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THE ADMINISTRATION OF INTRA-
venous chloride is ubiquitous
in critical care medicine.1,2 In
addition, many of the fluids

used for hydration and resuscitation
contain supraphysiological concentra-
tions of chloride,3-5 which induce or ex-
acerbate hyperchloremia and meta-
bolic acidosis,6,7 may cause renal
vasoconstriction and decreased glo-
merular filtration rate (GFR),8-10 pro-
long time to first micturition,11 and de-
crease urine output in major surgery.12

Recently, in a double-blind random-
ized controlled trial, 2 L of saline de-
creased cortical perfusion in human
study participants compared with
Plasma-Lyte.13 These effects of chlo-
ride on the kidney are of potential con-
cern because acute kidney injury (AKI)
is associated with high mortality14 and
may require treatment with costly and
invasive renal replacement therapy
(RRT).15,16

Given the high risk of AKI in criti-
cally ill patients and the experimental as-
sociation between chloride administra-
tion and decreased renal function, we
hypothesized that a chloride-restric-
tive intravenous fluids strategy in criti-
cally ill patients might be associated with
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Context Administration of traditional chloride-liberal intravenous fluids may precipi-
tate acute kidney injury (AKI).

Objective To assess the association of a chloride-restrictive (vs chloride-liberal) in-
travenous fluid strategy with AKI in critically ill patients.

Design, Setting, and Patients Prospective, open-label, sequential period pilot study
of 760 patients admitted consecutively to the intensive care unit (ICU) during the con-
trol period (February 18 to August 17, 2008) compared with 773 patients admitted
consecutively during the intervention period (February 18 to August 17, 2009) at a
university-affiliated hospital in Melbourne, Australia.

Interventions During the control period, patients received standard intravenous flu-
ids. After a 6-month phase-out period (August 18, 2008, to February 17, 2009), any
use of chloride-rich intravenous fluids (0.9% saline, 4% succinylated gelatin solution,
or 4% albumin solution) was restricted to attending specialist approval only during
the intervention period; patients instead received a lactated solution (Hartmann so-
lution), a balanced solution (Plasma-Lyte 148), and chloride-poor 20% albumin.

Main Outcome Measures The primary outcomes included increase from baseline
to peak creatinine level in the ICU and incidence of AKI according to the risk, injury,
failure, loss, end-stage (RIFLE) classification. Secondary post hoc analysis outcomes
included the need for renal replacement therapy (RRT), length of stay in ICU and hos-
pital, and survival.

Results Chloride administration decreased by 144 504 mmol (from 694 to 496 mmol/
patient) from the control period to the intervention period. Comparing the control pe-
riod with the intervention period, the mean serum creatinine level increase while in
the ICU was 22.6 µmol/L (95% CI, 17.5-27.7 µmol/L) vs 14.8 µmol/L (95% CI, 9.8-
19.9 µmol/L) (P=.03), the incidence of injury and failure class of RIFLE-defined AKI
was 14% (95% CI, 11%-16%; n=105) vs 8.4% (95% CI, 6.4%-10%; n=65) (P�.001),
and the use of RRT was 10% (95% CI, 8.1%-12%; n=78) vs 6.3% (95% CI, 4.6%-
8.1%; n=49) (P=.005). After adjustment for covariates, this association remained for
incidence of injury and failure class of RIFLE-defined AKI (odds ratio, 0.52 [95% CI,
0.37-0.75]; P�.001) and use of RRT (odds ratio, 0.52 [95% CI, 0.33-0.81]; P=.004).
There were no differences in hospital mortality, hospital or ICU length of stay, or need
for RRT after hospital discharge.

Conclusion The implementation of a chloride-restrictive strategy in a tertiary ICU
was associated with a significant decrease in the incidence of AKI and use of RRT.

