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Purpose of review

The examination of the recent literature aimed at analysing the most recent data that could affect decisions
regarding the use of colloids in trauma resuscitation.

Recent findings

Animal data have generally shown a beneficial effect of colloids in trauma resuscitation, with improvements
in capillary leak demonstrated in lung, intestine and brain. In most studies, hydroxyethyl starch resuscitation
was more effective than crystalloid and decreased markers of inflammatory processes were observed. Brain
injury in animals was attenuated with colloids. In uncontrolled haemorrhage, resuscitation with colloid
increased bleeding and mortality.
Human studies have also failed to confirm the suggestion that albumin resuscitation may be associated with
a worse outcome in head injury. However, there is a strong suggestion that aggressive prehospital
resuscitation, particularly with colloid, may be harmful. Studies in burns have consistently shown an
improvement in the tendency to fluid overload with the inclusion of colloid in the resuscitation strategy, but
so far no outcome benefit has been shown.
Two studies of general trauma resuscitation have shown apparent benefit from the use of HES in early
resuscitation with reductions in mortality and in renal injury.

Summary

Recent trauma studies provide ongoing, but not conclusive, evidence of a benefit from colloid resuscitation
in trauma.
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INTRODUCTION

The place of colloids in the resuscitation of
patients with trauma remains controversial. Over
many years, colloids have been shown to provide
faster restoration of haemodynamic parameters
with the use of smaller fluid volumes, but this has
not translated into improved outcomes, and has,
in some instances, been associated with worse out-
comes. Part of this controversy is the fact that a wide
variety of pharmacological products including
various types of albumin solutions, gelatins, dex-
trans and hydroxyethyl starches have been grouped
together as a single study group, when, in reality,
these are very different products, with different
properties and side-effects. In the recent literature,
most of the publications have focused on either
albumin or hydroxyethyl starch (HES) and this
review will therefore concentrate on these two
colloid formulations.
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ANIMAL STUDIES

In the past year, several animal studies have
addressed the issue of the use of colloids, and in
particular HES, in the setting of haemorrhagic
shock. Resuscitation with Ringer’s lactate and
HES 130/0.4 was compared in a pig model of
uncontrolled liver injury. In this model, several
incisions were made into the liver and the animals
allowed to become hypotensive through internal
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KEY POINTS

� The use of colloids remains controversial in trauma.

� Animal data provide increasing support for colloid
resuscitation.

� The use of colloids in burns is being increasingly
advocated.

� In general trauma recent studies have suggested
improved outcomes with colloids.

Trauma and transfusion
haemorrhage. Although HES produced a signifi-
cantly greater plasma volume effect, its use was
associated with higher mortality as it provoked
uncontrolled bleeding, whereas this did not occur
with Ringer’s lactate [1

&

]. This study is consistent
with clinical studies of early and aggressive
resuscitation in patients with penetrating trauma
and uncontrolled haemorrhage showing adverse
outcomes [2].

By contrast, other animal studies of controlled
haemorrhage have not shown adverse effects with
colloids. In a dog study, haemorrhagic hypotension
was maintained at 40–50 mmHg for 45 min and the
animals then resuscitated with Ringer’s lactate in
a 3 : 1 ratio to shed blood, HES 130/0.4 in a 1 : 1 ratio
or HES in hypertonic saline limited to 4 ml/kg.
In this study, equal resuscitation with similar out-
comes was found for the crystalloid and isotonic
colloid groups, but small-volume hypertonic resus-
citation gave worse outcomes in terms of systemic
oxygenation and gastric perfusion compared to the
isotonic colloid and crystalloid [3

