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Fluid resuscitation with colloid or crystalloid solutions in
critically ill patients: a systematic review of randomised
trials
Gill Schierhout, Ian Roberts

Abstract
Objective: To determine the effect on mortality of
resuscitation with colloid solutions compared with
resuscitation with crystalloids.
Design: Systematic review of randomised controlled
trials of resuscitation with colloids compared with
crystalloids for volume replacement of critically ill
patients; analysis stratified according to patient type
and quality of allocation concealment.
Subjects: 37 randomised controlled trials were
eligible, of which 26 unconfounded trials compared
colloids with crystalloids (n = 1622). (The 10 trials that
compared colloid in hypertonic crystalloid with
isotonic crystalloid (n = 1422) and one trial that
compared colloid in isotonic crystalloid with
hypertonic crystalloid (n = 38) are described in the
longer version on our website www.bmj.com).
Main outcome measures: Mortality from all causes at
end of follow up for each trial.
Results: Resuscitation with colloids was associated
with an increased absolute risk of mortality of 4%
(95% confidence interval 0% to 8%), or four extra
deaths for every 100 patients resuscitated. The
summary effect measure shifted towards increased
mortality with colloids when only trials with adequate
concealment of allocation were included. There was
no evidence for differences in effect among patients
with different types of injury that required fluid
resuscitation.
Conclusions: This systematic review does not support
the continued use of colloids for volume replacement
in critically ill patients.

Introduction
Fluid resuscitation for hypovolaemia is integral to the
acute medical management of critically ill patients.
Although recent studies have suggested that the timing
of volume replacement deserves careful considera-
tion,1 when it comes to selecting the resuscitation fluid
doctors are faced with a range of options. At the most
basic level the choice is between a colloid or crystalloid
solution. Colloids are widely used, having been recom-
mended in a number of resuscitation guidelines and
intensive care management algorithms.2 3 The Ameri-
can hospital consortium guidelines recommend that

colloids are used in haemorrhagic shock until blood
products become available and in non-haemorrhagic
shock after an initial infusion with crystalloid. A 1995
survey of American academic health centres, however,
found that the use of colloids far exceeded these
recommendations.4 Surveys of burn care in the United
States5 and Australia6 found that the use of colloids for
resuscitation varied without a set pattern. The choice of
fluid has considerable cost implications: volume
replacement with colloids is considerably more expen-
sive than with crystalloids.

Clinical studies have shown that colloids and
crystalloids have different effects on a range of impor-
tant physiological parameters. Because of these differ-
ences, mortality from all causes is arguably the most
clinically relevant outcome measure in randomised
trials comparing the two fluid types. Although there
have been meta-analyses of mortality in randomised
trials comparing colloids and crystalloids,7 8 neither of
these satisfies the criteria that have been proposed for
systematic reviews9 and they predate most of the trials
that have been conducted with synthetic colloids and
hypertonic crystalloid solutions. The purpose of this
review was to identify and synthesise all available
unconfounded evidence of the effect on mortality in
critically ill patients of colloids compared with crystal-
loids for volume replacement.

Methods
Identification of trials
Our aim was to identify all relevant randomised
controlled trials available for review by June 1997. Rel-
evant trials were those in which critically ill patients
(excluding neonates) who required fluid resuscitation
were assigned to colloid or crystalloid resuscitation
protocols on the basis of random or quasi-random
allocation. If the allocation procedure could not be
fully ascertained from the published report, the author
was contacted for clarification.

We included trials in which participants were criti-
cally ill as a result of trauma or burns, were undergoing
surgery, or had other critical conditions such as
complications of sepsis. Trials were considered uncon-
founded if one treatment group differed from another
only in the treatment of interest. Thus a trial that com-
pared colloid and hypertonic crystalloid with hyper-
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tonic crystalloid would be included, as would a trial
which compared colloid and isotonic crystalloid to iso-
tonic crystalloid. Trials with a “double intervention,”
such as those that compared colloid in hypertonic
crystalloid to isotonic crystalloid, were analysed
separately (for details, see longer version of article on
our website). There were no language restrictions.

