio (M-H, Fixed, 95% CI) 1.05 [0.75, 1.47]

3 Death or P/IVH 2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

3.1 Death or P/IVH in infants ran-
domised

1 80 Risk Ratio (M-H, Fixed, 95% CI) 0.55 [0.30, 1.03]

3.2 Death or P/IVH in infants exam-
ined

1 611 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.83, 1.29]

4 P/IVH grade 2-4 2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

4.1 P/IVH grade 2-4 in infants ran-
domised

1 80 Risk Ratio (M-H, Fixed, 95% CI) 0.43 [0.17, 1.08]

4.2 P/IVH grade 2-4 in survivors exam-
ined

1 413 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.55, 1.90]

5 P/IVH grade 3-4 1 80 Risk Ratio (M-H, Fixed, 95% CI) 0.55 [0.21, 1.47]

6 Death or severe P/IVH 2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

6.1 Death or P/IVH grade 3-4 in infants
randomised

1 80 Risk Ratio (M-H, Fixed, 95% CI) 0.68 [0.32, 1.46]

6.2 Death or P/IVH grade 3-4 in infants
examined

1 611 Risk Ratio (M-H, Fixed, 95% CI) 1.12 [0.84, 1.49]

7 Periventricular leucomalacia in sur-
vivors

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

7.1 PVL in all survivors 1 19 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

7.2 PVL in survivors examined 1 413 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.40, 1.20]

8 Severe neurodevelopmental dis-
ability in survivors

1 604 Risk Ratio (M-H, Fixed, 95% CI) 0.80 [0.52, 1.23]

9 Death or severe neuodevelopmen-
tal disability

1 776 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.80, 1.24]

10 Cerebral palsy in survivors 1 604 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.48, 1.20]

11 Failed treatment (hypotension) in
infants born 1990-1991

1 644 Risk Ratio (M-H, Fixed, 95% CI) 0.55 [0.24, 1.28]

12 Patent ductus arteriosus 2 111 Risk Ratio (M-H, Fixed, 95% CI) 1.39 [0.91, 2.14]

13 Pneumothorax 1 73 Risk Ratio (M-H, Fixed, 95% CI) 0.80 [0.33, 1.92]

14 Necrotising enterocolitis 1 776 Risk Ratio (M-H, Fixed, 95% CI) 0.64 [0.32, 1.27]

15 Sepsis 1 776 Risk Ratio (M-H, Fixed, 95% CI) 1.29 [0.90, 1.83]

16 Change mean BP (%) 1 25 Mean Difference (IV, Fixed, 95% CI) 6.8 [-16.83, 30.43]

17 Change leE ventricular output (%) 1 25 Mean Difference (IV, Fixed, 95% CI) 26.6 [-16.68, 69.88]

18 Change cerebral blood flow (%) 1 25 Mean Difference (IV, Fixed, 95% CI) 7.8 [-19.80, 35.40]

 
 

Analysis 1.1.   Comparison 1 Volume vs. no treatment in very preterm infants, Outcome 1 Death.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

Lundstrom 2000 3/13 3/12 3.33% 0.92[0.23,3.72]

Beverley 1985 7/38 8/42 8.11% 0.97[0.39,2.41]

Gottuso 1976 20/26 23/33 21.63% 1.1[0.81,1.5]

NNNI 1996 107/518 47/258 66.94% 1.13[0.83,1.54]

   

Total (95% CI) 595 345 100% 1.11[0.88,1.4]

Total events: 137 (Volume), 81 (No treatment)  

Favours volume 20.5 1.50.7 1 Favours no treatment
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Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

Heterogeneity: Tau2=0; Chi2=0.17, df=3(P=0.98); I2=0%  

Test for overall effect: Z=0.85(P=0.4)  

Favours volume 20.5 1.50.7 1 Favours no treatment

 
 

Analysis 1.2.   Comparison 1 Volume vs. no treatment in very preterm infants, Outcome 2 Any P/IVH.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

1.2.1 Any P/IVH in infants randomised  

Beverley 1985 7/38 17/42 83.68% 0.46[0.21,0.98]

Ekblad 1991 4/21 3/19 16.32% 1.21[0.31,4.71]

Subtotal (95% CI) 59 61 100% 0.58[0.3,1.11]

Total events: 11 (Volume), 20 (No treatment)  

Heterogeneity: Tau2=0; Chi2=1.5, df=1(P=0.22); I2=33.23%  

Test for overall effect: Z=1.65(P=0.1)  

   

1.2.2 Any P/IVH in survivors examined  

NNNI 1996 72/266 38/147 100% 1.05[0.75,1.47]

Subtotal (95% CI) 266 147 100% 1.05[0.75,1.47]

Total events: 72 (Volume), 38 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.27(P=0.79)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 1.3.   Comparison 1 Volume vs. no treatment in very preterm infants, Outcome 3 Death or P/IVH.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

1.3.1 Death or P/IVH in infants randomised  

Beverley 1985 10/38 20/42 100% 0.55[0.3,1.03]

Subtotal (95% CI) 38 42 100% 0.55[0.3,1.03]

Total events: 10 (Volume), 20 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.88(P=0.06)  

   

1.3.2 Death or P/IVH in infants examined  

NNNI 1996 154/408 74/203 100% 1.04[0.83,1.29]

Subtotal (95% CI) 408 203 100% 1.04[0.83,1.29]

Total events: 154 (Volume), 74 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.31(P=0.76)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment
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Analysis 1.4.   Comparison 1 Volume vs. no treatment in very preterm infants, Outcome 4 P/IVH grade 2-4.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

1.4.1 P/IVH grade 2-4 in infants randomised  

Beverley 1985 5/38 13/42 100% 0.43[0.17,1.08]

Subtotal (95% CI) 38 42 100% 0.43[0.17,1.08]

Total events: 5 (Volume), 13 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.8(P=0.07)  

   

1.4.2 P/IVH grade 2-4 in survivors examined  

NNNI 1996 26/266 14/147 100% 1.03[0.55,1.9]

Subtotal (95% CI) 266 147 100% 1.03[0.55,1.9]

Total events: 26 (Volume), 14 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.08(P=0.93)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 1.5.   Comparison 1 Volume vs. no treatment in very preterm infants, Outcome 5 P/IVH grade 3-4.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