Trial Registration clinicaltrials.gov Identifier: NCT00885404
JAMA. 2012;308(15):1566-1572 www.jama.com
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a decreased incidence and severity of
AKI compared with a chloride-liberal in-
travenous strategy.

METHODS
We performed a prospective, open-
label, before-and-after pilot study in the
22-bed multidisciplinary intensive care
unit (ICU) of the Austin Hospital, a ter-
tiary care hospital affiliated with the
University of Melbourne. The study was
conducted from February 18 to Au-
gust 17, 2008 (control period), fol-
lowed by a phase-out period (August
18, 2008, to February 17, 2009), and
an intervention period (February 18 to
August 17, 2009). No informed con-
sent was obtained from patients be-
cause treatment was considered unit
protocol–based and data collection re-
quired no direct patient contact. The
study was approved by the human re-
search ethics committee of the Austin
Hospital with a waiver for informed
consent because this was a practice
change that applied to all admissions.
The detailed methods have been de-
scribed previously.6

Briefly, patients were admitted con-
secutively over 6 months during the
control period and were given intrave-
nous fluids according to clinician pref-
erences with free use of chloride-rich
fluids. These included 0.9% saline
(chloride concentration: 150 mmol/L)
(Baxter Pty Ltd), 4% succinylated gela-
tin solution (chloride concentration:
120 mmol/L) (Gelofusine, BBraun), and
4% albumin in sodium chloride (chlo-
ride concentration: 128 mmol/L) (4%
Albumex, CSL Bioplasma).

Following a 6-month phase-out pe-
riod that included education and prepa-
ration of all ICU staff and logistic ar-
rangements for fluid accountability and
delivery, the intervention period com-
menced with enrollment of all consecu-
tive admissions in the next 6 months.
No additional training was provided to
nursing or medical staff. The interven-
tion period replicated the same season
of the year as the control period. Chlo-
ride-rich fluids (0.9% saline, 4% suc-
cinylated gelatin solution, or 4% albu-
min solution) were now made available

only after prescription by the attend-
ing specialist for specific conditions (eg,
hyponatremia, traumatic brain injury,
and cerebral edema).

In place of chloride-rich fluids, the
following fluids were used: a lactated
crystalloid solution (chloride concen-
tration: 109 mmol/L) (Hartmann solu-
tion, Baxter Pty Ltd), a balanced buff-
ered solution (chloride concentration:
98 mmol/L) (Plasma-Lyte 148, Baxter
Pty), and a 20% albumin solution (chlo-
ride concentration: 19 mmol/L) (20%
Albumex, CSL Bioplasma). Similar fluid
changes were instituted in the emer-
gency department but not in the oper-
ating rooms or general wards.

We collected age, sex, Acute Physi-
ology and Chronic Health Evaluation
(APACHE) II and III scores, Simpli-
fied Acute Physiology Score II (SAPS II),
and multiple clinical characteristics of
each admission for the patients en-
rolled. We retrieved pre-ICU admis-
sion serum creatinine levels and daily
morning creatinine levels during ICU
admission from the computerized cen-
tral laboratory database. We also col-
lected data on RRT, excluding pa-
tients with preexisting end-stage kidney
disease who were receiving long-term
dialysis and those treated with RRT for
drug toxicity not associated with AKI.
In RRT-treated survivors of ICU stay,
we obtained data on dialysis status at
3 months after ICU discharge. Renal re-
placement therapy was initiated in the
study unit according to the criteria of
the Randomised Evaluation of Nor-
mal vs Augmented Level (RENAL) Re-
placement Therapy in ICU Trial.17,18

Primary outcomes included in-
crease in creatinine from baseline to
peak ICU level and incidence of AKI ac-
cording to the risk, injury, failure, loss,
end-stage (RIFLE) system defini-
tions.16,19 Secondary post hoc analysis
outcomes included the need for RRT,
length of stay in ICU and hospital, and
survival.

