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F

luid resuscitation with colloid and crystalloid solutions is a
ubiquitous intervention in acute medicine. The selection and use of resuscitation fluids is based on physiological principles, but clinical practice is determined largely by clinician preference, with marked regional variation. No ideal
resuscitation fluid exists. There is emerging evidence that the type and dose of
resuscitation fluid may affect patient-centered outcomes.
Despite what may be inferred from physiological principles, colloid solutions do
not offer substantive advantages over crystalloid solutions with respect to hemodynamic effects. Albumin is regarded as the reference colloid solution, but its cost
is a limitation to its use. Although albumin has been determined to be safe for
use as a resuscitation fluid in most critically ill patients and may have a role in
early sepsis, its use is associated with increased mortality among patients with
traumatic brain injury. The use of hydroxyethyl starch (HES) solutions is associated with increased rates of renal-replacement therapy and adverse events among
patients in the intensive care unit (ICU). There is no evidence to recommend the
use of other semisynthetic colloid solutions.
Balanced salt solutions are pragmatic initial resuscitation fluids, although there
is little direct evidence regarding their comparative safety and efficacy. The use of
normal saline has been associated with the development of metabolic acidosis and
acute kidney injury. The safety of hypertonic solutions has not been established.
All resuscitation fluids can contribute to the formation of interstitial edema,
particularly under inflammatory conditions in which resuscitation fluids are used
excessively. Critical care physicians should consider the use of resuscitation fluids
as they would the use of any other intravenous drug. The selection of the specific
fluid should be based on indications, contraindications, and potential toxic effects
in order to maximize efficacy and minimize toxicity.
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His t or y of Fluid R e susci tat ion
In 1832, Robert Lewins described the effects of the intravenous administration of
an alkalinized salt solution in treating patients during the cholera pandemic. He
observed that “the quantity necessary to be injected will probably be found to depend upon on the quantity of serum lost; the object being to place the patient in
nearly his ordinary state as to the quantity of blood circulating in the vessels.”1 The
observations of Lewins are as relevant today as they were nearly 200 years ago.
Asanguinous fluid resuscitation in the modern era was advanced by Alexis
Hartmann, who modified a physiologic salt solution developed in 1885 by Sidney
Ringer for rehydration of children with gastroenteritis.2 With the development of
blood fractionation in 1941, human albumin was used for the first time in large
quantities for resuscitation of patients who were burned during the attack on Pearl
Harbor in the same year.
Today, asanguinous fluids are used in almost all patients undergoing general
n engl j med 369;13
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Figure 1. Role of the Endothelial Glycocalyx Layer in the Use of Resuscitation
Fluids.
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volume. Since venous return is in equilibrium
with cardiac output, sympathetically mediated
responses regulate both efferent capacitance
(venous) and afferent conductance (arterial) circulations in addition to myocardial contractility.3
Adjunctive therapies to fluid resuscitation, such
as the use of catecholamines to augment cardiac
contraction and venous return, need to be considered early to support the failing circulation.4
In addition, changes to the microcirculation in
vital organs vary widely over time and under different pathologic states, and the effects of fluid
administration on end-organ function should be
considered along with effects on intravascular
volume.

Endothelial cell

Damaged
glycocalyx

of

n engl j med 369;13

For decades, clinicians have based their selection
of resuscitation fluids on the classic compartment model — specifically, the intracellular fluid
compartment and the interstitial and intravascular
components of the extracellular fluid compartment and the factors that dictate fluid distribution across these compartments. In 1896, English
physiologist Ernest Starling found that capillaries and postcapillary venules acted as a semipermeable membrane absorbing fluid from the interstitial space.5 This principle was adapted to
identify the hydrostatic and oncotic pressure gradients across the semipermeable membrane as the
principal determinants of transvascular exchange.6
Recent descriptions have questioned these
classic models.7 A web of membrane-bound glycoproteins and proteoglycans on the luminal
side of endothelial cells has been identified as
the endothelial glycocalyx layer8 (Fig. 1). The
subglycocalyx space produces a colloid oncotic
pressure that is an important determinant of
transcapillary flow. Nonfenestrated capillaries
throughout the interstitial space have been identified, indicating that absorption of fluid does
not occur through venous capillaries but that
fluid from the interstitial space, which enters
through a small number of large pores, is returned to the circulation primarily as lymph that
is regulated through sympathetically mediated
responses.9
The structure and function of the endothelial
glycocalyx layer are key determinants of membrane permeability in various vascular organ sys-
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tems. The integrity, or “leakiness,” of this layer,
and thereby the potential for the development of
interstitial edema, varies substantially among
organ systems, particularly under inflammatory
conditions, such as sepsis,10 and after surgery or
trauma, when resuscitation fluids are commonly used.

