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Abstract

Objective: Patients commonly receive
i.v. fluids in the ED. It is still unclear
whether the choice of i.v. fluids in this
setting influences renal or patient out-
comes. We aimed to assess the effects
of restricting i.v. chloride administra-
tion in the ED on the incidence of
acute kidney injury (AKI).
Methods: We conducted a before-
and-after trial with 5008 consecutive
ED-treated hospital admissions in the
control period and 5146 consecutive
admissions in the intervention period.
During the control period (18 February
2008 to 17 August 2008), patients
received standard i.v. fluids. During the
intervention period (18 February 2009
to 17 August 2009), we restricted all
chloride-rich fluids. We used the Kid-
ney Disease: Improving Global Out-
comes (KDIGO) staging to define AKI.
Results: Stage 3 of KDIGO-defined
AKI decreased from 54 (1.1%; 95%
confidence interval [CI] 0.8–1.4) to
30 (0.6%; 95% CI 0.4–0.8)
(P = 0.006). The rate of renal replace-
ment therapy did not change, from
13 (0.3%; 95% CI 0.2–0.4) to
8 (0.2%; 95% CI 0.1–0.3) (P = 0.25).

After adjustment for relevant covari-
ates, liberal chloride therapy remained
associated with a greater risk of
KDIGO stage 3 (hazard ratio 1.82;
95% CI 1.13–2.95; P = 0.01). On
sensitivity assessment after removing
repeat admissions, KDIGO stage
3 remained significantly lower in the
intervention period compared with
the control period (P = 0.01).
Conclusion: In a before-and-after
trial, a chloride-restrictive strategy in
an ED was associated with a signifi-
cant decrease in the incidence of
stage 3 of KDIGO-defined AKI.
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Introduction
Intravenous fluids are commonly
prescribed for the treatment of hos-
pital patients, including ED patients.
However, which i.v. crystalloid
fluids should be used for such ther-
apy remains controversial and is the
subject of ongoing research.1–4

Most of the studies in this area
have focused on surgical and

critically ill patients.5–7 Such studies
have suggested that using balanced
solutions and avoiding chloride-rich
solutions may protect the kidneys
from additional injury5 or may
reduce in-hospital mortality.6,7 In this
regard, a before-and-after study of
restrictive versus liberal i.v. chloride
fluid administration in a tertiary
ICU,8,9 showed an increased incidence
of acute kidney injury (AKI) in the
liberal i.v. chloride group. In contrast,
a recent four-centre cluster rando-
mised controlled trial showed no dif-
ference in AKI outcomes between
chloride-liberal 0.9% saline and
chloride-restrictive Plasma-Lyte
148 groups of critically ill patients.10

However, the above studies were
affected either by marked confound-
ing changes in the use of artificial
colloids8,9 or by the limited statistical
power associated with a cluster trial
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Key findings
• A chloride-restrictive fluid

strategy was successfully
implemented in the ED of a
university hospital.

• Such a chloride-restrictive
fluid strategy in an ED was
associated with a decrease in
stage 3 KDIGO-defined AKI
in patients admitted to the
hospital for more than 48 h.

• Such a chloride-restrictive
fluid strategy was not associ-
ated with changes in the need
for renal replacement therapy.
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design.10 More relevant to this inves-
tigation, neither study addressed the
impact of chloride restriction during
fluid therapy for ED patients,
another important cohort of patients
who are exposed to significant fluid
administration.
We hypothesised that a chloride-

restrictive i.v. fluid strategy implemen-
ted in the ED might also be associated
with decreased severity of AKI during
hospital admission and conducted a
before-and-after study to test this
hypothesis.

Methods
Study design and setting

We conducted a prospective, open-
label, before-and-after study in the
ED of the Austin Hospital, a tertiary
care hospital affiliated with the Uni-
versity of Melbourne. The local
Human Research Ethics Committee
approved the study and waived the
need for informed consent
(Reference: H2008/03445).