Beverley 1985 5/38 10/42 100% 0.55[0.21,1.47]

   

Total (95% CI) 38 42 100% 0.55[0.21,1.47]

Total events: 5 (Volume), 10 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.19(P=0.24)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 1.6.   Comparison 1 Volume vs. no treatment in very preterm infants, Outcome 6 Death or severe P/IVH.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

1.6.1 Death or P/IVH grade 3-4 in infants randomised  

Beverley 1985 8/38 13/42 100% 0.68[0.32,1.46]

Subtotal (95% CI) 38 42 100% 0.68[0.32,1.46]

Total events: 8 (Volume), 13 (No treatment)  

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

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

   

1.6.2 Death or P/IVH grade 3-4 in infants examined  

NNNI 1996 115/408 51/203 100% 1.12[0.84,1.49]

Subtotal (95% CI) 408 203 100% 1.12[0.84,1.49]

Total events: 115 (Volume), 51 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.8(P=0.43)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment
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Analysis 1.7.   Comparison 1 Volume vs. no treatment in very preterm
infants, Outcome 7 Periventricular leucomalacia in survivors.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

1.7.1 PVL in all survivors  

Lundstrom 2000 0/10 0/9   Not estimable

Subtotal (95% CI) 10 9 Not estimable

Total events: 0 (Volume), 0 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.7.2 PVL in survivors examined  

NNNI 1996 25/266 20/147 100% 0.69[0.4,1.2]

Subtotal (95% CI) 266 147 100% 0.69[0.4,1.2]

Total events: 25 (Volume), 20 (No treatment)  

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

Test for overall effect: Z=1.31(P=0.19)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 1.8.   Comparison 1 Volume vs. no treatment in very preterm
infants, Outcome 8 Severe neurodevelopmental disability in survivors.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 45/399 29/205 100% 0.8[0.52,1.23]

   

Total (95% CI) 399 205 100% 0.8[0.52,1.23]

Total events: 45 (Volume), 29 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.02(P=0.31)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 1.9.   Comparison 1 Volume vs. no treatment in very preterm
infants, Outcome 9 Death or severe neuodevelopmental disability.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 164/518 82/258 100% 1[0.8,1.24]

   

Total (95% CI) 518 258 100% 1[0.8,1.24]

Total events: 164 (Volume), 82 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.97)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment
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Analysis 1.10.   Comparison 1 Volume vs. no treatment in very
preterm infants, Outcome 10 Cerebral palsy in survivors.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 40/399 27/205 100% 0.76[0.48,1.2]

   

Total (95% CI) 399 205 100% 0.76[0.48,1.2]

Total events: 40 (Volume), 27 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.17(P=0.24)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 1.11.   Comparison 1 Volume vs. no treatment in very preterm infants,
Outcome 11 Failed treatment (hypotension) in infants born 1990-1991.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 11/429 10/215 100% 0.55[0.24,1.28]

   

Total (95% CI) 429 215 100% 0.55[0.24,1.28]

Total events: 11 (Volume), 10 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.39(P=0.16)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 1.12.   Comparison 1 Volume vs. no treatment in
very preterm infants, Outcome 12 Patent ductus arteriosus.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

Beverley 1985 10/36 9/37 47.16% 1.14[0.53,2.48]

Ekblad 1991 18/21 9/17 52.84% 1.62[1,2.62]

   

Total (95% CI) 57 54 100% 1.39[0.91,2.14]

Total events: 28 (Volume), 18 (No treatment)  

Heterogeneity: Tau2=0; Chi2=0.63, df=1(P=0.43); I2=0%  

Test for overall effect: Z=1.52(P=0.13)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 1.13.   Comparison 1 Volume vs. no treatment in very preterm infants, Outcome 13 Pneumothorax.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

Beverley 1985 7/36 9/37 100% 0.8[0.33,1.92]

   

Total (95% CI) 36 37 100% 0.8[0.33,1.92]

Favours volume 100.1 50.2 20.5 1 Favours no treatment
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Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

Total events: 7 (Volume), 9 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.5(P=0.62)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 1.14.   Comparison 1 Volume vs. no treatment in
very preterm infants, Outcome 14 Necrotising enterocolitis.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 18/518 14/258 100% 0.64[0.32,1.27]

   

Total (95% CI) 518 258 100% 0.64[0.32,1.27]

Total events: 18 (Volume), 14 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.28(P=0.2)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 1.15.   Comparison 1 Volume vs. no treatment in very preterm infants, Outcome 15 Sepsis.

Study or subgroup Volume No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 93/518 36/258 100% 1.29[0.9,1.83]

   

Total (95% CI) 518 258 100% 1.29[0.9,1.83]

Total events: 93 (Volume), 36 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.39(P=0.16)  

Favours volume 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 1.16.   Comparison 1 Volume vs. no treatment in very preterm infants, Outcome 16 Change mean BP (%).

Study or subgroup Volume No treatment Mean Difference Weight Mean Difference

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

Lundstrom 2000 13 6.1 (32.8) 12 -0.7 (27.4) 100% 6.8[-16.83,30.43]

   

Total *** 13   12   100% 6.8[-16.83,30.43]

Heterogeneity: Not applicable  

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

  10050-100 -50 0  
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Analysis 1.17.   Comparison 1 Volume vs. no treatment in very
preterm infants, Outcome 17 Change leL ventricular output (%).

Study or subgroup Volume No treatment Mean Difference Weight Mean Difference

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

Lundstrom 2000 13 19.5 (72.6) 12 -7.1 (31.4) 100% 26.6[-16.68,69.88]

   

Total *** 13   12   100% 26.6[-16.68,69.88]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.2(P=0.23)  

  10050-100 -50 0  

 
 

Analysis 1.18.   Comparison 1 Volume vs. no treatment in very
preterm infants, Outcome 18 Change cerebral blood flow (%).

