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IMPORTANCE Intravenous fluids are used for almost all intensive care unit (ICU) patients.
Clinical and laboratory studies have questioned whether specific fluid types result in
improved outcomes, including mortality and acute kidney injury.

OBJECTIVE To determine the effect of a balanced solution vs saline solution (0.9% sodium
chloride) on 90-day survival in critically ill patients.

DESIGN, SETTING, AND PARTICIPANTS Double-blind, factorial, randomized clinical trial
conducted at 75 ICUs in Brazil. Patients who were admitted to the ICU with at least 1 risk
factor for worse outcomes, who required at least 1 fluid expansion, and who were expected to
remain in the ICU for more than 24 hours were randomized between May 29, 2017, and March
2, 2020; follow-up concluded on October 29, 2020. Patients were randomized to 2 different
fluid types (a balanced solution vs saline solution reported in this article) and 2 different
infusion rates (reported separately).

INTERVENTIONS Patients were randomly assigned 1:1 to receive either a balanced solution
(n = 5522) or 0.9% saline solution (n = 5530) for all intravenous fluids.

MAIN OUTCOMES AND MEASURES The primary outcome was 90-day survival.

RESULTS Among 11 052 patients who were randomized, 10 520 (95.2%) were available for
the analysis (mean age, 61.1 [SD, 17] years; 44.2% were women). There was no significant
interaction between the 2 interventions (fluid type and infusion speed; P = .98). Planned
surgical admissions represented 48.4% of all patients. Of all the patients, 60.6% had
hypotension or vasopressor use and 44.3% required mechanical ventilation at enrollment.
Patients in both groups received a median of 1.5 L of fluid during the first day after
enrollment. By day 90, 1381 of 5230 patients (26.4%) assigned to a balanced solution died vs
1439 of 5290 patients (27.2%) assigned to saline solution (adjusted hazard ratio, 0.97 [95%
CI, 0.90-1.05]; P = .47). There were no unexpected treatment-related severe adverse events
in either group.

CONCLUSION AND RELEVANCE Among critically ill patients requiring fluid challenges, use of
a balanced solution compared with 0.9% saline solution did not significantly reduce 90-day
mortality. The findings do not support the use of this balanced solution.
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I ntravenous fluids are routinely used in critically ill
patients to sustain or replenish intravascular volume and
to deliver drug infusions.1 Although saline solution (0.9%

sodium chloride) has remained the primary fluid over time,
recent evidence from observational studies2-4 and 2 large
unblinded cluster-randomized, single-center trials5,6 in the
US demonstrated that administration of balanced crystalloids
(ie, crystalloids whose sodium and chloride concentrations
are similar to plasma) resulted in better outcomes. Further-
more, this effect may be mediated by smaller changes in
serum chloride levels. However, these results are not uniform
across clinical trials,7 and insufficient evidence is available
from large individual randomized multicenter studies.

The Balanced Solutions in Intensive Care Study (BaSICS),8,9

a double-blind, factorial, randomized clinical trial was con-
ducted to assess whether administration of a balanced solu-
tion (Plasma-Lyte 148) during intensive care unit (ICU) stay,
compared with saline solution, would result in improved
90-day survival in critically ill patients.

Methods
Study Design and Oversight
This was an investigator-initiated randomized clinical trial
conducted at 75 ICUs in Brazil. The trial protocol (Supple-
ment 1) and statistical analysis plan (Supplement 2) have
been published.8,9 The trial was overseen by an external
data and safety monitoring board and approved by each
institution’s ethics committee. All patients or their legally
authorized representative provided signed informed con-
sent. As per Brazilian law, a posteriori (opt out) consent
could be applied when the patient was incapable of provid-
ing consent and when no legally authorized representative
was available at the time eligibility criteria were met. The
patient was then approached once he or she regained capac-
ity and could provide consent or opt out. This study was
a factorial trial that assessed both the effects of fluid type
(a balanced solution vs saline solution [0.9% sodium chlo-
ride] and reported in this article) and compared 2 different
infusion speeds to be used during fluid challenges (results
are reported separately).