Study population

We included all consecutive adult
admissions to the hospital through
the ED during a 6 month control
period (18 February 2008 to
17 August 2008) and a 6 month
intervention period (18 February
2009 to 17 August 2009). Using the
Austin Hospital Inpatient Separation
Episodes Database, we excluded
patients who had hospital admissions
of less than 48 h, patients with either
pre-existing end-stage kidney disease
receiving chronic dialysis or pre-
existing AKI at ED presentation
(defined as Kidney Disease: Improv-
ing Global Outcomes [KDIGO] 2 or
3 on first serum creatinine reading in
ED). We also excluded patients who
were lost to follow up, that is patients
with missing creatinine values. There
were 468 such patients (7.7% of the
original number) in the control group
and 485 (7.8%) in the intervention
group.

Study protocol

During the 6 month control period,
the choice of i.v. fluids for all patients

seen in the ED was based on clinician
preferences. None of the clinicians
was aware of the plan to subse-
quently restrict i.v. fluids to low chlo-
ride solutions. The types of fluids
available included 0.9% saline (chlo-
ride concentration: 150 mmol/L)
(Baxter, Old Toongabbie, NSW, Aus-
tralia), lactated crystalloid solution
(chloride concentration: 109 mmol/L)
(Hartmann’s solution, Baxter), bal-
anced buffered solution (chloride con-
centration: 98 mmol/L) (Plasma-Lyte
148, Baxter) and succinylated gelatin
solution (chloride concentration:
120 mmol/L) (Gelofusine, B. Braun,
Melsungen, Germany).
We used the next 6 months as a

‘washout period’. During this period,
we announced the decision to
remove chloride-rich fluids from ED
practice and educated all ED staff on
the shift in i.v. fluid practice to a
chloride-restrictive approach.
During the 6 month intervention

period, we then restricted the
i.v. fluids used in the ED to low chlo-
ride solutions only. All patients seen
in ED received either lactated crystal-
loid solution (chloride concentration:
109 mmol/L) (Hartmann’s solution,
Baxter) or balanced buffered solution
(chloride concentration: 98 mmol/L)
(Plasma-Lyte 148, Baxter).
During this period, chloride-rich

fluids were now available only for
specific conditions such as severe
hyponatremia and traumatic brain
injury and under prescription by an
ED specialist.
The choice of i.v. fluids on the

general hospital wards, following
admission through the ED, was not
modified and was left to clinician
preferences.

Measurements and outcomes

We collected key demographic data
including age, sex and admitting
diagnosis of all the enrolled admis-
sions. We retrieved pre-hospital
admission serum creatinine concen-
trations and daily morning creatinine
concentrations during hospital
admission from the computerised
central laboratory database.
The primary outcome was the inci-

dence of AKI according to the
KDIGO creatinine definitions during

the hospital admission.11 Secondary
outcomes included the need for renal
replacement therapy (RRT), length
of stay in hospital and hospital sur-
vival. We defined baseline creatinine
concentration as the lowest creati-
nine concentration available prior to
hospital admission; when a measure-
ment was not available, we esti-
mated creatinine concentration using
the Modification of Diet in Renal
Disease (MDRD) equation (assum-
ing a lower limit of normal baseline
glomerular filtration rate of 75 mL/
min).12

Data analyses

As sample size was determined by
the number of patients admitted dur-
ing two 6 month periods, the follow-
ing power calculations have been
performed retrospectively. With
more than 4300 patients admitted to
ED per 6 months, this study had an
87% power (two-sided P-value of
0.01) to detect a difference in the
absolute proportion of patients with
AKI of 1% (1% vs 2%) and a 90%
power to detect an absolute differ-
ence in the proportion of patients
requiring RRT of 0.7% (0.3% vs
1.0%). Differences of these magni-
tudes were judged to be both possi-
ble and of clinical importance.
All statistical analyses were per-

