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Fluid Therapy and Outcome: Balance Is Best
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Abstract: The use of intravenous fluids is routine in patients
undergoing surgery or critical illness; however, controversy still
exists regarding optimum fluid therapy. Recent literature has
examined the effects of different types, doses, and timing of intra-
venous fluid therapy. Each of these factors may influence patient
outcomes. Crystalloids consist of isotonic saline or balanced elec-
trolyte solutions and widely distribute across extracellular fluid
compartments, whereas colloids contain high-molecular-weight
molecules suspended in crystalloid carrier solution and do not
freely distribute across the extracellular fluid compartments.
Colloids vary in composition and associated potential adverse
effects. Recent evidence has highlighted safety and ethical con-
cerns regarding the use of colloid solutions in critically ill patients,

particularly the use of synthetic starch solutions. which have been
associated with increased morbidity and mortality. Crystalloid
solutions with a chloride-rich composition (e.g., isotonic saline)
have been associated with metabolic acidosis, hyperchloremia,
increased incidence of acute kidney injury, and increased require-
ment for renal replacement therapy. An optimum dose of intrave-
nous fluids remains controversial with no definitive evidence to
support restrictive versus liberal approaches. Further high-quality
trials are needed to elucidate the optimum fluid therapy for
patients, but currently a balanced approach to type, dose, and
timing of fluids is recommended. Keywords: cardiopulmonary
bypass, kidney, outcomes, perioperative care, resuscitation.
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Administration of intravenous fluids is routine in the man-
agement of surgical and critically ill patients. Recent pub-
lished randomized controlled trials and systemic reviews have
examined the efficacy, morbidity, and mortality associated
with the use of different types, timing, and doses of intrave-
nous fluids and suggest that each of these factors may influ-
ence outcomes for patients (1-6). However, controversies
still exist with regard to the ideal type, dose, and timing of
intravenous fluid for perioperative and critically ill patients.

This review re-examines the evidence to date with par-
ticular focus on current best practice in the specialties of
perfusion, anesthesia, and critical care and on how a bal-
anced approach to all domains of fluid administration may
positively influence clinical outcomes.

TYPES OF FLUID: CRYSTALLOID VERSUS COLLOID

Definitions
Crystalloid fluids consist of isotonic saline (e.g., .9%
saline, normal saline) or balanced electrolyte solutions
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(e.g., Plasmalyte, Ringer’s lactate) and are considered to
rapidly and widely distribute across the extracellular fluid
compartments after administration. Colloids are fluids
with a crystalloid carrier solution containing suspended
large-molecular-weight molecules, which do not freely
diffuse across the extracellular fluid compartments (e.g.,
albumin, hydroxyethyl starch) and therefore exert colloid
oncotic pressure. Colloids have traditionally been thought
to remain in the intravascular fluid compartment for a
prolonged period after administration in contrast to crys-
talloids. Thus, colloids have been used as volume-sparing
agents with the proposed benefits of less overall volume
required for resuscitation and restoration of intravascular
volume and therefore less interstitial edema and possibly
less hemodilution for patients. However, several factors
may alter the distribution of colloid solutions, including
patient volume status, the integrity of the vascular endo-
thelium, systemic inflammation, and the use of alpha-
adrenergic agonists and therefore alter the effectiveness
of colloids as volume-sparing agents.

Colloid Subtypes: Albumin, Gelatins,
and Synthetic Starches

Within colloids are several subtypes of fluid. Albumin
is a fluid containing the human plasma protein, derived
from pooled human plasma, most commonly in 4% solution
and usually suspended in isotonic saline, while synthetic
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colloids such as Hespan®, Voluven®, and Volulyte® contain
6% hydroxyethyl starch (HES) derived from plant sources,
suspended in balanced crystalloid solution. Older colloids
include Haemaccel® and Gelofusin® containing succinylated
gelatin molecules derived from animal sources and sus-
pended in balanced crystalloid solutions. Each type of
colloid has potential risks associated with use; albumin
as a blood product has a potential risk of infection and
synthetic colloids have potential risks of coagulopathy,
end organ damage, and anaphylactoid reactions. The com-
position of commonly administered fluids is summarized
in Table 1.