&

]. In a rabbit study
of acute haemorrhagic shock, mean arterial pressure
was reduced to 60% of baseline for 30 min, and then
the animals were resuscitated with Ringer’s lactate
in a ratio of 3 : 1 to shed blood or HES 130/0.4 in
a 1 : 1 ratio. This study examined cerebral perfusion
as the primary endpoint. These authors concluded
that HES 130/0.4 provided better haemodynamic
stability with restoration of arterial pressure to base-
line in this group, but not in the Ringer’s lactate
group. The balance of cerebral oxygen supply to
consumption during resuscitation was also superior
in the HES 130/0.4 group [4]. In another study in
rabbits, animals were rendered hypotensive and
hyperlactataemic by haemorrhage and then given
no resuscitation, or resuscitation to a fixed endpoint
with Ringer’s lactate, HES alone, or a combination
of HES and Ringer’s lactate. This study examined
renal effects of the various fluids and concluded
that haemorrhagic shock induced tubular injury
including vacuole formation, but that none of the
pyright © Lippincott Williams & Wilkins. Unautho
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resuscitation solutions produced any additional
harmful effects on either histology or on various
cytokine markers of tissue injury [5]. These studies
suggest that, in controlled haemorrhage, a 1 : 1 ratio
of HES to shed blood provides at least equivalent
resuscitation as a 3 : 1 ratio of Ringer’s lactate to shed
blood, and the colloid might have some advantages
in addition to the smaller volume infused.

Other studies have examined the influence of
colloids on inflammatory consequences of haemor-
rhage in small animals. In rats, haemorrhagic
hypotension was maintained for 60 min and then
the animals resuscitated with Ringer’s lactate, shed
blood or HES 130/0.4 to the starting arterial pressure
values. In this study, the primary endpoints were
pulmonary capillary leakage and an array of inflam-
matory markers. Capillary leakage was significantly
lower following resuscitation with either shed
blood or HES compared to Ringer’s lactate. HES
and shed blood were also more effective at attenu-
ating the increases in inflammatory markers [6]. The
same group published a similar study examining
intestinal permeability and inflammatory markers.
Again, the conclusion was that HES prevented
intestinal injury and decreased the expression of
inflammatory markers [7]. A rat study investigated
the combination of haemorrhagic shock and lipo-
polysaccharide on lung tissue damage and pulmon-
ary oedema. Rats were resuscitated with HES,
hypertonic saline or Ringer’s lactate. Both hyper-
tonic saline and HES were found to reduce lung
tissue damage and pulmonary oedema [8]. A femoral
fracture model in which haemorrhagic shock
was induced in addition to a left femoral fracture
was studied in rats, with the primary outcome of
apoptosis and morphologic alterations in bone
marrow mononuclear cells. Haemorrhagic shock
was maintained for 30 min followed by resuscitation
with Ringer’s lactate, HES 130/0.4 or 5% albumin
and the bone marrow examined at 24 and 48 h after
resuscitation. Both albumin and HES were superior
to Ringer’s lactate in terms of early apoptosis,
but HES was significantly better than albumin or
Ringer’s lactate at 48 h [9].

Finally, a study in mice subjected to traumatic
brain injury and haemorrhagic shock examined the
effects of resuscitation with Ringer’s lactate, hyper-
tonic saline, polynitroxylated albumin or Hextend
(6% HES 670/0.75 in a balanced salt solution).
Animals were resuscitated with the test solutions
to an arterial pressure greater than 50 mmHg over 30
min and then further resuscitation with shed blood
to a target arterial pressure greater than 70 mmHg.
Total fluid requirements to achieve the targets were
significantly lower with both colloids. At 7 days, the
animals were sacrificed in the brains examined.
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Seven-day survival was nonsignificantly greater in
the albumin group. The authors concluded that the
colloid groups showed more favourable resuscita-
tion characteristics than the crystalloid groups with
similar cerebral histological scores.
HUMAN HEAD INJURY STUDIES

In human studies, the issue of albumin and brain
injury has again been addressed. A retrospective
study of 93 patients with severe traumatic
brain injury investigated the impact of a resuscita-
tion protocol that incorporated the use of albumin
[10]. These authors reported an early achievement of
negative fluid balance in these patients with well
maintained plasma albumin concentrations. Over
the first 10 days for which the patients were studied,
colloids constituted 40–60% of the total fluids given
daily and fluid balance was assisted by the use of
furosemide. Mortality at 28 days and 18 months
was 11 and 14%, respectively. The authors contrast
this with the SAFE study in which albumin usage
was found to be associated with adverse outcomes
in trauma and a subsequent post-hoc analysis
which suggested that in critically ill patients with
traumatic brain injury, fluid resuscitation with
albumin was associated with higher mortality
rates than was resuscitation with saline [11]. In
the Scandinavian study [10], mortality was substan-
tially lower than that in the SAFE study, but these
comparisons should be viewed with caution as the
resuscitation strategies, particularly the manage-
ment of intracranial pressure, may well have
been different between the two studies. However,
a reappraisal of the use of albumin in brain injury
has recently been advocated [12].
PREHOSPITAL RESUSCITATION