Patients
Patients were randomized if they were admitted to an ICU
and needed at least 1 fluid expansion (at the discretion of
the attending physician), were not expected to be dis-
charged the next day after enrollment, and met at least 1 of
the following criteria for acute kidney injury: (1) older than
65 years; (2) had hypotension (mean arterial pressure
<65 mm Hg, systolic blood pressure <90 mm Hg, or vaso-
pressor use at any dose); (3) sepsis (defined as suspected
or confirmed infection plus acute organ dysfunction);
(4) required mechanical ventilation or noninvasive mechan-
ical ventilation (including high-flow nasal cannula) for at
least 12 hours; (5) early signs of kidney dysfunction (oliguria
[urine output <0.5 mL/kg/h for ≥3 hours] or serum creati-
nine level >1.2 mg/d for women or >1.4 mg/dL for men); or

(6) had liver cirrhosis or acute liver failure. (To convert cre-
atinine from mg/dL to μmol/L, multiply by 88.4.)

Patients with acute kidney injury who required or who
were expected to require kidney replacement therapy
within the 6 hours after admission were excluded as were
patients with severe electrolyte disturbance (serum sodium
level ≤120 mmol/L or ≥160 mmol/L), those whose death was
considered imminent within the next 24 hours, those with
suspected or confirmed brain death, those receiving pallia-
tive or comfort care only, and those previously enrolled in
the trial. The only change in eligibility criteria during the
study period was the removal of hyperkalemia (serum
potassium level >5.5 mEq/L) as an exclusion criterion,
which occurred after the second interim analysis.

Randomization
Patients were randomized to receive either saline solution or
a balanced solution (Figure 1) via a central, web-based auto-
mated randomization system that was available 24 hours
per day and maintained by the HCor Research Institute in
São Paulo, Brazil. The randomized study group was disclosed
only after each patient was registered in the web-based ran-
domization system. The randomization list was generated
with online software using random permuted block sizes of
12, stratified by center according to fluid type and infusion
speed (2 different speeds). The block size was not disclosed
to research personnel.

Interventions
The fluids were supplied to enrolling sites in identical
500 mL bags labeled only by a code corresponding to the
fluid type. The fluids were supplied by Baxter Hospitalar. All
fluid challenges, maintenance fluids, and drug infusions
greater than 100 mL were requested to be performed using
the trial fluids during the ICU stay up to 90 days after enroll-
ment (eMethods and eFigures 1-2 in Supplement 3). Physi-
cians, patients, and individuals who assessed the outcomes
were blinded to the assigned treatment. Overall patient man-
agement, including the decision to perform fluid challenges,
was left to the discretion of the attending physician. Protocol
adherence was checked at specific time points (days 1, 2, 3,
and 7 after enrollment).

Key Points
Question Among intensive care patients requiring intravenous
fluid challenges, does the use of a balanced solution compared
with saline solution (0.9% sodium chloride) improve 90-day
survival?

Findings In this randomized clinical that included 10 520 patients
in intensive care units, intravenous fluid bolus treatment with a
balanced solution vs saline solution resulted in 90-day mortality of
26.4% vs 27.2%, respectively, a difference that was not statistically
significant.

Meaning Among critically ill patients requiring fluid challenges,
treatment with a balanced solution compared with saline solution
did not significantly reduce 90-day mortality.
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Clinical and Laboratory Data
The following patient data were collected: baseline demo-
graphic information, illness severity scores (Acute Physiol-
ogy and Chronic Health Evaluation II [APACHE II] and Sequen-
tial Organ Failure Assessment [SOFA]),10,11 presence of acute
kidney injury (defined as Kidney Disease: Improving Global
Outcomes [KDIGO] stage),12 the need for organ support (me-
chanical ventilation, vasopressors, kidney replacement
therapy), admission type, and administration of fluids within
the 24 hours before ICU admission. In addition, the following
data were collected in a dedicated case report form on days 1,
2, 3, and 7 after randomization: organ dysfunction (measured
by SOFA score), laboratory values (creatinine level, and, if avail-
able, chloride level), and volume of fluids administered (in-
cluding adherence to study fluid).