As the comparison between fluid type was in terms
of effects on mortality, we excluded randomised
crossover trials. We also excluded trials of preloading in
preparation for elective surgery and trials in patients
undergoing fluid loading during cardiopulmonary
bypass, as in these situations fluids were given for pur-
poses other than volume resuscitation.

Trials were identified by computerised searches of
the Cochrane Controlled Trials Register, Medline,
Embase, and BIDS Index to Scientific and Technical
Proceedings; by hand searching 29 international jour-
nals and the proceedings of several international
meetings on fluid therapy; by checking the reference
lists of trials and review articles; and by contacting the
authors of all identified trials, asking them about any
other published or unpublished trials that may have
been conducted. Further details on the search strategy
are available from the authors on request. Eligibility
was determined by two reviewers, who also independ-
ently extracted the data. Disagreements were resolved
by discussion.

Outcome measures and data extraction
The principal outcome measure was mortality from all
causes assessed at the end of the follow up period sched-
uled for each trial. In trials among surgical patients we
sought prospectively gathered information on hospital
stay and renal and pulmonary complications as the
death rate in these trials was likely to be low (for details,
see longer version on our website). For all trials, we
extracted information on the type of participants, type of
colloid and crystalloid used, duration of follow up,
mortality at the end of follow up, and quality of conceal-
ment of allocation. We rated quality of concealment of
allocation according the criteria proposed by Schulz.10

We sought data in simple categorical form, and we did
not extract data on time to death. When a report did not
include mortality data at all, or when data were
incomplete for all patients initially randomised, we
sought these data from the trialists.

Data analysis and statistical methods
Before analysing the results, we identified a number of
hypotheses concerning underlying differences in the
studies that might require separate analyses or explain
heterogeneity in an overall analysis. As efficacy of crys-
talloids and colloids for resuscitation is thought to dif-
fer between different patient types, we stratified the
analysis by patients’ injury—trauma, burns, surgery, and
other conditions, including septicaemia and vascular
leak syndrome. Finally, as it has been shown that stud-
ies with poor concealment of allocation tend to overes-
timate the effectiveness of interventions,10 we regarded
the level of concealment of allocation as a possible
source of heterogeneity in study findings. We
conducted an additional analysis using only trials with
allocation concealment that was known to be adequate.

We calculated relative risks and 95% confidence
intervals for mortality for each trial on an intention to

treat basis using the Mantel-Haenszel method. We
tested heterogeneity between trials with ÷2 tests, with
P<0.05 indicating significant heterogeneity. When
there was no significant heterogeneity we used a fixed
effects model to calculate summary relative risks and
95% confidence intervals for dichotomous data. In the
event of significant heterogeneity that could obviously
be related to type of injury or allocation concealment,
we stratified the analyses on that dimension. As statisti-
cal tests of heterogeneity are known to lack power, we
also present graphical displays for the summary effect
measures of individual trials.

In order to test whether the results of the
meta-analyses might have been biased because of
selective publication of randomised trials with positive
findings (publication bias), we used the regression
approach to assessing funnel plot asymmetry pro-
posed by Egger et al.11 Using simple unweighted linear
regression, the inverse of the variance of each study is
regressed against the standard normal deviate. The
larger the deviation of the intercept of the regression
line from zero, the greater the asymmetry and the
more likely it is that the a meta-analysis will yield biased
estimates of effect. As suggested by Egger et al, we con-
sidered that P < 0.1 indicated significant asymmetry.

Results
We identified a total of 48 apparently randomised trials
of fluid resuscitation in critically ill patients, of which 37
met the inclusion criteria. Reasons for exclusion of
trials were the use of a crossover design (two trials);
testing a resuscitation algorithm (three trials); and the
intervention being used for maintaining serum
albumin concentrations (three trials), for haemo-
dilution (one trial), for fluid loading (one trial), and for
reducing intracranial pressure (one trial).