formed using STATA version 11 (Stata-
Corp, College Station, TX, USA)
and SAS version 9.4 (SAS Institute,
Cary, NC, USA). We performed
baseline comparisons using χ2 tests
for equal proportion with results
reported as numbers, percentages
and 95% confidence intervals (CIs).
Continuous normally distributed
variables were compared using Stu-
dent’s t-tests and presented as means
(95% CI), while non-normally dis-
tributed data was compared using
Wilcoxon signed-rank sum tests and
presented as medians (interquartile
range [IQR]). Outcomes were com-
pared using Cox-proportional
hazards regression for time to event
analysis, logistic regression for bino-
mial outcomes and linear regression
for log-transformed lengths of stay,
with results presented as hazard
ratios (95% CI), odds ratios (95%
CI) and geometric means (95% CI),
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respectively. To account for compet-
ing risk, survival times are presented
as cumulative incidence graphs
with a corresponding comparison of
groups performed using Gray’s test.13

Multivariable models were con-
structed adjusting for the pre-defined
covariates; sex, age, diagnosis, surgi-
cal status, admission number per
patient and baseline creatinine. To
further account for repeat admis-
sions, additional sensitivity analysis
was conducted considering each
patient’s first admission only. Pro-
portional hazard assumptions were
assessed using log-log plots, while
goodness of fit and model discrimina-
tion for logistic regression models
were reported using Hosmer-
Lemeshow test and area under
receiver operating characteristic
curve (95% CI), respectively. To
increase the robustness of our find-
ings, a two-sided P-value of 0.01
was used to indicate statistical
significance.

Results
Characteristics of study subjects

We studied 8638 patients experien-
cing 10 154 ED admissions: 4299
patients experiencing 5008 admis-
sions during the control period and
4339 patients experiencing 5146
admissions during the intervention
period. The baseline characteristics of
the patients during the control and the
intervention periods are shown in
Table 1. The two groups were similar
with regard to age, sex, admission
diagnosis and baseline creatinine con-
centration. During the control period,
3216 admissions (64.2%; 95% CI
62.9–65.5) did not have a baseline
creatinine level available and had the
level estimated with the MDRD equa-
tion compared with 3294 admissions
(64%; 95% CI 62.7–65.3) during the
intervention period (P = 0.83).
Table 2 shows the composition of

the study fluids. The intervention
resulted in significant changes in
i.v. fluid therapy in the ED. Overall,
0.9% saline prescription decreased
from 7200 to 79 L (99% reduction;
1.4 vs 0.02 L/admission; P < 0.001)
and 4% gelatin solution from 112 to
1.5 L (99% reduction, 0.02 vs

0.003 L/admission; P < 0.001). Con-
versely, Hartmann’s solution pre-
scription increased from 870 to
8217 L (89% increase, 0.2 vs 1.6 L/
admission; P < 0.001) and Plasma-
Lyte prescription from 49 to 230 L
(79% increase, 0.001 vs 0.04 L/
admission; P < 0.01), with an overall
saving of AUD2143.4.

The above changes in fluid therapy
translated into a decrease in fluid-
related chloride administration by a
total of 262 984 mmol, or from
238 to 181 mmol/admission over the
6 month period. Similarly, sodium
administration decreased from
243 to 215 mmol/admission. In con-
trast, study fluid-related potassium

TABLE 1. Baseline characteristics of the patient admissions during the con-
trol and intervention periods†

Number (%) [95% CI] of admissions‡

Control period
(n = 5008)

Intervention period
(n = 5146)

Male 2692 (54) [52–55] 2754 (54) [52–55]

Surgical status§ 1187 (23) [22–24] 1167 (24) [23–25]

Repeat admission 709 (14) [13–15] 807 (16) [15–17]

Diagnostic group

Cardiology 412 (8.2) [7.5–9.0] 360 (7) [6–8]

Colorectal 161 (3.2) [2.8–3.7] 174 (3.4) [2.9–3.9]

Emergency 530 (10.6) [9.8–11.5] 546 (10.6) [9.8–11.5]

Endocrinology 50 (1) [0.8–1.3] 51 (1) [0.8–1.3]