Data on hospital outcomes, including ICU and hospital
length of stay and days not requiring mechanical ventilation,
also were recorded in the case report form. A follow-up con-
tact was performed (centrally at the HCor Research Institute)
by telephone at 90 days after enrollment to assess vital status
and need for kidney replacement therapy after discharge. In
cases when phone contact failed, several methods were used
to obtain follow-up, including telegrams, hospital records for
further visits after discharge, personal visits at the patient’s pro-
vided address and, as a last resource, national information on
vital status obtained from the Brazilian government.

Data on unexpected treatment-related serious adverse
events also were collected and reported in the case report form.
On-site or remote monitoring during the trial (risk-based moni-
toring) was performed for a random sample of fast recruiting
sites (those that enrolled >10 patients per week for >4 con-
secutive weeks).

Outcomes
Primary Outcome
The primary outcome was 90-day survival.

Secondary Outcomes
Several secondary outcomes were evaluated and included
(1) the need for kidney replacement therapy up to 90 days af-
ter enrollment; (2) the occurrence of acute kidney injury de-
fined as KDIGO12 stage 2 or 3 evaluated at days 3 and 7 (mea-
sured at those specified days, not cumulatively, and only for
patients without acute kidney injury [ie, KDIGO stage 0 or 1]
at enrollment); (3) SOFA score assessed both as a continuous
total value and as its individual components (cardiovascular,
neurological, coagulation, hepatic, and respiratory dichoto-
mized as ≤2 or >2) at days 3 and 7; and (4) the number of days
not requiring mechanical ventilation within 28 days.

Tertiary Outcomes
The tertiary outcomes were ICU and hospital mortality and ICU
and hospital length of stay. Details on the definitions used ap-
pear in the eMethods in Supplement 3. Because both medica-
tions were already approved for use, we did not collect safety
outcomes other than unexpected treatment-related serious ad-
verse events.

Power Analysis and Sample Size Calculation
The study was designed to enroll 11 000 patients.8 The sample
size was calculated by estimating 35% mortality within 90 days
in the control group (saline solution), with an estimated 89%
power to detect a hazard ratio (HR) for mortality of 0.90 or less
with an α level of .05. The sample size was calculated for this
factorial trial assuming the absence of interaction between the
2 interventions (fluid type and infusion speed). Additional de-
tails appear in Supplement 2.7,8

Statistical Analysis
Three interim analyses were conducted at 25%, 50%, and 75%
of the study cohort. The stopping rule for safety was P < .001
(Haybittle-Peto boundary13) for 90-day mortality. The primary
outcome, 90-day survival, was tested using mixed-effects

Figure 1. Flow of Patients in the Trial Comparing a Balanced Solution vs Saline Solution (0.9% Sodium Chloride)

11 052 Randomizeda

5230 Included in the primary outcome analysis 5290 Included in the primary outcome analysis

15 Lost to 90-d follow-up
12 Censored at discharge date

3 No follow-up or discharge informationb

10 Lost to 90-d follow-up
3 Censored at discharge date
7 No follow-up or discharge informationb

2766 Randomized to receive balanced
solution and slow infusion
(333 mL/h)
2627 Received treatment as

randomized
139 Did not receive treatment

as randomized
124 Lack of consent

15 Duplicated

2756 Randomized to receive balanced
solution and control infusion
(999 mL/h)
2603 Received treatment as

randomized
153 Did not receive treatment

as randomized
139 Lack of consent

14 Duplicated

2772 Randomized to receive 0.9%
sodium chloride and slow
 infusion (333 mL/h)
2649 Received treatment as

randomized
123 Did not receive treatment

as randomized
113 Lack of consent

10 Duplicated

2758 Randomized to receive 0.9%
sodium chloride and control
infusion (999 mL/h)
2641 Received treatment as

randomized
117 Did not receive treatment

as randomized
110 Lack of consent

7 Duplicated

a There was no screening log; therefore, the number of patients assessed for
eligibility cannot be presented.