The table gives key details of the 26 unconfounded
trials that compared colloids with crystalloids (see
longer version of article on our website for details of
the 10 trials that compared colloid in hypertonic crys-
talloid with isotonic crystalloid and the one that
compared colloid in isotonic crystalloid with hyper-
tonic crystalloid). Nineteen of the 26 eligible trials
reported mortality. For the other seven trials, we
contacted the trialists to ask for any mortality data
available for the 307 participants, but no additional
information was forthcoming. Our analysis was there-
fore based on mortality data for 1315 participants
from 19 trials. The figure shows that the summary
relative risks were similar for all types of injury except
surgery, for which the summary measure was
imprecise because of small numbers of patients and a
low overall mortality (4.7%).

In four of the trials concealment of allocation was
adequate. There was no overall heterogeneity between
trials (÷2 = 11.67, df = 16, P = 0.75). The pooled relative
risk of death for all patient groups was 1.19 (95% con-
fidence interval 0.98 to 1.45). The risk of death in the
patients given colloids was 24% and the risk of death in
the patients given crystalloids was 20%, giving an
increase in absolute risk of mortality for resuscitation
with colloids of 4% (0% to 8%). The pooled relative risk
based only on trials with adequate allocation
concealment was 1.29 (0.94 to 1.77), with an increase in
absolute risk of mortality for resuscitation with colloids
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of 7% ( − 1% to 15%). The regression approach to
funnel plot asymmetry yielded an intercept of 0.006
and P = 0.308, indicating no statistical evidence for
publication bias.

Discussion
This systematic review synthesised the evidence from
randomised controlled trials comparing colloid and
crystalloid fluid resuscitation across a wide variety of
clinical conditions. There was no statistical evidence of
heterogeneity in trial results. The pooled relative risks
showed no advantage for resuscitation with colloids,
and when we excluded trials with inadequate allocation
concealment the pooled relative risk shifted to
increased mortality for colloids compared with crystal-
loids (relative risk 1.29 (95% confidence interval 0.94 to
1.77)).

There was no statistical evidence that the effect
measure for colloids compared with crystalloids was
overestimated because of publication bias. Although
the regression test of asymmetry has been shown to
have predictive validity,12 the few trials in our

meta-analysis (19 trials) may mean that detection of
such biases would be difficult. Assuming that colloids
were the “intervention,” publication bias would have
resulted in a pooled estimate that understated the
extent to which colloids were associated with increased
mortality.

Limitations of study
In common with all meta-analyses, our systematic
review may have included studies in which interven-
tions and patient characteristics were sufficiently
incomparable that the calculation of a summary effect
measure may be questioned. The resuscitation regimen
differed between trials, with some trials randomising
participants to an initial quantity of colloid or
crystalloid and then proceeding with some form of
standard resuscitation for all participants, and other
trials resuscitating with the randomised fluid to pre-
determined end points, either resuscitation end points
or, in the case of trauma, until corrective surgery. In
addition, the type of colloid or crystalloid, the concen-
tration, and the protocol to determine the quantity of
fluid varied.

Summary of randomised trials comparing colloid and crystalloid fluid resuscitation that met criteria for inclusion

Trial*
Type of
injury

No of
patients

Treatment Length of
follow up

Mortality
reported

Allocation
concealmentColloid Crystalloid

Lowe et alw1-w3 Trauma 171 50 g albumin/200 ml Ringer’s lactate Ringer’s lactate 5 days Yes 1

Modigw4 w5 Trauma 31 Dextran-70 in Ringer’s acetate Ringer’s acetate To definitive
reconstructive surgery

Yes 1

Nagy et alw6 Trauma 41 Pentastarch in 0.9% NaCl Ringer’s lactate Unspecified Yes 1

Younes et alw7 Trauma 70 6% dextran-70 in 7.5% NaCl 7.5% NaCl To discharge Yes 3

Vassar et alw8 Trauma 174 6% dextran-70 in 7.5% NaCl 7.5% NaCl To hospital discharge Yes 3

Vassar et alw9 Trauma 149 6% or 12% dextran-70 in 7.5% NaCl 7.5% NaCl To hospital discharge Yes 3

Evans et alw10 Trauma 25 Haemacell in Ringer’s lactate Ringer’s lactate Unspecified No 2