General medicine 1244 (25) [24–26] 1198 (23) [22–24]

Haematology 71 (1.4) [1.1–1.8] 90 (1.7) [1.4–2.1]

Hepatobiliary 281 (5.6) [5.0–6.3] 305 (5.9) [5.3–6.6]

Infectious disease 54 (1.1) [0.8–1.4] 78 (1.5) [1.2–1.9]

Liver 90 (1.8) [1.5–2.2] 73 (1.4) [1.1–1.8]

Neurology 134 (2.7) [2.3–3.2] 136 (2.6) [2.2–3.1]

Neurosurgery 56 (1.1) [0.9–1.5] 66 (1.3) [1.0–1.6]

Oncology 249 (5) [4.4–5.6] 259 (5) [4.5–5.7]

Orthopaedics 267 (5.3) [4.7–6.0] 297 (5.8) [5.2–6.4]

Plastic surgery 128 (2.6) [2.2–3.0] 83 (1.6) [1.3–2.0]

Respiratory 221 (4.4) [3.9–5.0] 265 (5.1) [4.6–5.8]

Spinal 61 (1.2) [0.9–1.6] 63 (1.2) [1.0–1.6]

Stroke 239 (4.8) [4.2–5.4] 276 (5.4) [4.8–6.0]

Upper gastrointestinal 246 (4.9) [4.4–5.6] 289 (5.6) [5.0–6.3]

Urology 91 (1.8) [1.5–2.2] 83 (1.6) [1.3–2.0]

Mean (95% CI)

Age in years 63.9 (63.3–64.5) 63.2 (62.6–63.8)

Baseline creatinine
(μmol/L)

86.5 (85.8–87.2) 86.0 (85.3–86.7)

†International System of Units conversion factor: to convert creatinine to
mg/dL, divided by 88.4. ‡The control period was from 18 February 2008 to
17 August 2008, and the intervention period was from 18 February 2009 to
17 August 2009. §Had surgery during the admission. CI, confidence interval.

© 2017 Australasian College for Emergency Medicine and Australasian Society for Emergency Medicine

CHLORIDE-RESTRICTIVE FLUID STRATEGY 3



administration increased from 2.4 to
9 mmol/patient and lactate adminis-
tration from 5 to 46 mmol/patient.

Primary outcomes

Table 3 shows the KDIGO definition
and the staging of AKI.11 The
patients who were admitted to the
ward for more than 48 h after
receiving a chloride-restrictive fluid
strategy in the ED had a statistically
significant lower incidence of stage
3 KDIGO-defined AKI and a non-
significant decrease in RRT use
(Table 4). Cumulative incidence

plots of both outcomes are presented
in Figures 1 and 2.
Compared with the intervention

period, the risk of stage 3 of KDIGO-
defined AKI remained significantly
greater during the chloride-rich con-
trol phase for both crude (hazard
ratio 1.83; 95% CI 1.16–2.89;
P = 0.01) and adjusted (hazard ratio
1.74; 95% CI 1.10–2.76; P = 0.01)
levels. These findings were confirmed
when analysed using logistic regres-
sion with crude odds ratio 1.86
(95% CI 1.19–2.91; P = 0.01) and
adjusted odds ratio 1.81 (95% CI
1.14–2.85; P = 0.01). These findings

remained significant when consider-
ing only first admissions to ED
(Tables S1 and S2). Table S3 shows
the simplified baseline characteristics
of the stage 3 of KDIGO-defined AKI
subgroup of patients, and the time to
the stage 3 KDIGO-defined AKI
event.

Secondary outcomes

A total of 210 patients died in hospi-
tal (4.9%; 95% CI 4.3–5.5) during
the control period compared with
192 patients (4.4%; 95% CI
3.8–5.2) during the intervention
period (P = 0.31). Median hospital
length of stay was 4 days (IQR: 2–9
days) versus 4 days (IQR: 2–8 days),
respectively (P = 0.14). Table S4
shows the secondary outcomes of
the stage 3 of KDIGO-defined AKI
subgroup of patients.