b Data for the primary outcome were imputed.
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Cox proportional hazards models, considering enrolling sites
as the random variable (frailty models) and adjusting for age,
baseline SOFA score, and the type of admission (planned, un-
planned with baseline sepsis, or unplanned without baseline
sepsis). The proportionality of the HR was assessed using the
Grambsch and Therneau method.14 For patients with missing
data for the primary outcome, 5 sets of multiple imputation
using multiple imputation chains were used considering age,
sex, enrolling site, creatinine level at randomization, SOFA
score, admission type, use of fluids within the 24 hours be-
fore enrollment, presence of heart failure or cirrhosis, trau-
matic brain injury at enrollment, hypotension at enrollment,
mechanical ventilation status at enrollment, and outcome. The
medians of the imputed results (or the most frequent cat-
egory) were used for the analysis.

Kidney replacement therapy up to 90 days was estimated
using a mixed Poisson model adjusted for age, baseline SOFA
score, and admission type and is reported as the incidence
per 1000 patient-days. Alternatively, kidney replacement
therapy at 90 days was reported using a competing risk
model that considered death as a competitor for the need for
kidney replacement therapy. Occurrence of acute kidney
injury at days 3 and 7 was tested with mixed generalized lin-
ear models with a binomial distribution and the logit link
function. SOFA score was assessed using a mixed generalized
linear model. Individual SOFA components, dichotomized as
less than or equal to 2 or greater than 2, were analyzed using
mixed logistic regression models. The proportion of days not
requiring mechanical ventilation during the 28-day time
frame was tested using β-binomial regression.

Subgroup analyses for the primary outcome were per-
formed for the following prespecified subgroups: (1) patients
with sepsis vs those without sepsis; (2) patients with KDIGO
stage of less than 2 vs those with KDIGO stage of 2 or greater
(ie, KDIGO stage of 0-1 vs 2-3) at enrollment; (3) surgical vs
nonsurgical patients; (4) patients with traumatic brain injury
vs those without traumatic brain injury; (5) patients with
an APACHE II score of 25 points or greater vs those with an
APACHE II score of less than 25 points; and (6) patients who
received greater than 1 mL of saline solution vs those who re-
ceived 1 mL or less of saline solution within the 24 hours be-
fore randomization.

Additional prespecified exploratory analyses were
conducted. The first analysis assessed treatment effect on
the primary outcome according to baseline chloride levels
(stratified as ≥110 mEq/L or <110 mEq/L). The second was an
exploratory analysis using bayesian networks to evaluate the
potential association between fluid type and key SOFA com-
ponents at days 3 and 7 (especially the neurological and
hemodynamic components) while accounting for multiple
competing events (discharge and death).

Other post hoc sensitivity analyses were performed for
the primary outcome, the first including only patients with
known results for the primary outcome; the second including
only patients who did not receive fluids before enrollment.
Post hoc exploratory analyses were conducted to assess treat-
ment effect on (1) the composite outcome of mortality or use
of kidney replacement therapy during hospital stay both in

patients who did and in those who did not receive fluids
within the 24 hours prior to enrollment; (2) the composite
outcome of death and the need for kidney replacement
therapy in the hospital or the doubling of creatinine level;
and (3) the different definitions of acute kidney injury. In
addition, a post hoc analysis compared trends for chloride
levels between groups among the patients with available
serum chloride levels measured at days 1, 2, 3, and 7. Post hoc
sensitivity analyses for the primary, secondary, and tertiary
outcomes also were performed after excluding patients
admitted due to a traumatic brain injury.