We analyzed the increase in creati-
nine from baseline to peak levels in all
patients. We used the creatinine levels
to classify patients according to the
RIFLE criteria.16 The baseline creati-

nine level was based on the lowest cre-
atinine level available in the 1-month
period prior to ICU admission; when
this was not available, creatinine level
was estimated using the Modification
of Diet in Renal Disease (MDRD) equa-
tion (assuming a lower limit of nor-
mal baseline GFR of 75 mL/min).20

Statistical Analysis

All statistical analysis was performed
using Stata version 11 (StataCorp) and
SAS version 9.2 (SAS Institute). Base-
line comparisons were performed using
�2 tests for equal proportion with re-
sults reported as numbers, percent-
ages, and 95% confidence intervals.
Continuously normally distributed vari-
ables were compared using t tests and
reported as means with 95% confi-
dence intervals while non–normally dis-
tributed data were compared using Wil-
coxon rank sum tests and reported as
medians and interquartile range (IQR).

The increase in creatinine from ICU
admission to peak level was analyzed
using generalized linear modeling, with
results presented as least square means
with 95% confidence intervals. Acute
kidney injury (defined by RIFLE in-
jury and failure class) and the need for
RRT were analyzed using logistic re-
gression with results reported as odds
ratios (ORs) with 95% confidence in-
tervals. Time-to-event analysis was per-
formed using Cox proportional haz-
ard modeling with results reported as
hazard ratios (HRs) with 95% confi-
dence intervals and presented as
Kaplan-Meier curves. Comparisons be-
tween survival curves were performed
using log-rank tests.

Multivariable sensitivity analysis was
performed on all outcomes, adjusting
for the a priori–defined covariates of
sex, APACHE III score, diagnosis, op-
erative status, and admission type (elec-
tive or emergency). Because the mag-
nitude of the increase in creatinine level
was dependent on the starting level,
baseline creatinine level was also in-
cluded as a covariate for all outcomes.

To explore the biological plausibil-
ity of our findings, we assessed the re-
lationship between chloride intake and
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changes in serum creatinine level in a
nested cohort of 100 patients during
each period in which detailed fluid data
were obtained (eTable 1 and eTable 2
at http://www.jama.com). To further as-
sess the possible relationship between
markers of chloride intake and out-
come, we conducted subgroup analy-
ses according to time in ICU, APACHE
score, risk of death, presence of sep-
sis, and cardiac surgery. To increase the
robustness of reported findings, we as-
sessed all outcome variables after ex-
cluding patients in whom baseline cre-
atinine level was not known. In

addition, to reduce the chance of a type
I error due to reporting multiple out-
comes, a 2-sided P value of .01 was used
to indicate statistical significance.

RESULTS
During the study period, there were
1644 ICU admissions in 1533 patients
(760 during the control period and 773
during the intervention period) with a
median follow-up time of 11 days (IQR,
7-21 days) vs 11 days (7-22 days), re-
spectively. The baseline characteris-
tics of the patients admitted during the
control and the intervention periods ap-

pear in TABLE 1. There were no signifi-
cant differences with regard to age, sex,
baseline creatinine level, APACHE
scores, SAPS II, comorbidities, diag-
nostic groups, and types of admission.
During the control period, 104 pa-
tients (13.7%; 95% CI, 11.3%-16.1%)
did not have a baseline creatinine level
available and had their baseline GFR es-
timated with the MDRD equation com-
pared with 110 patients (14.2%; 95%
CI, 11.7%-16.7%) during the interven-
tion period (P=.46).