Skillman et alw11 Surgery 16 25% concentrated salt-poor albumin;
1 g/kg and 5% albumin in saline

Ringer’s lactate with
5% dextrose

1 day No 2

Boutros et alw12 Surgery 24 Albumin in 5% dextrose 5% dextrose in lactated
Ringer’s; 5% dextrose in

0.45% NaCl

To 48 hours
postoperative

Yes 2

Virgilio et alw13 Surgery 29 5% albumin in Ringer’s lactate Ringer’s lactate 21⁄2 weeks Yes 2

Grundmann
et alw14 w15

Surgery 20 Human albumin and crystalloid
(details not reported)

Crystalloid
(details not reported)

Unspecified Yes 1

Karanko et alw16 w17 Surgery 36 6% dextran-70 in 0.9% NaCl or in
5% glucose

Ringer’s acetate gluconate 2 weeks Yes 2

Ley et alw18 Surgery 21 6% hetastarch and 5% plasma protein
fraction

0.9% NaCl To discharge No 2

Prein et alw19 Surgery 18 10% hydroxyethylstarch in 154 mmol/l
NaCl and plasma protein solution;

20% human albumin solution

Ringer’s lactate Unspecified No 2

Dawidson et alw20 Surgery 20 3% dextran-60 in Ringer’s lactate Ringer’s lactate To discharge Yes 2

Hartmann et alw21 Surgery 29 Dextran-70 in NaCl with 2.5% glucose NaCl with 2.5% glucose 7 days No 2

Eleftheriadis et alw22 Surgery 91 6% hydroxyethylstarch Ringer’s solution and
3.5% gelatine solution

Unspecified No 2

Tollosfrud et alw23 Surgery 40 Haemacell; dextran-70; albumin
40 mg/ml in saline

Ringer’s acetate To 48 hours Yes 3

Wahba et alw24 Surgery 22 Haemacell in Ringer’s lactate Ringer’s lactate To discharge Yes 2

Bocanegra et alw25 Burns 153 Plasma with saline; whole blood
supplemented with 5% glucose

Isotonic saline To 60 hours,
then unspecified

Yes 1

Hall et alw26 Burns 172 6% dextran-70 in 0.9% NaCl Ringer’s lactate To 5 years Yes 1

Jelenko et alw27-w30 Burns 12 Albumin in hypertonic saline (240 mEq
Na+, 120 mEq Cl−, 120 mEq lactate,

3.5 torr/l colloid)

Hypertonic saline (240 mEq
Na+, 120 mEq Cl−, 120 mEq

lactate)

To end of resuscitation Yes 2

Goodwin et alw31 Burns 79 2.5% albumin in Ringer’s lactate Ringer’s lactate To discharge Yes 2

Rackow et alw32-w34 Septic and
hypovolaemic shock

26 6% hydroxyethylstarch; 5% albumin 0.9% NaCl To discharge Yes 2

Metildi et alw35 Adult respiratory
distress syndrome

46 50% albumin salt-poor serum in
Ringer’s lactate

Ringer’s lactate To discharge Yes 2

Pockaj et alw36 Vascular leak
syndrome

107 5% albumin in 154 mEq/l NaCl 0.9% normal saline with
154 mEq/l NaCl

Unspecified No 2

*For list of references see longer version of article on our website www.bmj.com.
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Despite these differences, all participants were in
need of volume replacement, and we believe that
further “fine tuning” of the intervention would have
affected the size of the effect rather than its direction.
Although we stratified the analyses by type of injury for
which fluid resuscitation was required, these categories
are crude and potentially relevant clinical conditions
such as uncontrolled haemorrhage or increased capil-
lary permeability might vary widely across and within
studies. While this problem could be overcome by
analyses of individual patient data from all of the trials,
this may not be appropriate as there was little
unexplained heterogeneity in the results.