P values are reported for the primary outcome and for
the subgroup analyses; the remaining outcomes are reported
with the mean effect and 95% CI. Because of the potential for
type I error due to multiple comparisons, the findings for the
analyses of the secondary outcomes should be interpreted as
exploratory. All tests were 2-sided with an α level of .05.
All analyses were performed using R software version 4.03
(R Foundation for Statistical Computing).15

Results
Patients
A total of 11 052 patients were randomized between May 29,
2017, and March 2, 2020, at 75 ICUs. There were 532 patients
who were excluded from the analysis (486 patients subse-
quently refused to provide consent and 46 were duplicate
patients [the first enrollment for those patients was kept in
the analysis]), leaving 10 520 patients for the analysis (5230
patients randomized to a balanced solution and 5290 ran-
domized to saline solution; Figure 1). Follow-up concluded
on October 29, 2020.

The patient characteristics were well-balanced between the
groups (mean age, 61.1 [SD, 17] years; 44.2% were women)
(Table 1; the 4 groups of the original trial design appear in
eTable 1 in Supplement 3). Of all the patients, 48.4% were ad-
mitted to the ICU after elective surgery and the majority were
randomized during their first day in the ICU. Approximately
68% of all patients received a crystalloid fluid bolus before ICU
admission (45% received >1 L). Of all patients, 60.6% had hy-
potension or vasopressor use and 44.3% required mechani-
cal ventilation at enrollment.

Interventions
Patients in both groups received a median of 1.5 L of fluid
during the first day after enrollment. The accumulated
median fluid administered (including study fluid and non-
study fluid) during the first 3 days after enrollment was 4.1 L
(SD, 2.9 L) and the median study fluid administered during
the same period was 2.9 L (SD, 2.4 L). Adherence to study
fluid on the measured days appears in Figure 2A and in
eTable 2 in Supplement 3.

Primary Outcome
The primary outcome information was available for all but 25
patients. Fifteen of these 25 patients had hospital outcome data
available and were censored at the discharge date. The primary
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Table 1. Baseline Characteristics of Patients in the Intensive Care Unit (ICU)

Characteristic Balanced solution, No./total (%)a Saline solution, No./total (%)a,b

No. of patients 5230 5290

Age, mean (SD), y 60.9 (17.0) 61.2 (16.9)

Sex, No. (%)

Female 2321 (44.4) 2334 (44.1)

Male 2909 (55.6) 2956 (55.9)

Admission type

No. of missing patients 18 9

Planned (elective surgery) 2491/5212 (47.8) 2588/5281 (49.0)

Unplannedc 2721/5212 (52.2) 2693/5281 (51.0)

Emergency department 1194/5212 (22.9) 1188/5281 (22.5)

Nonelective surgery 653/5212 (12.5) 652/5281 (12.3)

Ward 549/5212 (10.5) 507/5281 (9.6)

Transfer from another hospital 288/5212 (5.5) 306/5281 (5.8)

Transfer from another ICU 37/5212 (0.7) 40/5281 (0.8)

Illness severity at enrollment

APACHE II scored

No. of patients 5195 5271

No. of missing patients 35 29

Median (IQR) 12 (8-17) 12 (8-17)

SOFA scoree

No. of patients 5195 5271

No. of missing patients 35 29

Median (IQR) 4 (2-7) 4 (2-7)

KDIGO stagef 1683/5198 (32.4) 1765/5265 (33.5)

No. of missing patients 32 25

Sepsis 966/5212 (18.5) 1015/5280 (19.2)

No. of missing patients 18 10

Traumatic brain injury 247/5212 (4.7) 236/5281 (4.5)

No. of missing patients 18 9

Hypotensiong 3161/5211 (60.7) 3195/5280 (60.5)

No. of missing patients 19 10

Type of mechanical ventilation

No. of missing patients 18 9

Noninvasive for >12 h 332/5212 (6.4) 341/5281 (6.5)