The detailed composition of study
fluids appears in TABLE 2. The inter-
vention period was associated with
changes in fluid therapy. Saline pre-
scription decreased from 2411 L to 52
L (3.2 vs 0.06 L/patient; P� .001) and
4% gelatin solution from 538 L to 0 L
(0.7 vs 0 L/patient; P� .001). In con-
trast, administration of Hartmann so-
lution increased from 469 L to 3205 L
(0.6 vs 4.1 L/patient; P� .001), and
Plasma-Lyte 148 from 65 L to 160 L
(0.08 vs 0.2 L/patient; P=.04). In par-
allel, use of 4% albumin decreased from
269 L to 80 L (0.35 vs 0.1 L/patient;
P� .001) and use of chloride-poor 20%
albumin increased from 87 L to 268 L
(0.1 vs 0.35 L/patient; P� .001).

The intervention period was associ-
ated with a decrease in solute therapy.
Chloride administration decreased by
a total of 144 504 mmol from 694 to 496
mmol/patient and study fluid–related
sodium administration also decreased
from 750 to 623 mmol/patient. How-
ever, study fluid–related potassium ad-
ministration increased from 3.5 to 22
mmol/patient and lactate administra-
tion from 18 to 120 mmol/patient. De-
tailed fluid intake data in a nested co-
hort of 100 patients during each period
are presented in eTable 2.

The chloride-restrictive strategy was
associated with a significantly lower in-
crease in serum creatinine level dur-
ing ICU stay of 14.8 µmol/L (95% CI,
9.8-19.9 µmol/L) during the interven-
tion period vs 22.6 µmol/L (95% CI,
17.5-27.7 µmol/L) during the control
period (P=.03; adjusted P=.007). The
increase in serum creatinine level dur-
ing ICU stay was correlated with log-

Table 1. Baseline Characteristics of the Patients During the Control and Intervention Periods

No. (%) [95% CI] of Patientsa

P
Value

Control Period
(n = 760)

Intervention Period
(n = 773)

Male sex 461 (61) [57-64] 483 (62) [59-66] .46

Mechanical ventilation 498 (66) [62-69] 517 (67) [63-70] .57

Admission after elective surgery 224 (29) [22-33] 232 (30) [27-33] .82

Postoperative admission 377 (50) [46-53] 382 (49) [46-53] .94

Admission from
Emergency department 178 (23) [20-26] 168 (22) [19-25] .43

Ward 129 (17) [14-20] 129 (17) [14-19] .88

Admission for other ICU 76 (10) [8-12] 94 (12) [10-15] .18

Diagnosisb

Cardiovascular 294 (39) [35-42] 281 (36) [33-40] .35

Gastrointestinal 126 (17) [14-19] 126 (16) [14-19] .88

Metabolic 53 (7) [5.1-8.8] 34 (4.4) [2.9-5.9] .03

Neurological 47 (6.2) [4.4-7.9] 68 (8.8) [6.8-11.0] .05

Renal or genitourinary 26 (3.4) [2.1-4.7] 21 (2.7) [1.5-3.9] .42

Respiratory 107 (14) [12-17] 111 (14) [12-17] .87

Comorbiditiesb

Severe sepsis or septic shock 55 (7.2) [5.4-9.0] 75 (10.0) [7.6-12.0] .08

Chronic lung disease 18 (2.4) [1.3-3.5] 15 (1.9) [0.9-2.9] .56

Chronic cardiovascular disease 19 (2.5) [1.4-3.6] 32 (4.1) [2.7-5.6] .07

Chronic liver disease 50 (6.6) [4.8-8.4] 37 (4.8) [3.2-6.3] .13

Chronic renal failure 34 (4.5) [3.6-5.4] 29 (3.8) [2.4-5.1] .48

Immunosuppression 29 (3.8) [2.4-5.2] 26 (3.4) [2.1-4.7] .63

Lymphoma 5 (0.7) [0.1-1.2] 5 (0.6) [0.1-1.2] .98

Metastatic cancer 19 (2.5) [1.4-3.6] 22 (2.8) [1.6-4.0] .67

Leukemia or myeloma 7 (0.9) [0.2-1.6] 14 (1.8) [0.8-2.8] .13

Mean (95% CI)
Age, y 60 (59.0-61.6) 60.5 (59.2-61.8) .86

APACHE II score (range: 0-71)c 15.8 (15.2-16.4) 16.0 (15.4-16.6) .63

APACHE III score (range: 0-300)c 58 (56-60) 58 (56-60) �.99

SAPS II (range: 0-163)c 32.4 (31.2-33.6) 32.4 (31.2-33.6) .94

Baseline creatinine level, µmol/L 90 (69-125) 86 (67-121) .07
Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive care unit; SAPS, Simplified Acute