Study or subgroup Volume No treatment Mean Difference Weight Mean Difference

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

Lundstrom 2000 13 15.4 (37.2) 12 7.6 (33.2) 100% 7.8[-19.8,35.4]

   

Total *** 13   12   100% 7.8[-19.8,35.4]

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

Test for overall effect: Z=0.55(P=0.58)  

  10050-100 -50 0  

 
 

Comparison 2.   Colloid (albumin) vs. crystalloid (saline) in hypotensive infants

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Death 2 164 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.50, 2.06]

2 Any P/IVH 2 119 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.56, 1.61]

3 P/IVH grade 3-4 2 119 Risk Ratio (M-H, Fixed, 95% CI) 0.77 [0.30, 1.95]

4 Failed treatment 2 163 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.54, 1.07]

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

5.1 Oxygen at 28 days 1 63 Risk Ratio (M-H, Fixed, 95% CI) 1.36 [0.48, 3.82]

5.2 Oxygen or CPAP at 36-40
weeks

1 63 Risk Ratio (M-H, Fixed, 95% CI) 1.94 [0.38, 9.83]

6 Patent ductus arteriosus 1 63 Risk Ratio (M-H, Fixed, 95% CI) 1.08 [0.72, 1.61]

7 Necrotising enterocolitis 1 63 Risk Ratio (M-H, Fixed, 95% CI) 1.94 [0.38, 9.83]

8 Sepsis 1 63 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

9 Change mean BP (%) 1 102 Mean Difference (IV, Fixed, 95% CI) 9.90 [1.22, 18.58]

 
 

Analysis 2.1.   Comparison 2 Colloid (albumin) vs. crystalloid (saline) in hypotensive infants, Outcome 1 Death.

Study or subgroup Colloid Crystalloid Risk Ratio Weight Risk Ratio

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

Lynch 2008 6/49 8/52 60.45% 0.8[0.3,2.13]

So 1997 7/32 5/31 39.55% 1.36[0.48,3.82]

   

Total (95% CI) 81 83 100% 1.02[0.5,2.06]

Total events: 13 (Colloid), 13 (Crystalloid)  

Heterogeneity: Tau2=0; Chi2=0.53, df=1(P=0.46); I2=0%  

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

Favours colloid 100.1 50.2 20.5 1 Favours crystalloid

 
 

Analysis 2.2.   Comparison 2 Colloid (albumin) vs. crystalloid (saline) in hypotensive infants, Outcome 2 Any P/IVH.

Study or subgroup Colloid Crystalloid Risk Ratio Weight Risk Ratio

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

Lynch 2008 7/25 14/31 63.74% 0.62[0.3,1.3]

So 1997 11/32 7/31 36.26% 1.52[0.68,3.42]

   

Total (95% CI) 57 62 100% 0.95[0.56,1.61]

Total events: 18 (Colloid), 21 (Crystalloid)  

Heterogeneity: Tau2=0; Chi2=2.59, df=1(P=0.11); I2=61.34%  

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

Favours colloid 100.1 50.2 20.5 1 Favours crystalloid

 
 

Analysis 2.3.   Comparison 2 Colloid (albumin) vs. crystalloid
(saline) in hypotensive infants, Outcome 3 P/IVH grade 3-4.

Study or subgroup Colloid Crystalloid Risk Ratio Weight Risk Ratio

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

Lynch 2008 2/25 7/31 67.22% 0.35[0.08,1.56]

So 1997 5/32 3/31 32.78% 1.61[0.42,6.19]

   

Total (95% CI) 57 62 100% 0.77[0.3,1.95]

Total events: 7 (Colloid), 10 (Crystalloid)  

Heterogeneity: Tau2=0; Chi2=2.22, df=1(P=0.14); I2=55.05%  

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

Favours colloid 100.1 50.2 20.5 1 Favours crystalloid
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Analysis 2.4.   Comparison 2 Colloid (albumin) vs. crystalloid
(saline) in hypotensive infants, Outcome 4 Failed treatment.

Study or subgroup Colloid Crystalloid Risk Ratio Weight Risk Ratio

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

Lynch 2008 12/49 23/51 55.21% 0.54[0.3,0.97]

So 1997 19/32 18/31 44.79% 1.02[0.68,1.55]

   

Total (95% CI) 81 82 100% 0.76[0.54,1.07]

Total events: 31 (Colloid), 41 (Crystalloid)  

Heterogeneity: Tau2=0; Chi2=3.29, df=1(P=0.07); I2=69.6%  

Test for overall effect: Z=1.57(P=0.12)  

Favours colloid 100.1 50.2 20.5 1 Favours crystalloid

 
 

Analysis 2.5.   Comparison 2 Colloid (albumin) vs. crystalloid
(saline) in hypotensive infants, Outcome 5 Chronic lung disease.

Study or subgroup Colloid Crystalloid Risk Ratio Weight Risk Ratio

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

2.5.1 Oxygen at 28 days  

So 1997 7/32 5/31 100% 1.36[0.48,3.82]

Subtotal (95% CI) 32 31 100% 1.36[0.48,3.82]

Total events: 7 (Colloid), 5 (Crystalloid)  

Heterogeneity: Not applicable  

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

   

2.5.2 Oxygen or CPAP at 36-40 weeks  

So 1997 4/32 2/31 100% 1.94[0.38,9.83]

Subtotal (95% CI) 32 31 100% 1.94[0.38,9.83]

Total events: 4 (Colloid), 2 (Crystalloid)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.8(P=0.42)  

Favours colloid 100.1 50.2 20.5 1 Favours crystalloid

 
 

Analysis 2.6.   Comparison 2 Colloid (albumin) vs. crystalloid
(saline) in hypotensive infants, Outcome 6 Patent ductus arteriosus.

Study or subgroup Colloid Crystalloid Risk Ratio Weight Risk Ratio

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

So 1997 20/32 18/31 100% 1.08[0.72,1.61]

   

Total (95% CI) 32 31 100% 1.08[0.72,1.61]

Total events: 20 (Colloid), 18 (Crystalloid)  

Heterogeneity: Not applicable  

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

Favours colloid 100.1 50.2 20.5 1 Favours crystalloid
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Analysis 2.7.   Comparison 2 Colloid (albumin) vs. crystalloid
(saline) in hypotensive infants, Outcome 7 Necrotising enterocolitis.

Study or subgroup Colloid Crystalloid Risk Ratio Weight Risk Ratio

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

So 1997 4/32 2/31 100% 1.94[0.38,9.83]

   

Total (95% CI) 32 31 100% 1.94[0.38,9.83]

Total events: 4 (Colloid), 2 (Crystalloid)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.8(P=0.42)  

Favours colloid 100.1 50.2 20.5 1 Favours crystalloid

 
 

Analysis 2.8.   Comparison 2 Colloid (albumin) vs. crystalloid (saline) in hypotensive infants, Outcome 8 Sepsis.

