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Intravenous saline solutions were first introduced into
clinical practice in the Sunderland cholera epidemic of
1831 [1]. More than 150 years later, not only is 0.9 %
saline the most commonly used intravenous fluid in crit-
ically ill patients, it is also the fluid that has been
administered to the largest number of critically ill patients
in randomised controlled trials [2, 3]. It is cheap and
readily available, and more than a million litres of intra-
venous 0.9 % saline are administered to patients around
the world every day [1]; however, although it is widely
known as ‘normal saline’, 0.9 % saline is neither normal
nor physiological [4]. In fact, the concentration of chlo-
ride in 0.9 % saline is approximately 1.5 times that of
normal plasma. Compared to low chloride solutions like
Hartmann’s, rapid infusion of 0.9 % saline results in
acidosis due to reduced strong ion difference, reduced

renal perfusion and glomerular filtration rate, a tendency
towards reduced urinary output, and even a pronounced
increase in body weight [5, 6]. Recent data raise the
possibility that administration of 0.9 % saline [7] may be
harmful and suggest that using ‘balanced’ solutions with
lower, more physiological, chloride concentrations than
0.9 % saline may be preferable [8–10].

The relationship between the serum chloride concen-
tration and outcome appears to be ‘U-shaped’ so that
values outside of the normal physiological range are
associated with an increased risk of death [11]. Positive
fluid balance is also associated with an increased risk of
death [12]. Because chloride loading and volume loading
often occur together the relative contributions of chloride
overload and volume overload to the apparent increased
mortality risk are uncertain. In this issue of Intensive Care
Medicine, Shaw and colleagues examine, among other
things, the association between the ‘volume-adjusted
chloride load’ and in-hospital mortality in more than
100,000 patients with tachycardia (heart rate over
90 bpm) and at least one other systemic inflammatory
response syndrome (SIRS) criterion [13]. The purpose of
this was to demonstrate the association between chloride
administration and outcome independent of administered
fluid volume. In doing so, Shaw and colleagues were able
to demonstrate, for the first time, an association between
increasing amounts of chloride administered during
crystalloid resuscitation and increased in-hospital mor-
tality which persisted after controlling for the total
volume of fluid administered [13], raising the possibility
that the chloride content of resuscitation fluids might be a
modifiable risk factor for adverse outcomes.

This study adds to previous data which demonstrated
an association between the use of chloride-rich fluids and
adverse outcomes compared to the use of balanced solu-
tions in surgical patients [9] and patients with sepsis [10]
and is consistent with a single centre, open label, before-
and-after period pilot study which showed that a strategy
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of avoiding chloride-rich fluid improved renal outcomes
[8]. Overall, it appears that the association between the
administration of chloride-rich fluids and adverse out-
comes is robust, reproducible and most likely ‘‘dose
dependent’’. Although the hypothesis is that chloride
administration is harmful, the authors themselves
acknowledge that the effects of sodium and chloride
administration are difficult to tease apart. Their data
indicate that in patients receiving fluid volumes greater
than 3,000 ml, increased mortality may occur also with
volume-adjusted sodium load with the lowest risk being
seen in the range of 135–145 mmol/l. This is consistent
with previous data showing that acquired hypernatraemia
is associated with adverse outcomes [14]. Shaw’s study,
like almost all previous studies comparing 0.9 % saline
to balanced crystalloids, is highly subject to confound-
ing. There may well be systematic differences, beyond
the use of 0.9 % saline vs. balanced crystalloids,
between the types of patients who receive higher vs.
lower ‘volume-independent chloride loads’. Similarly,
the treatment provided by doctors who chose to
administer fluids with lower chloride concentrations may
be systematically different to that provided by doctors
using 0.9 % saline. These factors may not be captured in
a database and cannot be controlled for in a retrospec-
tive study. Finally, it must be considered that overall
mortality in the investigated cohort was low and when
performing a multivariate analysis the increased risk of
mortality was around 1 % (OR 1.011, CI 1.008–1.014)
when volume-adjusted chloride load was greater than
110 mmol/l.

Despite this, the hypothesis that balanced crystalloids
offer a safer alternative to fluid resuscitation than 0.9 %
saline is a compelling one and, with this hypothesis in

mind, a co-ordinated programme of interventional studies
comparing 0.9 % saline to a balanced solution is under-
way in Australia and New Zealand. The first of the studies
making up this programme, the SPLIT trial, compared
0.9 % saline to Plasma-Lyte� 148 for ICU fluid therapy
in more than 2,000 patients and completed recruitment on
14 October 2014 [15]. This study should be reported by
mid 2015 and will provide greater clarity in this area.
Another unresolved issue is which anion to use instead of
chloride. Some balanced solutions use lactate, others
acetate or combinations of acetate and malate (Table 1).
Whether the type of anion (buffer) makes any difference
is largely unknown. When orienting at plasma composi-
tion it should probably be bicarbonate; however, this
would require a more complicated and thus costly pro-
duction process (i.e. two-chamber systems) to ensure
stability.

Until large-scale randomised trials demonstrate that
balanced crystalloids are superior to 0.9 % saline, clini-
cians should remain sceptical and equipoise should
persist. While some may chose to use balanced crystal-
loids in preference to 0.9 % saline, those who chose to
continue to use 0.9 % saline should reassure themselves
that their practice is supported by 150 years of clinical
experience [1] and that more 7,000 ICU patients have
received 0.9 % saline in randomised controlled trials [2,
3].
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Table 1 Electrolyte composition and osmolality of commonly used crystalloids

Concentration (mmol/l)

Plasma NaCl 0.9 % Ringer’s lactate ELO-MEL isoton� Plasma-Lyte 148� Sterofundin�

Sodium (mmol/l) 140 154 131 140 140 145
Potassium (mmol/l) 5 0 5 5 5 4
Chloride (mmol/l) 100 154 112 108 98 127
Calcium (mmol/l) 2.2 0 2 2.5 0 2.5
Magnesium (mmol/l) 1 0 0 1.5 1.5 1
Bicarbonate (mmol/l) 24 0 0 0 0 0
Lactate (mmol/l) 1 0 28 0 0 0
Acetate (mmol/l) 0 0 0 45 27 24
Gluconate (mmol/l) 0 0 0 0 23 0
Malate (mmol/l) 0 0 0 0 0 5
Osmolarity (mosmol/l) 280–296a 308 278 302 295 309

Ringer’s lactate (Hartmann’s), Plasma-Lyte 148� and ELO-MEL
isoton� may be considered more ‘‘balanced’’ with regard to chlo-
ride concentration. Ringers Lactate and ELO-MEL isoton� were
from Fresenius Kabi (Graz, Austria), Plasma-Lyte 148� from

Baxter (Deerfield, IL, USA) and Sterofundin� from B Braun
(Melsungen, Germany)
a mosmol/kg
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