Prehospital resuscitation is a very important
consideration in fluid therapy for trauma. A major
retrospective database analysis examined the role
of prehospital fluids affecting outcome in over
750 000 patients. Multivariate analysis indicated
that patients receiving prehospital intravenous
fluids were significantly more likely to die across
nearly all subsets of trauma patients, but particularly
in patients with penetrating injuries, hypotension
and severe head injury [13

&

]. A review of battlefield
trauma management advocated limited use of
crystalloids or colloids for field resuscitation with
greater emphasis on plasma and other blood
products for the treatment of severe haemorrhage
[14

&

]. The issue of the management of coagulation
in trauma will be dealt with elsewhere in this
edition. However, a recent publication addresses
Copyright © Lippincott Williams & Wilkins. Unaut
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the issue of fluid therapy related to trauma-induced
coagulopathy. These authors retrospectively exami-
ned a total of 1987 patients in which coagulation
testing by the prothrombin time had been per-
formed. In this study they concluded that a high
prehospital colloid : crystalloid ratio was associated
with coagulopathy on admission to the emergency
department after adjusting for the ongoing state of
shock [15

&&

]. Taken together with the recent animal
data, these publications strongly suggest that pre-
hospital resuscitation should be limited to the mini-
mum required to achieve an acceptable peripheral
perfusion given associated injury factors and that
the place of colloids in prehospital resuscitation
is limited.
BURNS

There have been a number of recent studies
examining the use of fluids in patients suffering
burns. In one publication, the role of hyperoncotic
10% HES 200/0.5 was examined in a pilot trial of
30 patients. Although the numbers are small, the
study was abandoned as the hyperoncotic starch was
associated with an apparent increased incidence
of fatal outcome [16]. These data should be taken
in conjunction with other publications that have
suggested that hyperoncotic starch may be associ-
ated with harm [17,18] and emphasize the view that
there is virtually no place for hyperoncotic colloids
as acute resuscitation solutions. However, a number
of other studies and reviews suggest that the role of
colloids in the resuscitation of patients suffering
burns is being re-examined.

Fluid resuscitation formulas, such as the
Parkland formula, have found wide application
around the world and form the basis for calculation
of fluid resuscitation regimes. A recent review of this
topic commented that, whereas crystalloid fluid has
been the mainstay of resuscitation for the better part
of four decades, there has been a progressive but as
yet unexplained recent trend toward provision
of resuscitation volumes well in excess of those
predicted by the formula. This increased fluid
load has been associated with numerous oedema-
related complications. This review emphasizes that,
in burns involving more than 25% body surface
area, capillary permeability is increased, not only
in the damaged tissue, but also in nonburnt areas.
It was proposed that correction of this so-called
fluid creep will likely revolve around several
strategies, which may include tighter control of
titration, re-emergence of colloids and hypertonic
salt solutions, and possibly the use of adjunctive
markers of resuscitation other than urinary output
[19]. In a subsequent retrospective review, the same
horized reproduction of this article is prohibited.

ins www.co-anesthesiology.com 3



Co

CE: Madhur; ACO/200854; Total nos of Pages: 5;

ACO 200854

Trauma and transfusion
author concluded that this trend had not improved
and that, over an 8-year period, higher than recom-
mended urine output had been attained as a result of
increased crystalloid administration [20

&&

]. Another
review concluded that HES may limit burn oedema
by ameliorating capillary leak and that improved
endpoints for resuscitation may help to minimize
the problems of over-resuscitation [21]. A further
retrospective review examined the effect of adding
albumin to the resuscitation fluid strategy on
fluid input/output (I/O) ratios. The administration
of albumin rapidly reduced hourly fluid require-
ments, restored normal I/O ratios and ameliorated
fluid creep [22