The Ide a l R e susci tat ion Fluid
The ideal resuscitation fluid should be one that
produces a predictable and sustained increase in
intravascular volume, has a chemical composition as close as possible to that of extracellular
fluid, is metabolized and completely excreted
without accumulation in tissues, does not produce adverse metabolic or systemic effects, and
is cost-effective in terms of improving patient
outcomes. Currently, there is no such fluid available for clinical use.
Resuscitation fluids are broadly categorized
into colloid and crystalloid solutions (Table 1).
Colloid solutions are suspensions of molecules
within a carrier solution that are relatively incapable of crossing the healthy semipermeable
capillary membrane owing to the molecular weight
of the molecules. Crystalloids are solutions of
ions that are freely permeable but contain concentrations of sodium and chloride that determine the tonicity of the fluid.
Proponents of colloid solutions have argued
that colloids are more effective in expanding
intravascular volume because they are retained
within the intravascular space and maintain colloid oncotic pressure. The volume-sparing effect
of colloids, as compared with crystalloids, is
considered to be an advantage, which is conventionally described in a 1:3 ratio of colloids
to crystalloids to maintain intravascular volume.
Semisynthetic colloids have a shorter duration
of effect than human albumin solutions but are
actively metabolized and excreted.
Proponents of crystalloid solutions have argued that colloids, in particular human albumin,
are expensive and impractical to use as resuscitation fluids, particularly under field-type conditions. Crystalloids are inexpensive and widely
available and have an established, although unproven, role as first-line resuscitation fluids.
However, the use of crystalloids has classically
been associated with the development of clinically significant interstitial edema.
n engl j med 369;13

T y pe s of R e susci tat ion Fluid
Globally, there is wide variation in clinical practice with respect to the selection of resuscitation
fluid. The choice is determined largely by regional
and clinician preferences that are based on institutional protocols, availability, cost, and commercial marketing.11 Consensus documents about
the use of resuscitation fluids have been developed and directed primarily at specific patient
populations,12-14 but such recommendations have
been based largely on expert opinion or lowquality clinical evidence. Systematic reviews of
randomized, controlled trials have consistently
shown that there is little evidence that resuscitation with one type of fluid as compared with another reduces the risk of death15 or that any solution is more effective or safer than any other.16
Albumin

Human albumin (4 to 5%) in saline is considered
to be the reference colloidal solution. It is produced by the fractionation of blood and is heattreated to prevent transmission of pathogenic
viruses. It is an expensive solution to produce and
distribute, and its availability is limited in lowand middle-income countries.
In 1998, the Cochrane Injuries Group Albumin Reviewers published a meta-analysis comparing the effects of albumin with those of a
range of crystalloid solutions in patients with
hypovolemia, burns, or hypoalbuminemia and
concluded that the administration of albumin
was associated with a significant increase in the
rate of death (relative risk, 1.68; 95% confidence
interval [CI], 1.26 to 2.23; P<0.01).17 Despite its
limitations, including the small size of the included studies, this meta-analysis caused substantial alarm, particularly in countries that
used large amounts of albumin for resuscitation.
As a result, investigators in Australia and New
Zealand conducted the Saline versus Albumin
Fluid Evaluation (SAFE) study, a blinded, randomized, controlled trial, to examine the safety
of albumin in 6997 adults in the ICU.18 The
study assessed the effect of resuscitation with
4% albumin, as compared with saline, on the
rate of death at 28 days. The study showed no
significant difference between albumin and saline with respect to the rate of death (relative
risk, 0.99; 95% CI, 0.91 to 1.09; P = 0.87) or the
development of new organ failure.

nejm.org

september 26, 2013

The New England Journal of Medicine
Downloaded from nejm.org at UFRGS on February 21, 2014. For personal use only. No other uses without permission.
Copyright © 2013 Massachusetts Medical Society. All rights reserved.