Outcomes

Several large randomized controlled trials have recently
examined the use of crystalloid versus colloid solutions.
Important differences according to which colloid was used
have been demonstrated.

In 2004, the SAFE Study, a large multicenter random-
ized controlled trial, investigated the use of .9% saline
versus 4% albumin for fluid resuscitation in 6997 intensive
care patients. Total fluid administration between the two
groups differed over the first 4 days with a ratio of volume
of albumin to volume of saline of 1:1.4. This represented
an approximate mean difference of 800—900 mL of fluid
over this time, a clinically modest amount. No differences
in overall mortality or outcomes at 28 days were demon-
strated, although in preplanned subgroup analysis, albu-
min was associated with differential outcomes (adverse
outcome in traumatic brain injury, improved outcome in
severe sepsis) (2).

The use of colloids has traditionally been recommended
as a method of minimizing total volume of fluid required
for resuscitation in comparison with crystalloids. The
expected ratio of volume of crystalloid to colloid adminis-
tered for the same degree of intravascular fluid expansion
is approximately 5—1. However, as highlighted, trials have
demonstrated that the estimated additional volume expan-
sion with colloids in place of crystalloids is much smaller
in vivo than estimated based purely on physicochemical

Table 1. Composition of common crystalloid and colloid fluids [5].

properties and Starling’s Laws (1,2). This reflects the fact
that the endothelial glycocalyx layer is damaged in many
critically ill and surgical patients and is unable to maintain
full integrity. The endothelial glycocalyx is a delicate layer
of glycoproteins, glycosaminoglycans, proteoglycans, and
associated plasma proteins, present on endothelial cells,
and is vital in determining endothelial permeability. This
layer is easily damaged by inflammation (e.g., surgery,
sepsis, and critical illness), ischemia, hyperglycemia, and
by exposure to altered intravascular volume status (e.g.,
during cardiopulmonary bypass). Damage to the endo-
thelial glycocalyx causes increased endothelial perme-
ability and allows more rapid diffusion of molecules and
carrier fluid into the interstitium than would otherwise
be predicted. Also, injury to the glycocalyx may be asso-
ciated with increased inflammation and loss of vascular
responsiveness (7). The crystalloid to colloid ratio is esti-
mated from large trials to be only 1.2-1.4-1 (1,2). Addi-
tional to interstitial edema resulting from administration
of all fluids, there is significant concern regarding tissue
injury with synthetic colloids as a result of accumulation
of synthetic molecules in the interstitium after breaching
the endothelium with toxic effects previously described in
the kidney, liver, and bone marrow (8).

In 2012, the 6S Trial Group and the Scandinavian Criti-
cal Care Trials Group reported results from a large multi-
center, parallel-group, randomized, blinded trial comparing
fluid resuscitation in the intensive care unit with 6% HES
versus Ringer’s acetate in 798 patients with severe sepsis (8).
This study demonstrated increased risk of mortality at
Day 90 (relative risk 1.17) and increased risk of renal
replacement therapy (relative risk 1.35) in patients treated
with HES. Additionally, patients treated with HES received
more allogeneic blood product transfusions. There were
no differences in the total volumes of fluid used between
the two groups. A further study published in 2012 com-
pared the use of HES or .9% saline for resuscitation in
intensive care (1). A total of 7000 patients admitted to an
intensive care unit (ICU) were randomly allocated to
receive 6% HES or .9% saline for all fluid resuscitation

Electrolyte Ringer’s Voluven Hydroxyethyl
(mmol/L) Plasmalyte Normal Saline Lactate Albumin 4% Starch 6% Gelofusin