&

]. A study in paediatric burns
confirmed these findings showing that the use of
albumin restored a normal I/O ratio in paediatric
patients, adding further weight to the inclusion of
colloid in burns resuscitation strategies [23

&

].
FLUID VOLUMES

An important issue related to the use of colloids in
trauma is the complex matter of trying to decide
how much resuscitation fluid any given patient
should receive. The data demonstrating very poor
correlation between the standard measures of heart
rate, blood pressure and central venous pressures
to circulating volume are convincing. However,
there is currently little else for the emergency care
physician to use as an indicator since renal output is
also a poor marker of appropriate tissue perfusion.
A recent review article has examined the value of
pulse waveform analysis on the management of
resuscitation in burns [24]. The authors conclude
that these techniques may have a future role in
optimizing fluid resuscitation in burns, but that
they still require validation in multicentre random-
ized trials. However, current data do not yet support
the concept that these haemodynamic monitoring
techniques influence major outcomes in critically
ill burn patients [24]. Once a validated method of
estimating circulating volume is established, it may
be easier to find answers to the ongoing crystalloid-
colloid debate.
GENERAL TRAUMA STUDIES

The first study to demonstrate a survival benefit
associated with the use of colloids in trauma
was published within this review period. In this
retrospective study of 1714 patients admitted to a
level 1 trauma centre, the authors examined the
outcomes in patients who did, or did not, receive a
colloid (Hextend) as part of the resuscitation strategy.
Compared to the crystalloid-only standard-of-
care treatment, the overall mortality analysed by
pyright © Lippincott Williams & Wilkins. Unautho
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univariate analysis was significantly lower in
the colloid-treated patients (5.2 versus 8.9%, P¼
0.0035). The results were similar when only
patients with penetrating trauma were considered
(P¼0.0016) and when only severely injured
patients with injury severity scores greater than
26 were considered (P¼0.0014). More starch-treated
patients survived to reach intensive care and more
blood and blood products were used in this group.
However, coagulation measures (prothrombin time
and partial thromboplastin time) were not different
between the groups. Urine output and renal function
were similar between the groups, but there
were more early deaths in the standard-of-care
group, which introduces the possibility of selection
bias. Controlling for early deaths with multivariate
analysis showed similar trends, but the data no
longer reached statistical significance [25

&&

].
The first randomized, double-blind controlled

trial of crystalloid (0.9% saline) versus isotonic
colloid (HES 130/0.4 in saline) in trauma resuscita-
tion has recently been published (FIRST trial). In this
study of 109 patients, blunt and penetrating trau-
mas were randomized separately. In the penetrating
trauma group (n¼67), lactate clearance was slightly
faster over the first 4 h of resuscitation and lactate
and acid base balance were significantly better in
the HES group on day 1. The HES group had a zero
incidence of renal injury (renal risk, injury, failure,
loss, end stage criteria) compared to 17% in patients
treated with saline (P¼0.019). This difference
persisted even after allowance for the early deaths
in both groups. Maximum Sequencial Organ Failure
Assessment (SOFA) scores were significantly lower in
the HES group. The colloid : crystalloid ratio in the
first 24 h was approximately 1 : 1.5, resulting in a
reduction of 2.5 litres of study fluid. The use of blood
and blood products was similar, with a nonsignifi-
cant trend to lower product use in the HES group.
The blunt trauma analysis was severely hampered
by the fact that the blunt HES group was much
more severely injured (median injury severity score
29.5 versus 18, P<0.01). There was no significant
difference in the use of study fluid between groups
and the HES group required significantly more
blood and blood products. Outcomes were similar
in terms of renal function and organ recovery, with
no differences in mortality [26

&&

].
CONCLUSION

Recent evidence and opinion has shown increasing
support for the use of colloids in trauma, but the
data remain scanty. Hyperoncotic colloids appear to
have no place and colloids have a limited place in
the prehospital setting. In burns, there is a clear
rized reproduction of this article is prohibited.
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trend towards increased use of colloids in the early
phases, with albumin as the main colloid receiving
attention. In general trauma two studies suggest
a benefit for HES in penetrating trauma. Data for
blunt trauma, which is the commonest form of
injury in the Western World, remain unclear.
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