Other studies
Our results differ from those of Velanovich’s meta-
analysis of mortality, which concluded that resuscita-
tion with colloids had a beneficial effect on mortality
among non-trauma patients compared with crystal-
loids.7 This conclusion was based on three studies of a
total of 96 non-trauma patients. Our meta-analysis,
based on more than twice the number of patients
undergoing surgery (191), failed to support this
conclusion. For patients with burns, we also found no
evidence for a beneficial effect of colloids. The effect

measure for surgery was extremely imprecise, owing to
the small number of patients and a low event rate.

Conclusions
Resuscitation with colloid solutions was associated with
an absolute increase in the risk of mortality of 4% (95%
confidence interval 0% to 8%), or four extra deaths for
every 100 patients resuscitated. As colloids are not
associated with improved survival and are considerably
more expensive than crystalloids, it is hard to see how
their continued use outside randomised controlled
trials in subsets of patients of particular concern can be
justified.
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Type of injury
No of deaths Relative risk

(95% CI)
Relative risk

(95% CI)
Weight

(%)Colloids

3/77
0/14
7/35

21/89
2/21

49/99

82/335

4/94
0/17
7/35

11/85
2/20

20/50

44/301

2.8
0.0
5.5
8.9
1.6

20.9

39.8

0.92 (0.21 to 3.97)

1.00 (0.39 to 2.55)
1.82 (0.94 to 3.55)
0.95 (0.15 to 6.13)
1.24 (0.83 to 1.83)

1.30 (0.95 to 1.77)

Crystalloids

Trauma
     Lowe et alw1-w3

     Modigw4 w5

     Younes et alw7

     Vassar et alw8

     Nagy et alw6

     Vassar et alw9

Subtotal
     χ2 = 1.68 (df = 4)

30/74
18/86

1/7
11/40

60/207

30/79
16/86

1/5
3/39

50/209

22.9
12.6
1.4
2.4

39.2

1.07 (0.72 to 1.58)
1.12 (0.62 to 2.06)
0.71 (0.06 to 8.91)

3.57 (1.08 to 11.85)

1.21 (0.88 to 1.66)

Burns
     Bocanegra et alw25

     Hall et alw26

     Jelenko et alw27-w30

     Goodwin et alw31

Subtotal
     χ2 = 4.63 (df = 3)

11/18
12/20

23/38

6/8
12/26

18/34

6.5
8.2

14.8

0.1 0.2

Favours
colloids

Favours
crystalloids

1 5 10

0.81 (0.47 to 1.40)
1.30 (0.75 to 2.25)

1.08 (0.73 to 1.61)

Other
     Rackow et alw32-w34

     Metildi et alw35

Subtotal
     χ2 = 1.48 (df = 1)

168/685 118/630 100.0 1.19 (0.98 to 1.45)Total
     χ2 = 11.67 (df = 16)

1/15
0/7

1/14
0/18
1/10
0/30
0/11

3/105

1/14
2/17
0/6

1/18
1/10
1/10
0/11

6/86

0.8
1.2
0.5
1.2
0.8
1.7
0.0

6.3

0.93 (0.06 to 13.54)
0.45 (0.02 to 8.34)

1.40 (0.06 to 30.23)
0.33 (0.01 to 7.68)

1.00 (0.07 to 13.87)
0.12 (0.01 to 2.69)

0.55 (0.18 to 1.65)

Surgery
     Virgilio et alw13

     Boutros et alw12

     Grundmann et alw14 w15

     Karanko et alw16 w17

     Dawidson et alw20

     Tollosfrud et alw23

     Wahba et alw24

Subtotal
     χ2 = 1.75 (df = 5)

Relative risks (95% confidence intervals) of death associated with fluid resuscitation with
colloid solutions compared with resuscitation with crystalloid solutions

Key messages

x For decades there has been controversy over the
relative benefits of colloid and crystalloid
solutions for fluid resuscitation of hypovolaemic
patients

x Although more expensive than crystalloids, use
of colloids far exceeds current
recommendations

x In this systematic review of randomised
controlled trials we found that, compared with
crystalloids, use of colloids was associated with
an increase in absolute risk of mortality of 4%

x There was no evidence for differences of effect
among different types of injury necessitating
fluid resuscitation
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