1245

1246

n engl j med 369;13

nejm.org

4.5–5.0

2.2–2.6

0.8–1.0

94–111

Potassium
(mmol/liter)

Calcium
(mmol/liter)

Magnesium
(mmol/liter)

Chloride
(mmol/liter)

23–27
6.4

28

124

0.9

5.0

3.0

143

304

154

154

308

34

110

1.5

4.0

137

286

Maize
starch

154

154

308

Potato
starch

5

24

118

1.0

2.5

4.0

140

296

Potato
starch

Volulyte Venofundin Tetraspan

6%
(130/0.42)

120

154

274

Bovine
gelatin

Gelofusine

145

6.25

5.1

145

301

Bovine
gelatin

Haemaccel

154

154

308

Normal
saline

0.9%
Saline

Balanced
Salt
Solution

29

111

2.0

5.4

131

280.6

23

27

98

3.0

5.0

140

294

Hartmann’s or PlasmaLyte
Ringer’s lactate

Compounded
Sodium
Lactate

* To convert the values for potassium to milligrams per deciliter, divide by 0.2558. To convert the values for calcium to milligrams per deciliter, divide by 0.250. To convert the values for
magnesium to milligrams per deciliter, divide by 0.4114.

Octanoate
(mmol/liter)

Bicarbonate
(mmol/liter)

Gluconate
(mmol/liter)

154

154

308

Maize
starch

Voluven

6%
(130/0.4)

4%
Succinylated
3.5%
Modified
Urea-Linked
Fluid Gelatin
Gelatin

Crystalloids

of

Malate
(mmol/liter)

128

148

250

Maize
starch

Hextend

6%
(450/0.7)

Hydroxyethyl Starch

Colloids

n e w e ng l a n d j o u r na l

Lactate
(mmol/liter)

1–2

135–145

Sodium
(mmol/liter)

Acetate
(mmol/liter)

291

Osmolarity
(mOsm/liter)

Potato
starch

Human
donor

10%
(200/0.5)

Colloid source

4%
Albumin

Albumex Hemohes

Human
Plasma

Trade name

Variable

Table 1. Types and Compositions of Resuscitation Fluids.*
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Additional analyses from the SAFE study provided new insights into fluid resuscitation among
patients in the ICU. Resuscitation with albumin
was associated with a significant increase in the
rate of death at 2 years among patients with
traumatic brain injury (relative risk, 1.63; 95%
CI, 1.17 to 2.26; P = 0.003).19 This outcome has
been attributed to increased intracranial pressure, particularly during the first week after injury.20 Resuscitation with albumin was associated
with a decrease in the adjusted risk of death at
28 days in patients with severe sepsis (odds ratio, 0.71; 95% CI, 0.52 to 0.97; P = 0.03), suggesting a potential, but unsubstantiated, benefit in
patients with severe sepsis.21 No significant between-group difference in the rate of death at
28 days was observed among patients with hypoalbuminemia (albumin level, ≤25 g per liter)
(odds ratio, 0.87; 95% CI, 0.73 to 1.05).22
In the SAFE study, no significant difference
in hemodynamic resuscitation end points, such as
mean arterial pressure or heart rate, was observed
between the albumin and saline groups, although
the use of albumin was associated with a significant but clinically small increase in central venous
pressure. The ratio of the volumes of albumin to
the volumes of saline administered to achieve
these end points was observed to be 1:1.4.
In 2011, investigators in sub-Saharan Africa
reported the results of a randomized, controlled
trial — the Fluid Expansion as Supportive Therapy (FEAST) study23 — comparing the use of
boluses of albumin or saline with no boluses of
resuscitation fluid in 3141 febrile children with
impaired perfusion. In this study, bolus resuscitation with albumin or saline resulted in similar
rates of death at 48 hours, but there was a significant increase in the rate of death at 48 hours
associated with both therapies, as compared
with no bolus therapy (relative risk, 1.45; 95% CI,
1.13 to 1.86; P = 0.003). The principal cause of
death in these patients was cardiovascular collapse rather than fluid overload or neurologic
causes, suggesting a potentially adverse interaction between bolus fluid resuscitation and compensatory neurohormonal responses.24 Although
this trial was conducted in a specific pediatric
population in an environment in which critical
care facilities were limited or absent, the results
call into question the role of bolus fluid resuscitation with either albumin or saline in other
populations of critically ill patients.
The observations in these key studies chaln engl j med 369;13