Invasive 2304/5212 (44.2) 2340/5281 (44.3)

Serum creatinine level, mean (SD), mg/dL

No. of patients 5187 5247

No. of missing patients 43 43

Mean (SD) 1.2 (0.9) 1.2 (0.9)

Creatinine level, mg/dL

<1.5 4139/5187 (79.8) 4162/5247 (79.3)

1.6-2.5 719/5187 (13.9) 720/5247 (13.7)

>2.5 329/5187 (6.3) 365/5247 (7.0)

Cirrhosis or acute liver failure 132/5212 (2.5) 135/5281 (2.5)

No. of missing patients 18 9

Heart failure 593/5212 (11.4) 543/5281 (10.3)

No. of missing patients 18 9

Time from ICU admission to randomization, d

No. of patients 5212 5281

No. of missing patients 18 9

Median (2.5%-97.5%) 0 (0-1) 0 (0-1)

(continued)
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outcome was imputed for the remaining 10 patients. The pro-
portionality of the hazards assumption was met (P = .23).
Within 90 days, 1381 of 5230 patients (26.4%) assigned to a bal-
anced solution died vs 1439 of 5290 patients (27.2%) as-
signed to saline solution (adjusted HR, 0.97 [95% CI, 0.90-
1.05]; P = .47). The cumulative incidence plot for the primary
outcome appears in Figure 3 and the full model results are re-
ported in eTable 3 in Supplement 3. There was no significant
interaction between the 2 interventions (fluid type and infu-
sion speed; P = .98) or between groups for the primary out-
come (Figure 3 and eFigure 3 in Supplement 3).

Secondary Outcomes
The secondary outcomes appear in Table 2. A total of 19
secondary outcomes were evaluated, of which 2 were statisti-
cally different between the groups. SOFA score at day 7 was

significantly different for the balanced solution group
(median difference, 0.27 [95% CI, 0.08-0.45]), mostly due to
a higher neurological SOFA score (>2) at day 7 (32.1% vs
26.0% for the saline solution group; odds ratio, 1.40 [95% CI,
1.18-1.66]).

Subgroup Analyses
The prespecified subgroup analyses for the primary outcome
appear in Figure 4. There was a statistically significant inter-
action between presence of traumatic brain injury, fluid type,
and 90-day mortality (31.3% for the balanced solution group
vs 21.1% for the saline solution group [HR, 1.48; 95% CI, 1.03-
2.12]; 26.2% vs 27.5%, respectively, for patients without a trau-
matic brain injury [HR, 0.96; 95% CI, 0.89-1.03]; P = .02 for in-
teraction). There were no other significant interactions for the
predefined subgroups.

Table 1. Baseline Characteristics of Patients in the Intensive Care Unit (ICU) (continued)

Characteristic Balanced solution, No./total (%)a Saline solution, No./total (%)a,b

Administration of balanced solution
within the 24 h before enrollmenth

No. of missing patients 18 10

Received any 2503/5212 (48.0) 2561/5280 (48.5)

Received >1000 mL 1626/5212 (31.2) 1692/5280 (32.0)

Volume of balanced solutions adminstered
within the 24 h before enrollment

No. of patients 5212 5280

No. of missing patients 18 10

Median (IQR), mL 0 (0-1500) 0 (0-1500)

Administration of saline solution
within the 24 h before enrollment

No. of missing patients 18 10

Received any 1987/5212 (38.1) 1971/5280 (37.3)

Received >1000 mL 935/5212 (17.9) 994/5280 (18.8)

Volume of saline solution adminstered
within the 24 h before enrollment

No. of patients 5212 5280

No. of missing patients 18 10

Median (IQR), mL 0 (0-1000) 0 (0-1000)

Administration of any fluid within the 24 h
before enrollment

No. of missing patients 18 10

Received any 3551/5212 (68.1) 3609/5280 (68.4)

Received >1000 mL 2327/5212 (44.6) 2427/5280 (46)

Volume of any fluids adminstered
within the 24 h before enrollment

No. of patients 5212 5280

No. of missing patients 18 10

Median (IQR), mL 1000 (0-2500) 1000 (0-2500)

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II;
IQR, interquartile range; KDIGO, Kidney Disease: Improving Global Outcomes;
SOFA, Sequential Organ Failure Assessment.