Physiology Score.
SI conversion factor: To convert creatinine to mg/dL, divide by 88.4.
aThe control period was from February 18 through August 17, 2008, and the intervention period was from February 18

through August 17, 2009.
bAccording to APACHE classification.
cHigher scores indicate greater illness severity.
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chloride intake in the 200 patients in
which detailed data were obtained
(eFigure 1).

The chloride-restrictive intrave-
nous strategy intervention period was
associated with a decrease in the inci-
dence of injury and failure class of
RIFLE-defined AKI (TABLE 3). It was
further associated with a decrease in
RRT use for 78 patients (10%; 95% CI,
8.1%-12%) during the control period
vs 49 patients (6.3%; 95% CI, 4.6%-
8.1%) during the intervention period
(P=.005). This decrease was a devia-
tion from secular trends for the study
ICU and consistent with changes in se-
rum creatinine over time (eTable 3 and
eFigure 2).

After adjusting for sex, APACHE III
score, diagnosis, operative status,
baseline serum creatinine level, and
admission type (elective or emer-
gency), the overall incidence of injury
and failure class of RIFLE-defined
AKI (OR, 0.52 [95% CI, 0.37-0.75];
P�.001) and the use of RRT (OR,
0.52 [95% CI, 0.33-0.81]; P = .004)
remained significantly lower during
the intervention period.

Significant differences by log-rank
test were evident in time-to-first event
curves of injury and failure class of
RIFLE-defined AKI (P�.001; FIGURE 1)
and RRT use (P=.004; FIGURE 2).

There were also significant differ-
ences in the HRs for these events after
the Cox proportional hazards model ad-
justment. There was a HR of 0.52 (95%
CI, 0.38-0.72; P�.001) for the devel-
opment of injury and failure class of
RIFLE-defined AKI and an HR of 0.52
(95% CI, 0.35-0.76; P�.001) for RRT
use.

Subgroup analysis is shown in the
eTable 4 and eFigure 3. Analysis after
exclusion of patients for whom base-
line serum creatinine level was not
available did not alter the associations
found (eSupplement).

Sixty-five patients (9%; 95% CI, 7%-
11%) died in the ICU during the con-
trol period compared with 59 patients
(8%; 95% CI, 6%-10%) during the in-
tervention period (P= .42). Hospital
mortality was 112 patients (15%; 95%

CI, 12%-17%) during the control pe-
riod vs 102 patients (13%; 95% CI, 11%-
16%) during the intervention period
(P=.44); median ICU length of stay was
42.9 hours (IQR, 21.1-88.6 hours) vs
42.8 hours (IQR, 21.8-90.5 hours), re-
spectively (P=.52); and median hospi-
tal length of stay was 11 days (IQR, 7-21
days) vs 11 days (IQR, 7-22 days)
(P=.57). Of the patients who survived
to ICU discharge after being treated
with RRT, 6 patients (12%; 95% CI, 3%-
21%) were still on dialysis at 3 months
after discharge from the ICU during the
control period compared with 5 pa-
tients (15%; 95% CI, 3%-27%) during
the intervention period (P=.95). Thus,
there were no differences in long-term
dialysis requirements and in non–
renal medium-term outcomes.