lenge physiologically based concepts about the
efficacy of albumin and its role as a resuscitation
solution. In acute illness, it appears that the hemodynamic effects and effects on patient-centered
outcomes of albumin are largely equivalent to
those of saline. Whether specific populations of
patients, particularly those with severe sepsis,
may benefit from albumin resuscitation remains
to be determined.
Semisynthetic Colloids

The limited availability and relative expense of
human albumin have prompted the development
and increasing use of semisynthetic colloid solutions during the past 40 years. Globally, HES solutions are the most commonly used semisynthetic
colloids, particularly in Europe.11 Other semisynthetic colloids include succinylated gelatin, urealinked gelatin–polygeline preparations, and dextran solutions. The use of dextran solutions has
largely been superseded by the use of other semisynthetic solutions.
HES solutions are produced by hydroxyethyl
substitution of amylopectin obtained from sorghum, maize, or potatoes. A high degree of substitution on glucose molecules protects against
hydrolysis by nonspecific amylases in the blood,
thereby prolonging intravascular expansion, but
this action increases the potential for HES to
accumulate in reticuloendothelial tissues, such
as skin (resulting in pruritus), liver, and kidney.
The use of HES, particularly high-molecularweight preparations, is associated with alterations
in coagulation — specifically, changes in viscoelastic measurements and fibrinolysis — although the clinical consequences of these effects
in specific patient populations, such as those
undergoing surgery or patients with trauma, are
undetermined.25 Study reports have questioned
the safety of concentrated (10%) HES solutions
with a molecular weight of more than 200 kD
and a molar substitution ratio of more than 0.5 in
patients with severe sepsis, citing increased rates
of death, acute kidney injury, and use of renalreplacement therapy.26,27
Currently used HES solutions have reduced
concentrations (6%) with a molecular weight of
130 kD and molar substitution ratios of 0.38 to
0.45. They are available in various types of crystalloid carrier solutions. HES solutions are widely used in patients undergoing anesthesia for
major surgery, particularly as a component of
goal-directed perioperative fluid strategies,28 as
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a first-line resuscitation fluid in military theaters,29 and in patients in the ICU.11 Because of
the potential that such solutions may accumulate in tissues, the recommended maximal daily
dose of HES is 33 to 50 ml per kilogram of body
weight per day.
In a blinded, randomized, controlled trial
involving 800 patients with severe sepsis in the
ICU,30 Scandinavian investigators reported that
the use of 6% HES (130/0.42), as compared with
Ringer’s acetate, was associated with a significant increase in the rate of death at 90 days
(relative risk, 1.17; 95% CI, 1.01 to 1.30; P = 0.03)
and a significant 35% relative increase in the rate
of renal-replacement therapy. These results are
consistent with previous trials of 10% HES
(200/0.5) in similar patient populations.27
In a blinded, randomized, controlled study,
called the Crystalloid versus Hydroxyethyl Starch
Trial (CHEST), involving 7000 adults in the ICU,
the use of 6% HES (130/0.4), as compared with
saline, was not associated with a significant difference in the rate of death at 90 days (relative
risk, 1.06; 95% CI, 0.96 to 1.18; P = 0.26). However, the use of HES was associated with a significant 21% relative increase in the rate of renalreplacement therapy.31
Both the Scandinavian trial and CHEST
showed no significant difference in short-term
hemodynamic resuscitation end points, apart
from transient increases in central venous pressure and lower vasopressor requirements with
HES in CHEST. The observed ratio of HES to
crystalloid in these trials was approximately
1:1.3, which is consistent with the ratio of albumin to saline reported in the SAFE study18 and
in other recent blinded, randomized, controlled
trials of HES.32,33
In CHEST, HES was associated with increases
in urine output in patients at low risk for acute
kidney injury but with parallel increases in serum creatinine levels in patients at increased
risk for acute kidney injury. In addition, the use
of HES was associated with an increased use of
blood products and an increased rate of adverse
events, particularly pruritus.31
Whether these results are generalizable to the
use of other semisynthetic colloid solutions, such
as gelatin or polygeline preparations, is unknown. A recent observational study has raised
concern about the risk of acute kidney injury
associated with the use of gelatin solutions.34
However, these solutions have not been studied
1248
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in high-quality randomized, controlled trials to
date. In light of current evidence of the lack of
clinical benefit, potential nephrotoxicity, and
increased cost, the use of semisynthetic colloids
for fluid resuscitation in critically ill patients is
difficult to justify.
Crystalloids