Discussion
Key findings

In a before-and-after study invol-
ving more than 8000 patients
admitted to hospital through the
ED of a tertiary hospital, we found
that a chloride-restrictive fluid
management approach was associ-
ated with a significant decrease in
KDIGO stage 3 AKI.

Comparison with previous
studies

To our knowledge, no interventional
studies have assessed the renal effects
of a chloride-restrictive i.v. fluid
strategy for ED patients. The closest
relevant study is a recent large retro-
spective cohort investigation that
studied the initial fluid choice in the
first two hospital days among more
than 60 000 patients diagnosed with
sepsis.14 However, this study focused
on in-hospital mortality instead of
renal outcomes and found a signifi-
cant association between a chloride-
liberal initial fluid choice and higher
mortality.
The reduced incidence of stage

3 KDIGO seen in our study is con-
sistent with controlled double-
blinded human studies that reported
better renal cortical tissue perfusion

TABLE 2. Composition and prices of study fluids†

0.9%
Saline

Hartmann’s
solution

4%
Gelatin

Plasma-
Lyte 148

Sodium 150 129 154 140

Potassium 0 5 0 5

Chloride 150 109 120 98

Calcium 0 2 0 0

Magnesium 0 0 0 1.5

Lactate 0 29 0 0

Acetate 0 0 0 27

Gluconate 0 0 0 23

Octanoate 0 0 0 0

Price‡ $1.09/L $1.06/L $23/L $2.15/L

†All concentrations in mmol/L. ‡All prices in AUD.

TABLE 3. KDIGO definition and staging of AKI11†

Stage Serum creatinine Urine output

1 1.5–1.9 times baseline
OR ≥26.5 μmol/L increase
within 48 h

<0.5 mL/kg/h for 6–12 h

2 2.0–2.9 times baseline <0.5 mL/kg/h for ≥12 h

3 3.0 times baseline OR increase in
serum creatinine to
≥353.6 μmol/L OR initiation
of renal replacement therapy

<0.3 mL/kg/h for ≥24 h OR
anuria ≥12 h

†AKI is defined as any of the following: increase in serum creatinine by
≥26.5 μmol/L within 48 h; or increase in serum creatinine ≥1.5 times baseline,
which is known or presumed to have occurred within the prior 7 days; or urine
volume <0.5 mL/kg/h for 6 h. AKI, acute kidney injury; KDIGO, Kidney Dis-
ease: Improving Global Outcomes; OR, odds ratio.
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with lower chloride fluids compared
with saline.15,16 It is also consistent
with several previous observational
clinical studies linking excessive
chloride administration and chloride
levels with increased risk of renal
dysfunction or mortality.5–9

Significance of study findings

Our before-and-after study provides
evidence to suggest that the initial
fluid choice in the treatment of ED
patients may have an impact on sub-
sequent renal outcomes during their

hospital stay. As such, it implies that
ED implementation of a chloride-
restrictive strategy may reduce the
incidence of severe AKI (KDIGO
stage 3). This observation adds to
existing concerns with the use of
0.9% saline17–20 and to the long list
of studies that have highlighted
worse outcomes5–9,21 with 0.9%
saline instead of balanced crystal-
loids. Our findings indirectly support
the avoidance of chloride-rich gelatin
solutions, also separately linked with
unfavourable renal outcomes,22 and,
given the equivalent cost of lactated

solutions, imply that there is no cost
benefit of giving saline to ED
patients. Thus, from a renal point
view and a healthcare cost point of
view, our study implies that there is
no logical reason to administer saline
to ED patients outside of specific
indications.

Strengths of study

To our knowledge, this is the first
study to compare the changes in
renal outcomes associated with an
i.v. fluid therapy strategy based on a
chloride-restrictive approach versus
a chloride-liberal approach in the
ED setting. Moreover, the study
population was large and the out-
come difference remained significant
after correction for baseline charac-
teristics. Finally, the changes in
i.v. fluid practice and the separation
in the amount of chloride given were
clear with decreased chloride admin-
istration by more than a quarter mil-
lion millimoles and a decrease in
saline administration of 99%.