COMMENT
We performed a controlled before-and-
after study to compare the renal func-
tional changes associated with a
chloride-restrictive intravenous strat-
egy with those observed with a

chloride-liberal intravenous fluid
strategy. We found that a chloride-
restrictive intravenous fluid strategy was
associated with a significant reduc-
tion in the increase of mean creatinine
level from baseline to peak ICU level.
In addition, we found that such a strat-
egy was associated with a significant de-
crease in the incidence of AKI and the
use of RRT. Moreover, these findings
remained significant after adjustment
for baseline variables, were supported
by a subgroup analysis (eTable 4) and
a detailed nested cohort analysis (eTable
2), and were confirmed by time-to-
first event curves and a proportional
hazard analysis.

Comparison With Previous Studies

To our knowledge, no studies have as-
sessed the renal effects of a chloride-
restrictive intravenous fluid strategy ap-
plied to critically ill patients over days
to weeks of ICU stay. However, our find-
ings are in keeping with earlier obser-
vations in animal and human studies that
suggest that solutions with supraphysi-

Table 2. Composition of Trial Fluidsa

0.9%
Saline Hartmann

4%
Gelatin

Plasma-
Lyte 148

Albumin

4% 20%

Sodium 150 129 154 140 140 48-100

Potassium 0 5 0 5 0 0

Chloride 150 109 120 98 128 19

Calcium 0 2 0 0 0 0

Magnesium 0 0 0 1.5 0 0

Lactate 0 29 0 0 0 0

Acetate 0 0 0 27 0 0

Gluconate 0 0 0 23 0 0

Octanoate 0 0 0 0 6.4 32
aAll concentrations in mmol/L.

Table 3. Incidence of Acute Kidney Injury Stratified by Risk, Injury, Failure, Loss, and
End-Stage (RIFLE) Serum Creatinine Criteria

No. (%) [95% CI] of Patientsa

P
Value

Control Period
(n = 760)

Intervention Period
(n = 773)

RIFLE class
Risk 71 (9.0) [7.2-11.0] 57 (7.4) [5.5-9.0] .16

Injury 48 (6.3) [4.5-8.1] 23 (3.0) [1.8-4.2] .002

Failure 57 (7.5) [5.6-9.0] 42 (5.4) [3.8-7.1] .10

Injury and failure 105 (14) [11-16] 65 (8.4) [6.4-10.0] �.001
aThe control period was from February 18 through August 17, 2008, and the intervention period was from February 18

through August 17, 2009.
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ological concentrations of chloride may
have detrimental renal effects.9-12 Our
findings suggest that the shorter time to
micturition,11 greater urine output,12 and
better renal cortical perfusion13 seen in
previous controlled human studies may
reflect clinically significant renal ef-
fects of chloride-containing intrave-
nous fluids rather than minor fluctua-
tion in osmolar control.21 This notion is
further supported by recent observa-
tional evidence in more than 30 000
surgical patients that saline therapy
increases the risk of patients requir-
ing acute dialysis compared with
Plasma-Lyte administration.22

A possible explanation for these pu-
tative chloride-associated detrimental
renal outcomes is provided by the re-
nal vasoconstrictive effect of tubular
chloride reabsorption, an effect re-
ported in an earlier animal study.9 In
addition, greater chloride delivery to the
macula densa may activate the tubulo-
glomerular feedback, a physiological
process that regulates GFR. The tubu-
loglomerular feedback may trigger af-
ferent arteriolar vasoconstriction, me-
sangial contraction, and associated
reductions in GFR.23-25 Furthermore,
chloride infusion may induce throm-
boxane release with associated vaso-

constriction,10 as well as an enhanced
responsiveness to vasoconstrictor
agents, particularly angiotensin II re-
ceptor blockers.26 In this pragmatic
clinical study, we were unable to dis-
sect which of these mechanisms, if any,
may have contributed to the clinical
changes observed.