Sodium chloride (saline) is the most commonly
used crystalloid solution on a global basis, particularly in the United States. Normal (0.9%) saline contains sodium and chloride in equal concentrations, which makes it isotonic as compared
with extracellular fluid. The term “normal saline”
comes from the studies of red-cell lysis by Dutch
physiologist Hartog Hamburger in 1882 and
1883, which suggested that 0.9% was the concentration of salt in human blood, rather than the
actual concentration of 0.6%.35
The strong ion difference of 0.9% saline is
zero, with the result that the administration of
large volumes of saline results in a hyperchloremic metabolic acidosis.36 Adverse effects such as
immune37 and renal38 dysfunction have been
attributed to this phenomenon, although the
clinical consequences of these effects is unclear.39
Concern about sodium and water overload
associated with saline resuscitation has resulted
in the concept of “small volume” crystalloid
resuscitation with the use of hypertonic saline
(3%, 5%, and 7.5%) solutions. However, the
early use of hypertonic saline for resuscitation,
particularly in patients with traumatic brain injury, has not improved either short-term or longterm outcomes.40
Crystalloids with a chemical composition that
approximates extracellular fluid have been termed
“balanced” or “physiologic” solutions and are derivatives of the original Hartmann’s and Ringer’s
solutions. However, none of the proprietary solutions are either truly balanced or physiologic41
(Table 1).
Balanced salt solutions are relatively hypotonic because they have a lower sodium concentration than extracellular fluid. Because of the
instability of bicarbonate-containing solutions
in plastic containers, alternative anions, such as
lactate, acetate, gluconate, and malate, have been
used. Excessive administration of balanced salt
solutions may result in hyperlactatemia, metabolic alkalosis, and hypotonicity (with compounded sodium lactate) and cardiotoxicity (with
acetate). The addition of calcium in some solu-
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tions may generate microthrombi with citratecontaining red-cell transfusions.
Given the concern regarding an excess of
sodium and chloride associated with normal
saline, balanced salt solutions are increasingly
recommended as first-line resuscitation fluids
in patients undergoing surgery,13 patients with
trauma,14 and patients with diabetic ketoacidosis.42 Resuscitation with balanced salt solutions
is a key element in the initial treatment of patients with burns, although there is increasing
concern about the adverse effects of fluid overload, and a strategy of “permissive hypovolemia”
in such patients has been advocated.43
A matched-cohort observational study compared the rate of major complications in 213 patients who received only 0.9% saline and 714 patients who received only a calcium-free balanced
salt solution (PlasmaLyte) for replacement of fluid
losses on the day of surgery.44 The use of balanced salt solution was associated with a significant decrease in the rate of major complications
(odds ratio, 0.79; 95% CI, 0.66 to 0.97; P<0.05),
including a lower incidence of postoperative in-

fection, renal-replacement therapy, blood transfusion, and acidosis-associated investigations.
In a single-center, sequential, observational
ICU study,45 the use of a chloride-restrictive fluid
strategy (using lactated and calcium-free balanced
solutions) to replace chloride-rich intravenous
fluids (0.9% saline, succinylated gelatin, or 4%
albumin) was associated with a significant decrease in the incidence of acute kidney injury
and the rate of renal-replacement therapy. Given
the widespread use of saline (>200 million liters
per year in the United States alone), these data
suggest that a randomized, controlled trial examining the safety and efficacy of saline, as
compared with a balanced salt solution, is warranted.