Limitations

Our study had a number of impor-
tant limitations. Our intervention
was not a randomised controlled
trial and was not blinded. However,
there were no significant practice
changes implanted in the ED of our
institution during this before-and-
after study and the baseline charac-
teristics of our patients did not differ
between the two groups. Further-
more, lack of blinding would not
have biased the measurement of
serum creatinine during the subse-
quent hospital stay.
A further limitation of our study

was its single-centre design, which
might have reduced its external
validity. However, our ED has all
the typical features of a tertiary hos-
pital ED in the developed world,
making our findings likely relevant
to similar institutions. Our study
also did not include the larger group
of ED patients – those discharged on
the same day or short hospital stay
of less than 48 h – limiting its gener-
alisability to all patients seen in ED.
We did not collect information on

individual i.v. fluid administration

TABLE 4. Incidence of acute kidney injury stratified by Kidney Disease:
Improving Global Outcomes (KDIGO) serum creatinine criteria

KDIGO
classification

Number (%) [95% CI] of events† P-
value

Control period
(n = 5008)

Intervention period
(n = 5146)

Stage 1 626 (12.5) [11.6–13.4] 703 (13.7) [12.8–14.6] 0.08

Stage 2 97 (1.9) [1.6–2.4] 99 (1.9) [1.6–2.3] 0.96

Stage 3 54 (1.1) [0.8–1.4] 30 (0.6) [0.4–0.8] 0.006

RRT 13 (0.3) [0.2–0.4] 8 (0.2) [0.1–0.3] 0.25

†The control period was from 18 February 2008 to 17 August 2008, and the
intervention period was from 18 February 2009 to 17 August 2009. CI, confi-
dence interval; RRT, renal replacement therapy.
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Figure 1. Cumulative incidence of Kidney Disease: Improving Global Outcomes
(KDIGO)-defined stage 3. Cumulative risk is low, <0.1%. Gray’s test P = 0.007. ( ),
Control; ( ), intervention.
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and cannot exclude the potential
confounding effects of succinylated
gelatin solution on renal
outcomes.22–26 However, the change
in gelatin use in our study repre-
sented only a total of 110.5 L (aver-
age decrease of approximately
22 mL/patient) and was much less
than the >7100 L decrease in saline
administration (average decrease of
approximately 1.4 L/patient).
We did not collect information on

i.v. fluids use after the transfer from
ED to the ward. However, the pres-
ent study aimed to test the hypothe-
sis that even an early ED application
of chloride-restrictive policy could
result in changes in renal outcomes
during hospital stay. Moreover, no
general wards were notified of the
study or requested to continue ED
fluids as prescribed. We hope future
studies will extend the analysis into
the potential larger volume of fluids
received during the hospital
admissions.
The assessment of baseline creati-

nine is a recognised issue in the anal-
ysis of AKI.27 In patients for whom
such information was absent, we
estimated the pre-morbid creatinine
concentrations using the MDRD
equation. This method has limita-
tions. However, inaccuracies arising
from its use are unlikely to have
biased our results as they applied to

both periods. In addition, the out-
comes were objective and dependent
on laboratory tests, which were not
amenable to ascertainment bias or
manipulation.

Conclusions
We conducted a before-and-after
study comparing the renal effects of
a chloride-restrictive versus a chlo-
ride-liberal i.v. fluid strategy in the
ED setting. We found that, in ED
patients admitted to the hospital for
more than 48 h, a chloride-restrictive
fluid strategy in ED was associated
with a statistically significant
decrease in the incidence of stage 3
KDIGO-defined AKI. However, we
did not find any significant effect on
need for RRT or mortality. Our
observations from this large study of
thousands of ED patients support
ongoing concern about the renal
safety of excessive i.v. chloride-rich
fluid administration.
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