Study or subgroup Colloid Crystalloid Risk Ratio Weight Risk Ratio

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

So 1997 0/32 0/31   Not estimable

   

Total (95% CI) 32 31 Not estimable

Total events: 0 (Colloid), 0 (Crystalloid)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours colloid 100.1 50.2 20.5 1 Favours crystalloid

 
 

Analysis 2.9.   Comparison 2 Colloid (albumin) vs. crystalloid
(saline) in hypotensive infants, Outcome 9 Change mean BP (%).

Study or subgroup Albumin Saline Mean Difference Weight Mean Difference

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

Lynch 2008 49 24.4 (27.3) 53 14.5 (15.3) 100% 9.9[1.22,18.58]

   

Total *** 49   53   100% 9.9[1.22,18.58]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.23(P=0.03)  

Favours control 10050-100 -50 0 Favours treatment

 
 

Comparison 3.   Albumin vs. no treatment in normotensive infants

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Death 1 25 Risk Ratio (M-H, Fixed, 95% CI) 0.92 [0.23, 3.72]

2 Periventricular leucomalacia in sur-
vivors

1 19 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

3 Change mean BP (%) 1 25 Mean Difference (IV, Fixed, 95%
CI)

6.8 [-16.83, 30.43]

4 Change leE ventricular output (%) 1 25 Mean Difference (IV, Fixed, 95%
CI)

26.6 [-16.68, 69.88]

5 Change cerebral blood flow (%) 1 25 Mean Difference (IV, Fixed, 95%
CI)

7.8 [-19.80, 35.40]

 
 

Analysis 3.1.   Comparison 3 Albumin vs. no treatment in normotensive infants, Outcome 1 Death.

Study or subgroup Albumin No treatment Risk Ratio Weight Risk Ratio

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

Lundstrom 2000 3/13 3/12 100% 0.92[0.23,3.72]

   

Total (95% CI) 13 12 100% 0.92[0.23,3.72]

Total events: 3 (Albumin), 3 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.11(P=0.91)  

Favours albumin 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 3.2.   Comparison 3 Albumin vs. no treatment in normotensive
infants, Outcome 2 Periventricular leucomalacia in survivors.

Study or subgroup Albumin No treatment Risk Ratio Weight Risk Ratio

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

Lundstrom 2000 0/10 0/9   Not estimable

   

Total (95% CI) 10 9 Not estimable

Total events: 0 (Albumin), 0 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours albumin 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 3.3.   Comparison 3 Albumin vs. no treatment in normotensive infants, Outcome 3 Change mean BP (%).

Study or subgroup Albumin No treatment Mean Difference Weight Mean Difference

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

Lundstrom 2000 13 6.1 (32.8) 12 -0.7 (27.4) 100% 6.8[-16.83,30.43]

   

Total *** 13   12   100% 6.8[-16.83,30.43]

Heterogeneity: Not applicable  

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

  10050-100 -50 0  
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Analysis 3.4.   Comparison 3 Albumin vs. no treatment in
normotensive infants, Outcome 4 Change leL ventricular output (%).

Study or subgroup     Mean Difference Weight Mean Difference

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

Lundstrom 2000 13 19.5 (72.6) 12 -7.1 (31.4) 100% 26.6[-16.68,69.88]

   

Total *** 13   12   100% 26.6[-16.68,69.88]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.2(P=0.23)  

  10050-100 -50 0  

 
 

Analysis 3.5.   Comparison 3 Albumin vs. no treatment in
normotensive infants, Outcome 5 Change cerebral blood flow (%).

Study or subgroup Albumin No treatment Mean Difference Weight Mean Difference

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

Lundstrom 2000 13 15.4 (37.2) 12 7.6 (33.2) 100% 7.8[-19.8,35.4]

   

Total *** 13   12   100% 7.8[-19.8,35.4]

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

Test for overall effect: Z=0.55(P=0.58)  

  10050-100 -50 0  

 
 

Comparison 4.   Fresh frozen plasma vs. no treatment in very preterm infants

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Death 3 654 Risk Ratio (M-H, Fixed, 95% CI) 1.05 [0.81, 1.36]

2 Any P/IVH 3   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 Any P/IVH in infants ran-
domised

2 120 Risk Ratio (M-H, Fixed, 95% CI) 0.58 [0.30, 1.11]

2.2 Any P/IVH in survivors
examined

1 282 Risk Ratio (M-H, Fixed, 95% CI) 1.20 [0.83, 1.74]

3 P/IVH grade 2-4 2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

3.1 P/IVH grade 2-4 in in-
fants randomised

1 80 Risk Ratio (M-H, Fixed, 95% CI) 0.43 [0.17, 1.08]

3.2 P/IVH grade 2-4 in sur-
vivors examined

1 282 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.45, 1.95]

4 P/IVH grade 3-4 1 80 Risk Ratio (M-H, Fixed, 95% CI) 0.55 [0.21, 1.47]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

5 Death or P/IVH 2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

5.1 Death or P/IVH in infants
randomised

1 80 Risk Ratio (M-H, Fixed, 95% CI) 0.55 [0.30, 1.03]

5.2 Death or P/IVHin infants
examined

1 404 Risk Ratio (M-H, Fixed, 95% CI) 1.06 [0.83, 1.37]

6 Death or P/IVH grade 3-4 2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

6.1 Death or P/IVH grade 3-4
in infants randomised

1 80 Risk Ratio (M-H, Fixed, 95% CI) 0.68 [0.32, 1.46]

6.2 Death or P/IVH grade 3-4
in infants examined

1 404 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.72, 1.41]

7 Periventricular leucoma-
lacia in survivors examined

1 282 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.40, 1.45]

8 Severe neurodevelopmen-
tal disability in survivors

1 408 Risk Ratio (M-H, Fixed, 95% CI) 0.80 [0.48, 1.34]

9 Death or severe neuode-
velopmental disability

1 515 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.73, 1.22]

10 Cerebral palsy in sur-
vivors

1 408 Risk Ratio (M-H, Fixed, 95% CI) 0.79 [0.46, 1.34]