Sodium 140 154 131 140 154 154
Potassium 5 0 5 0 0 0
Chloride 98 154 111 128 154 125
Calcium 0 0 2 0 0 0
Magnesium 1.5 0 1 0 0 0
Bicarbonate 0 0 0 0 0 0
Lactate 0 0 29 0 0 0
Acetate 27 0 0 0 0 0
Gluconate 23 0 0 0 0 0
Octanoate 0 0 0 6.4 0 0
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until discharge from the ICU. There was no significant
difference in mortality between the two groups but an
increased use of renal replacement therapy in patients
treated with HES. Additionally, an increase in adverse
events (e.g., pruritus, skin rash) occurred in the HES-
treated group. There was again only a modest difference
in the volume of fluid administered between groups.

In a recent randomized study of patients undergoing
elective cardiac surgery, infusion of 5% albumin solution
was compared with 6% HES and Ringer’s lactate in doses
of up to 50 mL/kg/day with outcomes of blood loss through
chest drainage tubes, hemodilution, coagulation abnormali-
ties, and total blood transfusions compared (9). HES and
5% albumin use were associated with increased hemodilu-
tion, adverse effects on coagulation, and increased transfu-
sion of blood products compared with Ringer’s lactate use.

It is important to recognize that the use of both crystal-
loid and colloid solutions for resuscitation is as an alterna-
tive to blood and blood product transfusion. Whereas a
discussion of transfusion therapy is beyond the scope of this
review, it is worth noting that multiple factors, including
increased cost, limited resource availability, and associa-
tions with increased morbidity and mortality with blood
and blood product use, contribute to the use of crystalloids
and colloids. Conversely, however, use of both colloids and
crystalloids in excess are associated with hemodilution and
its adverse effects: dilutional coagulopathy and dilutional
anemia. In a study of 108 patients undergoing coronary
artery bypass grafting, profound hemodilution (hematocrit
5-18% on cardiopulmonary bypass) compared with mod-
erate hemodilution (hematocrit > 27% on cardiopulmo-
nary bypass) was associated with increased neurocognitive
decline, but the moderate hemodilution group was associ-
ated with greater incidence of blood transfusion and pulmo-
nary complications (10). These findings illustrate well the
dilemma of transfusion therapy; that is, too much blood
may be deleterious, but too little blood may well have
even worse effects. The optimum or even minimum safe
levels of hematocrit are not yet established.

Conclusions

Overall, the use of synthetic colloids in critically ill
patients confers no benefit and is associated with significant
harm and increased cost. Several organizations including
the Federal Drug Agency of the United States and the
European Medicines Agency have issued statements and
guidelines recommending the cessation of synthetic col-
loid use in critically ill patients, patients with sepsis, and
those with renal dysfunction (11-13). The Medicine and
Healthcare products Regulatory Agency of the United
Kingdom (MHRA) suspended the use of HES for all
patients in June 2013. The manufacturers of Hespan®
include a warning in the package insert that it is not
recommended for use in cardiopulmonary bypass or
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patients undergoing cardiac surgery as a result of the
potential bleeding risks. Whereas the use of these fluids in
noncritically ill and routine surgical patients is not as well
studied, given the absence of documented benefit, potential
for harm, and clearly increased cost compared with crys-
talloid solutions, their use is not recommended. In this
author’s institution, synthetic colloids have been removed
from the hospital formulary. In addition, because albumin
has been demonstrated as a safe colloid fluid in most crit-
ically ill patients, it may be used in the limited number of
patients in whom a benefit is expected in modest volume-
sparing and prolongation of intravascular expansion.

CRYSTALLOID SOLUTIONS: BALANCED
ELECTROLYTE SOLUTIONS VERSUS
ISOTONIC SALINE

Recently, research regarding optimal fluid therapy has
focused on the use of balanced crystalloid solutions (e.g.,
Ringer’s acetate, Plasmalyte) in comparison with normal
saline as a result of concerns regarding the deleterious
effects of administration of normal saline, particularly in
relation to metabolic, gastrointestinal, renal, and coagula-
tion side effects.