This was a bundle-of-care study. The
control bundle of care was based on the
delivery of commonly used chloride-
rich fluids, while the interventional
bundle of care was based on the re-
moval of such fluids and the exclusive
administration of lower chloride flu-
ids. Thus, we are not in a position to
identify which component of our in-
tervention (restricting chloride, using
balanced solutions containing lactate,
stopping a commercial 4% gelatin so-
lution, using more 20% albumin and
less 4% albumin, giving less sodium, de-
livering more potassium, or any com-
bination of these) might have been re-
sponsible for the changes in outcomes
observed. To our knowledge, when
comparing saline with balanced solu-
tions, there is no way of distinguish-
ing whether any differential clinical ef-
fect might be dependent on removing
chloride, using a solution containing
lactate, or other buffers, or both.

Removing a gelatin solution alone
may have been responsible for our find-
ings. We identified only 2 randomized
controlled studies of gelatin solutions
in critically ill patients reporting renal
outcomes.27,28 One found that the in-
cidence of AKI was significantly lower
with a gelatin solution compared with
a starch solution.27 The other com-
pared a gelatin solution with 4.5% al-
bumin and found no difference in the
incidence of acute renal failure.28 A re-
cent meta-analysis found that gelatin so-
lutions actually decreased the risk of
AKI (OR, 0.43).29

The reduction in the use of 4% al-
bumin may have been responsible for
our findings. However, there are no
studies to suggest that 4% albumin may
decrease the risk of AKI. Resuscita-
tion with 4% albumin was compared
with saline in the Saline versus Albu-

Figure 1. Development of Stage 2 or 3 Acute Kidney Injury (AKI) While in the Intensive Care
Unit (ICU)
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Stage 2 or 3 defined according to the Kidney Disease: Improving Global Outcomes clinical practice guideline.

Figure 2. Renal Replacement Therapy (RRT) in the Intensive Care Unit (ICU)

1.00

0.75

0.50

Log-rank P = .004

0.25

0

No. at risk
2008

2008

2009

2009

0

761
772

50

262
303

100

118
150

150

71
83

Time, h

P
ro

po
rt

io
n 

R
ec

ei
ve

d 
R

R
T

CHLORIDE-LIBERAL VS CHLORIDE-RESTRICTIVE INTRAVENOUS FLUID THERAPY

1570 JAMA, October 17, 2012—Vol 308, No. 15 ©2012 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



min Fluid Evaluation (SAFE) trial and
no differences in renal outcomes were
found.30 The greater use of 20% albu-
min during the intervention period
might explain our findings. However,
the opposite might be expected to hap-
pen on physiological grounds. For
example, classic Guytonian physiologi-
cal studies demonstrate that hyperon-
cotic albumin increases renin secre-
tion, markedly decreases urine flow rate
and electrolyte excretion, and leads to
either no change or a small decrease in
GFR.31 Moreover, an international pro-
spective cohort study of more than 1000
ICU patients found that after adjust-
ment for confounding factors and pro-
pensity score, the use of hyperoncotic
albumin was associated with an OR of
5.99 for the occurrence of a renal event
(either doubling of serum creatinine
level or need for dialysis),32 leading to
consensus recommendations that hy-
peroncotic solutions be avoided.33 How-
ever, other reports have contradicted
such findings.34,35 Thus, the effect of
20% albumin on the kidney remains un-
clear. In addition, and of great impor-
tance given recent findings,36 no starch
solution was administered to any pa-
tients during the study.

Significance of Study Findings

The findings of this study show that a
chloride-restrictive intravenous strat-
egy is associated with a decrease in the
incidence of the more severe stages of
AKI and the use of RRT. These find-
ings, together with the previously re-
ported observations that a chloride-
liberal intravenous strategy can be
associated with higher cost,6 and the easy
availability of cheap alternatives sug-
gest the need to exert prudence in the ad-
ministration of fluids with supraphysi-
ological concentrations of chloride,
especially in critically ill patients with evi-
dence of early acute renal dysfunction or
at risk of acute dysfunction.