11 Failed treatment (hy-
potension) in infants born
1990-1991

1 428 Risk Ratio (M-H, Fixed, 95% CI) 0.71 [0.27, 1.82]

12 Patent ductus arteriosus 2 111 Risk Ratio (M-H, Fixed, 95% CI) 1.39 [0.91, 2.14]

13 Pneumothorax 1 73 Risk Ratio (M-H, Fixed, 95% CI) 0.80 [0.33, 1.92]

14 Necrotising enterocolitis 1 515 Risk Ratio (M-H, Fixed, 95% CI) 0.22 [0.06, 0.74]

15 Sepsis 1 515 Risk Ratio (M-H, Fixed, 95% CI) 1.65 [1.13, 2.40]

 
 

Analysis 4.1.   Comparison 4 Fresh frozen plasma vs. no treatment in very preterm infants, Outcome 1 Death.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

Beverley 1985 7/38 8/42 10.16% 0.97[0.39,2.41]

Gottuso 1976 20/26 23/33 27.11% 1.1[0.81,1.5]

NNNI 1996 49/257 47/258 62.73% 1.05[0.73,1.5]

   

Total (95% CI) 321 333 100% 1.05[0.81,1.36]

Favours FFP 100.1 50.2 20.5 1 Favours no treatment
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Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

Total events: 76 (FFP), 78 (No treatment)  

Heterogeneity: Tau2=0; Chi2=0.12, df=2(P=0.94); I2=0%  

Test for overall effect: Z=0.4(P=0.69)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 4.2.   Comparison 4 Fresh frozen plasma vs. no treatment in very preterm infants, Outcome 2 Any P/IVH.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

4.2.1 Any P/IVH in infants randomised  

Beverley 1985 7/38 17/42 83.68% 0.46[0.21,0.98]

Ekblad 1991 4/21 3/19 16.32% 1.21[0.31,4.71]

Subtotal (95% CI) 59 61 100% 0.58[0.3,1.11]

Total events: 11 (FFP), 20 (No treatment)  

Heterogeneity: Tau2=0; Chi2=1.5, df=1(P=0.22); I2=33.23%  

Test for overall effect: Z=1.65(P=0.1)  

   

4.2.2 Any P/IVH in survivors examined  

NNNI 1996 42/135 38/147 100% 1.2[0.83,1.74]

Subtotal (95% CI) 135 147 100% 1.2[0.83,1.74]

Total events: 42 (FFP), 38 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.98(P=0.33)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 4.3.   Comparison 4 Fresh frozen plasma vs. no
treatment in very preterm infants, Outcome 3 P/IVH grade 2-4.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

4.3.1 P/IVH grade 2-4 in infants randomised  

Beverley 1985 5/38 13/42 100% 0.43[0.17,1.08]

Subtotal (95% CI) 38 42 100% 0.43[0.17,1.08]

Total events: 5 (FFP), 13 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.8(P=0.07)  

   

4.3.2 P/IVH grade 2-4 in survivors examined  

NNNI 1996 12/135 14/147 100% 0.93[0.45,1.95]

Subtotal (95% CI) 135 147 100% 0.93[0.45,1.95]

Total events: 12 (FFP), 14 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.18(P=0.85)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment
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Analysis 4.4.   Comparison 4 Fresh frozen plasma vs. no
treatment in very preterm infants, Outcome 4 P/IVH grade 3-4.

Study or subgroup FFP Control Risk Ratio Weight Risk Ratio

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

Beverley 1985 5/38 10/42 100% 0.55[0.21,1.47]

   

Total (95% CI) 38 42 100% 0.55[0.21,1.47]

Total events: 5 (FFP), 10 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.19(P=0.24)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 4.5.   Comparison 4 Fresh frozen plasma vs. no
treatment in very preterm infants, Outcome 5 Death or P/IVH.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

4.5.1 Death or P/IVH in infants randomised  

Beverley 1985 10/38 20/42 100% 0.55[0.3,1.03]

Subtotal (95% CI) 38 42 100% 0.55[0.3,1.03]

Total events: 10 (FFP), 20 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.88(P=0.06)  

   

4.5.2 Death or P/IVHin infants examined  

NNNI 1996 78/201 74/203 100% 1.06[0.83,1.37]

Subtotal (95% CI) 201 203 100% 1.06[0.83,1.37]

Total events: 78 (FFP), 74 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.49(P=0.63)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 4.6.   Comparison 4 Fresh frozen plasma vs. no treatment
in very preterm infants, Outcome 6 Death or P/IVH grade 3-4.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

4.6.1 Death or P/IVH grade 3-4 in infants randomised  

Beverley 1985 8/38 13/42 100% 0.68[0.32,1.46]

Subtotal (95% CI) 38 42 100% 0.68[0.32,1.46]

Total events: 8 (FFP), 13 (No treatment)  

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

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

   

4.6.2 Death or P/IVH grade 3-4 in infants examined  

NNNI 1996 51/201 51/203 100% 1.01[0.72,1.41]

Subtotal (95% CI) 201 203 100% 1.01[0.72,1.41]

Total events: 51 (FFP), 51 (No treatment)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment
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Study or subgroup FFP No treatment 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=0.06(P=0.95)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 4.7.   Comparison 4 Fresh frozen plasma vs. no treatment in very
preterm infants, Outcome 7 Periventricular leucomalacia in survivors examined.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 14/135 20/147 100% 0.76[0.4,1.45]

   

Total (95% CI) 135 147 100% 0.76[0.4,1.45]

Total events: 14 (FFP), 20 (No treatment)  

Heterogeneity: Not applicable  

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

Favours FFP 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 4.8.   Comparison 4 Fresh frozen plasma vs. no treatment in very
preterm infants, Outcome 8 Severe neurodevelopmental disability in survivors.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 23/203 29/205 100% 0.8[0.48,1.34]

   

Total (95% CI) 203 205 100% 0.8[0.48,1.34]

Total events: 23 (FFP), 29 (No treatment)  

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

Test for overall effect: Z=0.85(P=0.4)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 4.9.   Comparison 4 Fresh frozen plasma vs. no treatment in very
preterm infants, Outcome 9 Death or severe neuodevelopmental disability.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 77/257 82/258 100% 0.94[0.73,1.22]