Isotonic .9% (normal) Saline

Normal saline contains 154 mmol/L sodium and
154 mmol/L chloride ions with an osmolality of 287 mOsm/
kg H,O (identical to plasma osmolality). Infusion of large
volumes of isotonic saline (e.g., cardiopulmonary bypass
prime, fluid replacement intraoperatively) therefore results
in a chloride load and dilution of plasma anions causing
dilutional hyperchloremic metabolic acidosis.

Balanced Solutions

Different balanced solutions exist; however, all have
electrolyte compositions similar to that of plasma, as
outlined in Table 1. Organic anions such as lactate, ace-
tate, and gluconate are used as buffers to provide in vitro
isotonicity but are rapidly metabolized after intravenous
infusion, resulting in decreased osmolarity in vivo. Infusion
of large volumes of balanced crystalloid solutions does not
produce a large chloride load and has less dilution effect
(because rapid diuresis is evoked by suppression of anti-
diuretic hormone release, which occurs as a result of the
in vivo hypotonicity). Balanced solutions therefore have
preserved acid-base homeostasis, and chloride levels
remain normal.

Outcomes

Controversy exists regarding the metabolic acidosis
induced by saline, whether the acidosis affects clinical out-
comes or is simply a side effect of saline, which is transient
and benign. There is currently no clear evidence to elucidate
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this. However, the effects of excess chloride resulting from
saline administration are more clearly understood.

Renal and Gastrointestinal Effects

Chloride is regulated by absorption and secretion in
the gastrointestinal tract and reabsorption and excretion
by the kidney. Excess chloride induces renal vasocon-
striction through reabsorption and tubuloglomerular feed-
back, decreasing glomerular filtration rate and renin
activity, whereas increasing responsiveness to angioten-
sin IT (14). These effects reduce renal blood flow, diuresis,
and natriuresis. Chloride may also cause thromboxane
release and increased responsiveness to circulating vaso-
constrictors (15).

A 2012 study in healthy volunteers demonstrated sus-
tained hyperchloremia after .9% saline infusion associated
with reduced renal blood flow and reduced renal cortical
tissue perfusion. Infusion of Plasmalyte was not associated
with these changes. Also, whereas blood volume changes
were identical, a greater subsequent expansion of the
extravascular fluid compartment was observed with saline
infusions (16). In a small study of elderly patients under-
going major surgery, infusion of saline solution (or 6%
HES in saline solution) versus balanced solution (or 6%
HES in a balanced solution) was associated with a more
prolonged time to first micturition, significant metabolic
acidosis, and worsened gastric mucosal tonometry (17).
A study of 1407 intensive care patients treated with either
a chloride-liberal or a chloride-restrictive strategy demon-
strated a significant increase in acute kidney injury (AKI)
as defined by the RIFLE (Risk, Injury, Failure, Loss,
ESRD) criteria and in the use of renal replacement ther-
apy (RRT) in the chloride-liberal group. No mortality
differences were demonstrated (18). Finally, a large obser-
vational study of 30,994 patients undergoing abdominal
surgery who received either .9% saline or a balanced crys-
talloid solution demonstrated increased morbidity with the
use of .9% saline with increased infection risk, increased
AKI, and requirement for RRT and increased requirement
for blood transfusion (19).

Infection

Hyperchloremia is associated with proinflammatory
and procytokine effects (14). In patients with hyper-
chloremia, altered immune responses may increase the risk
of infection. Also, acute kidney injury and RRT increase
infection risk.

Coagulation and Bleeding Effects

In high doses, .9% saline may cause coagulopathy (19).
Mechanisms contributing to this include dilution, acidosis,
and the absence of calcium within the saline solution (14).
Clinical studies are limited and no difference in bleeding
or blood product use has been consistently demonstrated.