Strengths and Limitations

To our knowledge, this is the first study
to compare the associated changes with
a chloride-restrictive approach vs a
chloride-liberal approach throughout

the entire ICU stay. Our analysis of AKI
incidence used the consensus RIFLE
criteria and showed significant differ-
ences in AKI severity. The observa-
tions that the change in serum creati-
nine level was attenuated and that the
use of RRT also decreased signifi-
cantly during the intervention period
add weight to the clinical implications
of our observations.

The main limitation of our study is
that it was not a blinded randomized
trial. Unfortunately, it is practically im-
possible to blind a bundle of care in-
volving at least 6 different types of fluid,
packaged in different ways from poly-
vinyl chloride to glass, with different la-
bels, and containers of different size.
Thus, the unblinded nature of our study
is similar to that of other before-and-
after bundle-of-care studies involving
complex care in acutely ill patients.37,38

However, our sample size is large, there
were no significant differences in the
baseline characteristics between the pa-
tients during the control and the inter-
vention periods, the renal outcomes re-
mained significant after adjustment for
baseline characteristics, and the study
was executed in the same ICU in the
absence of other changes to patient care.
Additionally, the 2 study periods en-
rolled patients during the same time of
the year, ruling out a seasonal effect.

The findings of a study with a before-
and-after design are often subject to
secular changes, which may have led to
independent improvements in care.
However, in our ICU, in the period be-
fore the intervention (from 2006 to
2008), there had been secular trends
with a greater use of RRT and stable
APACHE III scores (eTable 3). We did
not collect information on the admin-
istration of chloride-rich fluid before or
after ICU treatment. However, this was
a study to test whether a chloride-
restrictive approach (when used in an
ICU) was associated with different re-
nal outcomes in an ICU.

There are potential risks associated
with restricting chloride-rich fluids and
more isotonic fluids in patients with hy-
ponatremia, alkalemia, cerebral edema,
or traumatic brain injury. Such con-

siderations are important and are also
the reason why some saline was pre-
scribed during the intervention pe-
riod to selected patients.

Assessment for baseline renal func-
tion is problematic and of limited ac-
curacy if no preadmission informa-
tion is available. In some patients, such
information was absent and assess-
ment of likely premorbid creatinine lev-
els was achieved using the MDRD equa-
t ion. This method has ser ious
limitations. However, it was applied to
an equal number of patients in each
group and inaccuracies arising from its
use are unlikely to have biased our re-
sults. Moreover, after excluding all pa-
tients in whom the MDRD equation was
used, the results remained unchanged
(eSupplement). We did not assess
changes in novel biomarkers of renal
injury.39 However, their clinical value
remains unclear and serum creatinine
level is still the biomarker of choice in
clinical care. Our follow-up data do not
suggest long-term associations be-
tween chloride restriction and out-
comes. This may reassure clinicians
who use chloride-rich fluids. How-
ever, it may represent a type II error or
the salvage effect of continuous RRT
use. Further investigations of chloride
restriction are needed to define the long-
term consequences of this type of in-
tervention. In addition, the outcomes
were objective and dependent on labo-
ratory tests, which were not amenable
to ascertainment bias or manipula-
tion.

Future Studies

Our findings need to be confirmed in
different health care systems and dif-
ferent ICUs. Current knowledge on
chloride and its effect on renal func-
tion is limited and relies on a num-
ber of assumptions.8 More studies
(both at basic science and clinical
levels) must be undertaken to gain
better insight into the renal effects of
chloride.

CONCLUSIONS
We conducted a before-and-after study
comparing a chloride-restrictive intra-
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venous fluids strategy with a chloride-
liberal intravenous fluids strategy in a
multidisciplinary tertiary ICU. We
found that restricting intravenous chlo-
ride intake was associated with a sig-
nificant decrease in the incidence of AKI
and the use of RRT. These observa-
tions support the desirability of fur-
ther clinical studies in this field.
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