   

Total (95% CI) 257 258 100% 0.94[0.73,1.22]

Total events: 77 (FFP), 82 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.45(P=0.65)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment
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Analysis 4.10.   Comparison 4 Fresh frozen plasma vs. no treatment
in very preterm infants, Outcome 10 Cerebral palsy in survivors.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 21/203 27/205 100% 0.79[0.46,1.34]

   

Total (95% CI) 203 205 100% 0.79[0.46,1.34]

Total events: 21 (FFP), 27 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.88(P=0.38)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 4.11.   Comparison 4 Fresh frozen plasma vs. no treatment in very preterm
infants, Outcome 11 Failed treatment (hypotension) in infants born 1990-1991.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 7/213 10/215 100% 0.71[0.27,1.82]

   

Total (95% CI) 213 215 100% 0.71[0.27,1.82]

Total events: 7 (FFP), 10 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.72(P=0.47)  

Favours FPP 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 4.12.   Comparison 4 Fresh frozen plasma vs. no treatment
in very preterm infants, Outcome 12 Patent ductus arteriosus.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

Beverley 1985 10/36 9/37 47.16% 1.14[0.53,2.48]

Ekblad 1991 18/21 9/17 52.84% 1.62[1,2.62]

   

Total (95% CI) 57 54 100% 1.39[0.91,2.14]

Total events: 28 (FFP), 18 (No treatment)  

Heterogeneity: Tau2=0; Chi2=0.63, df=1(P=0.43); I2=0%  

Test for overall effect: Z=1.52(P=0.13)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 4.13.   Comparison 4 Fresh frozen plasma vs. no
treatment in very preterm infants, Outcome 13 Pneumothorax.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

Beverley 1985 7/36 9/37 100% 0.8[0.33,1.92]

   

Favours FFP 100.1 50.2 20.5 1 Favours no treatment
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Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

Total (95% CI) 36 37 100% 0.8[0.33,1.92]

Total events: 7 (FFP), 9 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.5(P=0.62)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 4.14.   Comparison 4 Fresh frozen plasma vs. no treatment
in very preterm infants, Outcome 14 Necrotising enterocolitis.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 3/257 14/258 100% 0.22[0.06,0.74]

   

Total (95% CI) 257 258 100% 0.22[0.06,0.74]

Total events: 3 (FFP), 14 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.44(P=0.01)  

Favours FFP 50.2 20.5 1 Favours no treatment

 
 

Analysis 4.15.   Comparison 4 Fresh frozen plasma vs. no treatment in very preterm infants, Outcome 15 Sepsis.

Study or subgroup FFP No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 59/257 36/258 100% 1.65[1.13,2.4]

   

Total (95% CI) 257 258 100% 1.65[1.13,2.4]

Total events: 59 (FFP), 36 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.59(P=0.01)  

Favours FFP 100.1 50.2 20.5 1 Favours no treatment

 
 

Comparison 5.   Gelatin vs. no treatment in very preterm infants

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Death 1 519 Risk Ratio (M-H, Fixed, 95% CI) 1.22 [0.86, 1.72]

2 Any P/IVH in survivors examined 1 278 Risk Ratio (M-H, Fixed, 95% CI) 0.89 [0.58, 1.34]

3 P/IVH grade 2-4 in survivors ex-
amined

1 278 Risk Ratio (M-H, Fixed, 95% CI) 1.12 [0.56, 2.27]

4 Death or P/IVH in infants exam-
ined

1 410 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.78, 1.30]

Early volume expansion for prevention of morbidity and mortality in very preterm infants (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

39



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

5 Death or P/IVH grade 3-4 in in-
fants examined

1 410 Risk Ratio (M-H, Fixed, 95% CI) 1.23 [0.90, 1.68]

6 Periventricular leucomalacia in
survivors examined

1 278 Risk Ratio (M-H, Fixed, 95% CI) 0.62 [0.31, 1.24]

7 Severe neurodevelopmental
disability in survivors

1 401 Risk Ratio (M-H, Fixed, 95% CI) 0.79 [0.47, 1.33]

8 Death or severe neuodevelop-
mental disability

1 519 Risk Ratio (M-H, Fixed, 95% CI) 1.05 [0.82, 1.34]

9 Cerebral palsy in survivors 1 401 Risk Ratio (M-H, Fixed, 95% CI) 0.74 [0.42, 1.28]

10 Failed treatment (hypoten-
sion) in infants born 1990-1991

1 431 Risk Ratio (M-H, Fixed, 95% CI) 0.40 [0.13, 1.25]

11 Necrotising enterocolitis 1 519 Risk Ratio (M-H, Fixed, 95% CI) 1.06 [0.52, 2.15]

12 Sepsis 1 519 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.60, 1.44]

 
 

Analysis 5.1.   Comparison 5 Gelatin vs. no treatment in very preterm infants, Outcome 1 Death.

Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 58/261 47/258 100% 1.22[0.86,1.72]

   

Total (95% CI) 261 258 100% 1.22[0.86,1.72]

Total events: 58 (Gelatin), 47 (No treatment)  

Heterogeneity: Not applicable  

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

Favours gelatin 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 5.2.   Comparison 5 Gelatin vs. no treatment in very
preterm infants, Outcome 2 Any P/IVH in survivors examined.

Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 30/131 38/147 100% 0.89[0.58,1.34]

   

Total (95% CI) 131 147 100% 0.89[0.58,1.34]

Total events: 30 (Gelatin), 38 (No treatment)  

Heterogeneity: Not applicable  

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

Favours gelatin 100.1 50.2 20.5 1 Favours no treatment
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Analysis 5.3.   Comparison 5 Gelatin vs. no treatment in very
preterm infants, Outcome 3 P/IVH grade 2-4 in survivors examined.

Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 14/131 14/147 100% 1.12[0.56,2.27]

   

Total (95% CI) 131 147 100% 1.12[0.56,2.27]

Total events: 14 (Gelatin), 14 (No treatment)  

Heterogeneity: Not applicable  

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

Favours gelatin 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 5.4.   Comparison 5 Gelatin vs. no treatment in very
preterm infants, Outcome 4 Death or P/IVH in infants examined.

Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 76/207 74/203 100% 1.01[0.78,1.3]

   

Total (95% CI) 207 203 100% 1.01[0.78,1.3]

Total events: 76 (Gelatin), 74 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.06(P=0.96)  

Favours gelatin 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 5.5.   Comparison 5 Gelatin vs. no treatment in very preterm
infants, Outcome 5 Death or P/IVH grade 3-4 in infants examined.

Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 64/207 51/203 100% 1.23[0.9,1.68]

   

Total (95% CI) 207 203 100% 1.23[0.9,1.68]

Total events: 64 (Gelatin), 51 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.3(P=0.19)  

Favours gelatin 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 5.6.   Comparison 5 Gelatin vs. no treatment in very preterm
infants, Outcome 6 Periventricular leucomalacia in survivors examined.

Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 11/131 20/147 100% 0.62[0.31,1.24]

   

Favours gelatin 100.1 50.2 20.5 1 Favours no treatment
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Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

Total (95% CI) 131 147 100% 0.62[0.31,1.24]

Total events: 11 (Gelatin), 20 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.36(P=0.17)  

Favours gelatin 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 5.7.   Comparison 5 Gelatin vs. no treatment in very preterm
infants, Outcome 7 Severe neurodevelopmental disability in survivors.

Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 22/196 29/205 100% 0.79[0.47,1.33]

   

Total (95% CI) 196 205 100% 0.79[0.47,1.33]

Total events: 22 (Gelatin), 29 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.87(P=0.38)  

Favours gelatin 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 5.8.   Comparison 5 Gelatin vs. no treatment in very preterm
infants, Outcome 8 Death or severe neuodevelopmental disability.

Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 87/261 82/258 100% 1.05[0.82,1.34]

   

Total (95% CI) 261 258 100% 1.05[0.82,1.34]

Total events: 87 (Gelatin), 82 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.38(P=0.71)  

Favours gelatin 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 5.9.   Comparison 5 Gelatin vs. no treatment in very preterm infants, Outcome 9 Cerebral palsy in survivors.

Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 19/196 27/205 100% 0.74[0.42,1.28]

   

Total (95% CI) 196 205 100% 0.74[0.42,1.28]

Total events: 19 (Gelatin), 27 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.09(P=0.28)  

Favours gelatin 100.1 50.2 20.5 1 Favours control
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Analysis 5.10.   Comparison 5 Gelatin vs. no treatment in very preterm infants,
Outcome 10 Failed treatment (hypotension) in infants born 1990-1991.

Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 4/216 10/215 100% 0.4[0.13,1.25]

   

Total (95% CI) 216 215 100% 0.4[0.13,1.25]

Total events: 4 (Gelatin), 10 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.58(P=0.11)  

Favours gelatin 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 5.11.   Comparison 5 Gelatin vs. no treatment in very preterm infants, Outcome 11 Necrotising enterocolitis.

Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 15/261 14/258 100% 1.06[0.52,2.15]

   

Total (95% CI) 261 258 100% 1.06[0.52,2.15]

Total events: 15 (Gelatin), 14 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.16(P=0.87)  

Favours gelatin 100.1 50.2 20.5 1 Favours no treatment

 
 

Analysis 5.12.   Comparison 5 Gelatin vs. no treatment in very preterm infants, Outcome 12 Sepsis.

Study or subgroup Gelatin No treatment Risk Ratio Weight Risk Ratio

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

NNNI 1996 34/261 36/258 100% 0.93[0.6,1.44]

   

Total (95% CI) 261 258 100% 0.93[0.6,1.44]

Total events: 34 (Gelatin), 36 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.31(P=0.76)  

Favours gelatin 100.1 50.2 20.5 1 Favours no treatment

 
 

Comparison 6.   Gelatin vs. fresh frozen plasma in very preterm infants

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Death 1 518 Risk Ratio (M-H, Fixed, 95% CI) 1.17 [0.83, 1.64]

2 Any P/IVH in survivors examined 1 266 Risk Ratio (M-H, Fixed, 95% CI) 0.74 [0.49, 1.10]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

3 P/IVH grade 2-4 in survivors ex-
amined

1 266 Risk Ratio (M-H, Fixed, 95% CI) 1.20 [0.58, 2.50]

4 Death or P/IVH in infants exam-
ined

1 408 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.74, 1.21]

5 Death or P/IVH grade 3-4 in in-
fants examined

1 408 Risk Ratio (M-H, Fixed, 95% CI) 1.22 [0.89, 1.67]

6 Periventricular leucomalacia in
survivors examined

1 266 Risk Ratio (M-H, Fixed, 95% CI) 0.81 [0.38, 1.72]

7 Severe neurodevelopmental
disability in survivors

1 399 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.57, 1.72]

8 Death or severe neuodevelop-
mental disability

1 518 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.86, 1.43]

9 Cerebral palsy in survivors 1 399 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.52, 1.69]

10 Failed treatment (hypoten-
sion) in infants born 1990-1991

1 429 Risk Ratio (M-H, Fixed, 95% CI) 0.56 [0.17, 1.90]

11 Necrotising enterocolitis 1 518 Risk Ratio (M-H, Fixed, 95% CI) 4.92 [1.44, 16.80]

12 Sepsis 1 518 Risk Ratio (M-H, Fixed, 95% CI) 0.57 [0.39, 0.83]

 
 

Analysis 6.1.   Comparison 6 Gelatin vs. fresh frozen plasma in very preterm infants, Outcome 1 Death.

Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

NNNI 1996 58/261 49/257 100% 1.17[0.83,1.64]

   

Total (95% CI) 261 257 100% 1.17[0.83,1.64]

Total events: 58 (Gelatin), 49 (FFP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.89(P=0.38)  

Favours gelatin 100.1 50.2 20.5 1 Favours FFP

 
 

Analysis 6.2.   Comparison 6 Gelatin vs. fresh frozen plasma in
very preterm infants, Outcome 2 Any P/IVH in survivors examined.

Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

NNNI 1996 30/131 42/135 100% 0.74[0.49,1.1]

   

Favours gelatin 100.1 50.2 20.5 1 Favours FFP
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Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

Total (95% CI) 131 135 100% 0.74[0.49,1.1]

Total events: 30 (Gelatin), 42 (FFP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.49(P=0.14)  

Favours gelatin 100.1 50.2 20.5 1 Favours FFP

 
 

Analysis 6.3.   Comparison 6 Gelatin vs. fresh frozen plasma in very
preterm infants, Outcome 3 P/IVH grade 2-4 in survivors examined.

Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

NNNI 1996 14/131 12/135 100% 1.2[0.58,2.5]

   

Total (95% CI) 131 135 100% 1.2[0.58,2.5]

Total events: 14 (Gelatin), 12 (FFP)  

Heterogeneity: Not applicable  

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

Favours gelatin 100.1 50.2 20.5 1 Favours FFP

 
 

Analysis 6.4.   Comparison 6 Gelatin vs. fresh frozen plasma in very
preterm infants, Outcome 4 Death or P/IVH in infants examined.

Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

NNNI 1996 76/207 78/201 100% 0.95[0.74,1.21]

   

Total (95% CI) 207 201 100% 0.95[0.74,1.21]

Total events: 76 (Gelatin), 78 (FFP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.44(P=0.66)  

Favours gelatin 100.1 50.2 20.5 1 Favours FFP

 
 

Analysis 6.5.   Comparison 6 Gelatin vs. fresh frozen plasma in very
preterm infants, Outcome 5 Death or P/IVH grade 3-4 in infants examined.

Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

NNNI 1996 64/207 51/201 100% 1.22[0.89,1.67]

   

Total (95% CI) 207 201 100% 1.22[0.89,1.67]

Total events: 64 (Gelatin), 51 (FFP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.24(P=0.22)  

Favours gelatin 100.1 50.2 20.5 1 Favours FFP
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Analysis 6.6.   Comparison 6 Gelatin vs. fresh frozen plasma in very preterm
infants, Outcome 6 Periventricular leucomalacia in survivors examined.

Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

NNNI 1996 11/131 14/135 100% 0.81[0.38,1.72]

   

Total (95% CI) 131 135 100% 0.81[0.38,1.72]

Total events: 11 (Gelatin), 14 (FFP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.55(P=0.58)  

Favours Gelatin 100.1 50.2 20.5 1 Favours FFP

 
 

Analysis 6.7.   Comparison 6 Gelatin vs. fresh frozen plasma in very preterm
infants, Outcome 7 Severe neurodevelopmental disability in survivors.

Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

NNNI 1996 22/196 23/203 100% 0.99[0.57,1.72]

   

Total (95% CI) 196 203 100% 0.99[0.57,1.72]

Total events: 22 (Gelatin), 23 (FFP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.97)  

Favours gelatin 100.1 50.2 20.5 1 Favours FFP

 
 

Analysis 6.8.   Comparison 6 Gelatin vs. fresh frozen plasma in very
preterm infants, Outcome 8 Death or severe neuodevelopmental disability.

Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

NNNI 1996 87/261 77/257 100% 1.11[0.86,1.43]

   

Total (95% CI) 261 257 100% 1.11[0.86,1.43]

Total events: 87 (Gelatin), 77 (FFP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.82(P=0.41)  

Favours gelatin 100.1 50.2 20.5 1 Favours FFP

 
 

Analysis 6.9.   Comparison 6 Gelatin vs. fresh frozen plasma in
very preterm infants, Outcome 9 Cerebral palsy in survivors.

Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

NNNI 1996 19/196 21/203 100% 0.94[0.52,1.69]

Favours gelatin 100.1 50.2 20.5 1 Favours FFP
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Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

   

Total (95% CI) 196 203 100% 0.94[0.52,1.69]

Total events: 19 (Gelatin), 21 (FFP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.22(P=0.83)  

Favours gelatin 100.1 50.2 20.5 1 Favours FFP

 
 

Analysis 6.10.   Comparison 6 Gelatin vs. fresh frozen plasma in very preterm
infants, Outcome 10 Failed treatment (hypotension) in infants born 1990-1991.

Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

NNNI 1996 4/216 7/213 100% 0.56[0.17,1.9]

   

Total (95% CI) 216 213 100% 0.56[0.17,1.9]

Total events: 4 (Gelatin), 7 (FFP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.93(P=0.35)  

Favours gelatin 100.1 50.2 20.5 1 Favours FFP

 
 

Analysis 6.11.   Comparison 6 Gelatin vs. fresh frozen plasma
in very preterm infants, Outcome 11 Necrotising enterocolitis.

Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

NNNI 1996 15/261 3/257 100% 4.92[1.44,16.8]

   

Total (95% CI) 261 257 100% 4.92[1.44,16.8]

Total events: 15 (Gelatin), 3 (FFP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.55(P=0.01)  

Favours gelatin 1000.01 100.1 1 Favours FFP

 
 

Analysis 6.12.   Comparison 6 Gelatin vs. fresh frozen plasma in very preterm infants, Outcome 12 Sepsis.

Study or subgroup Gelatin FFP Risk Ratio Weight Risk Ratio

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

NNNI 1996 34/261 59/257 100% 0.57[0.39,0.83]

   

Total (95% CI) 261 257 100% 0.57[0.39,0.83]

Total events: 34 (Gelatin), 59 (FFP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.88(P=0)  

Favours gelatin 100.1 50.2 20.5 1 Favours FFP
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Date Event Description

13 May 2009 Amended Minor amendment - Gaissmaier reference added.

 

H I S T O R Y

Protocol first published: Issue 2, 2000
Review first published: Issue 2, 2001

 

Date Event Description

31 July 2008 New search has been performed This review is an update of the existing review "Early volume
expansion for prevention of morbidity and mortality in very
preterm infants", published in the Cochrane Database of System-
atic Reviews, Issue 2, 2004 (Osborn 2004).

Our updated literature search found a publication of study pre-
viously reported in abstract form only. Several studies did not
meet eligibility criteria.

Background updated and review updated to include outcomes
from new publication.

No changes in conclusions.

20 April 2008 Amended Converted to new review format.

6 February 2004 New citation required but conclusions
have not changed

This review is an update of the existing review "Early volume
expansion for prevention of morbidity and mortality in very
preterm infants", published in The Cochrane Library, Issue 3,
2001 (Osborn 2001). 

New information added includes identification of one new eligi-
ble study (Lynch 2002) comparing albumin and saline. Updated
searches identified several studies that did not meet inclusion
criteria. Data from one unpublished study (Wright 1995) have still
not been obtainable from author.
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