Colloids

Some studies have reviewed colloids in balanced versus
saline solutions. In a 2006 study of 81 patients undergoing
cardiac surgery, HES in a balanced solution or normal
saline was administered with comparison of total volumes
required, serum pH, serum chloride, and base excess levels.
No differences in volume of fluid required were noted
between groups. Lower chloride levels and corresponding
higher pH and base excess levels occurred in the group
administered HES in a balanced solution carrier. No mor-
bidity or mortality outcomes were measured in this study,
however (20).

Future Research

Further large randomized trials are warranted to exam-
ine the incidence and effects of hyperchloremia in hospi-
talized patients and patient subgroups such as cardiac
surgery. The chloride content is not the only difference
between .9% saline and balanced crystalloids, and the
possible beneficial effects of buffers or lactate should also
be studied.

Conclusions

Recent research is consistent in demonstrating possible
harm with the use of.9% saline versus balanced crystal-
loids in fluid therapy. The exact mechanisms and extent of
possible harm are not fully elucidated, and more research
is likely to be beneficial.

BALANCE IN DOSES: RESTRICTIVE VERSUS
LIBERAL ADMINISTRATION

Fluid therapy is often used to achieve hemodynamic tar-
gets such as cardiac output, mean arterial blood pressure,
and central venous pressure; however, overadministration
of fluid may be as harmful as inadequate fluid resuscita-
tion. The optimum hemodynamic targets for achieving
end-organ perfusion are still not known, are likely to vary
between patients, and may vary over time for an individual
patient. Excess fluid may impair tissue oxygenation, wound
healing, and is associated with AKI (21).

The Fluid Expansion As Supportive Therapy (FEAST)
trial compared bolus fluid resuscitation (saline or albu-
min) with standard slow rehydration therapy in more than
3000 children in sub-Saharan Africa presenting to the
hospital with severe infections. The trial demonstrated
increased mortality with fluid bolus therapy with either
saline or albumin when compared with standard rehydra-
tion (22). In contrast, studies of early goal-directed ther-
apy have demonstrated improved outcomes including
reduced mortality with fluid bolus therapy directed by
hemodynamic targets and protocolized treatment path-
ways (23).
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Several trials are currently in progress examining opti-
mal fluid dosing and timing regimens (e.g., REstrictive
versus LIbEral Fluid therapy in major abdominal surgery
[RELIEF] trial).

SUMMARY

Current evidence suggests that there is no benefit, but
significant harm, associated with the use of synthetic colloid
solutions as intravenous fluids. Because synthetic colloid
solutions also have increased cost compared with crystal-
loid solutions, their continued use cannot be justified. The
use of albumin remains controversial and in most clinical
circumstances offers no benefit over crystalloid solutions.
However, albumin use may be appropriate in clinical cir-
cumstances where even small differences in fluid balance
are important for patients or in patients with severe sepsis.

There is increasing evidence in favor of the use of bal-
anced crystalloid solutions rather than isotonic saline with
reduced metabolic acidosis and reduced AKI in patients
treated with balanced crystalloid versus isotonic saline solu-
tions. Large randomized controlled trials are needed to con-
firm the benefits of balanced solutions over normal saline.

Not only is the type of fluid administered clinically rele-
vant, but the dose of fluid is likely to contribute to clinical
outcomes with excess fluid administration associated with
increased tissue edema, coagulopathy, acidosis, hemodilu-
tion, and potential organ dysfunction, whereas inadequate
fluid resuscitation may be associated with inadequate car-
diac output and organ perfusion with resultant dysfunc-
tion. No single method for determining appropriate fluid
dose and targets for resuscitation exists currently with
clinical markers of adequate resuscitation and monitoring
adjuncts used most commonly.

Overall, this author advocates careful consideration
of the indication for fluid administration, any potential con-
traindications and adverse effects that may be associated
with a particular fluid, and consideration and careful moni-
toring of the resuscitation targets for any individual patient.
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