D ose a nd Volume s
The requirements for and response to fluid resuscitation vary greatly during the course of any
critical illness. No single physiological or biochemical measurement adequately reflects the
complexity of fluid depletion or the response to

Table 2. Recommendations for Fluid Resuscitation in Acutely Ill Patients.
Fluids should be administered with the same caution that is used with any intravenous drug.
Consider the type, dose, indications, contraindications, potential for toxicity, and cost.
Fluid resuscitation is a component of a complex physiological process.
Identify the fluid that is most likely to be lost and replace the fluid lost in equivalent volumes.
Consider serum sodium, osmolarity, and acid–base status when selecting a resuscitation fluid.
Consider cumulative fluid balance and actual body weight when selecting the dose of resuscitation fluid.
Consider the early use of catecholamines as concomitant treatment of shock.
Fluid requirements change over time in critically ill patients.
The cumulative dose of resuscitation and maintenance fluids is associated with interstitial edema.
Pathological edema is associated with an adverse outcome.
Oliguria is a normal response to hypovolemia and should not be used solely as a trigger or end point for fluid resuscitation, particularly in the post-resuscitation period.
The use of a fluid challenge in the post-resuscitation period (≥24 hours) is questionable.
The use of hypotonic maintenance fluids is questionable once dehydration has been corrected.
Specific considerations apply to different categories of patients.
Bleeding patients require control of hemorrhage and transfusion with red cells and blood components as indicated.
Isotonic, balanced salt solutions are a pragmatic initial resuscitation fluid for the majority of acutely ill patients.
Consider saline in patients with hypovolemia and alkalosis.
Consider albumin during the early resuscitation of patients with severe sepsis.
Saline or isotonic crystalloids are indicated in patients with traumatic brain injury.
Albumin is not indicated in patients with traumatic brain injury.
Hydroxyethyl starch is not indicated in patients with sepsis or those at risk for acute kidney injury.
The safety of other semisynthetic colloids has not been established, so the use of these solutions is not recommended.
The safety of hypertonic saline has not been established.
The appropriate type and dose of resuscitation fluid in patients with burns has not been determined.
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fluid resuscitation in acute illness. However, systolic hypotension and particularly oliguria are
widely used as triggers to administer a “fluid
challenge,” ranging from 200 to 1000 ml of crystalloid or colloid for an adult patient.
The use of crystalloid and colloid resuscitation fluids, often prescribed by the most junior
members of the clinical team, in addition to
hypotonic “maintenance” fluids, results in increased cumulative doses of sodium and water
over time.46 These increases are associated with
the development of interstitial edema with resultant organ dysfunction.47
Associations between increased cumulative
positive fluid balance and long-term adverse
outcomes have been reported in patients with
sepsis.48 In trials of liberal versus goal-directed
or restrictive fluid strategies in patients with the
acute respiratory distress syndrome (particularly
in perioperative patients),49,50 restrictive fluid
strategies were associated with reduced morbidity. However, since there is no consensus on the
definition of these strategies, high-quality trials
in specific patient populations are required.46
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Although the use of resuscitation fluids is one
of the most common interventions in medicine,
no currently available resuscitation fluid can be
considered to be ideal. In light of recent highquality evidence, a reappraisal of how resuscitation fluids are used in acutely ill patients is now
required (Table 2). The selection, timing, and
doses of intravenous fluids should be evaluated
as carefully as they are in the case of any other
intravenous drug, with the aim of maximizing
efficacy and minimizing iatrogenic toxicity.
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