SI conversion factor: To convert creatinine to μmol/L, multiply by 88.4.
a Unless otherwise indicated. eTable 1 in Supplement 3 compares all

4 treatment groups.
b Saline solution is 0.9% sodium chloride.
c Total sum does not include patients whose admission type was imputed;

additional details appear in Supplement 3.
d Measures illness severity. Scores range from 0 to 71; a higher score indicates

more severe disease. A score of 12 predicts an in-hospital mortality rate
of 15%.

e Measures illness severity. Scores range from 0 to 24; a higher score indicates
more severe disease. A score of 4 predicts an in-hospital mortality rate
of 20%.

f Classifies acute kidney injury. Stages range from 0 (no acute kidney injury) to 3
(severe kidney injury).

g Defined as mean arterial pressure of less than 65 mm Hg, systolic blood
pressure of less than 90 mm Hg, or vasopressor use.

h Plasma-Lyte 148 and lactated ringer.
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Exploratory Analyses
There were no significant between-group differences for the
tertiary outcomes (Table 2). There was no statistically signifi-
cant interaction between fluid type and the primary outcome
according to baseline chloride levels (P = .37; eTable 4 in
Supplement 3). The bayesian network analysis accounting for
the competing events of death or hospital discharge was con-
sistent with a high probability that use of the balanced solu-
tion is associated with a lower Glasgow Coma Scale score (≤12)
for patients that required mechanical ventilation at day 7 (eFig-
ure 4 and eTable 5 in Supplement 3).

Post Hoc Analyses
The results of the post hoc sensitivity analyses appear in
Supplement 3. The sensitivity analyses considering only pa-
tients with known data for the primary outcome or only
patients who did not receive any fluid before randomization
showed no significant difference for the primary outcome.
There was no significant difference for the composite out-
come of mortality and use of kidney replacement therapy dur-
ing hospital stay both in patients who did and those who did
not receive fluids within the 24 hours prior to enrollment
(eTable 6 in Supplement 3) or for the subgroups stratified ac-
cording to KDIGO stage (0, 1, 2, or 3) at enrollment (eTables 7-8
in Supplement 3).

There was no statistically significant difference in the in-
cidence of the composite outcome of death and need for kid-
ney replacement therapy in the hospital or doubling of creati-
nine level (1452/5218 [27.8%] in the balanced solution group
and 1527/5287 [28.9%] in the saline solution group; odds ra-
tio, 0.95 [95% CI, 0.86-1.04]). Other post hoc sensitivity analy-
ses exploring different definitions of acute kidney injury also
rendered results that were not statistically significant (eTable 8
and eFigures 5-6 in Supplement 3). Patients randomized to the
balanced solution group had lower chloride levels than pa-
tients randomized to the saline solution group (Figure 2B and
eFigure 7 in Supplement 3; P < .001). After excluding patients
with traumatic brain injury, the results for the primary, sec-

ondary, and tertiary outcomes were mostly unchanged
(eTable 9 in Supplement 3).

Adverse Events
There were no unexpected treatment-related severe adverse
events in either group.

Discussion
In this randomized clinical trial of critically ill patients requir-
ing fluid therapy, use of a balanced solution did not change
90-day survival compared with saline solution.

Intravenous fluid composition represents an interesting
target for clinical trials aiming to improve outcomes in criti-
cally ill patients because virtually all patients will receive flu-
ids during their ICU stay. Therefore, even small benefits in the
reduction of mortality and organ failure could have impor-
tant population effects. Balanced solutions are designed to have
a composition closer to blood plasma through use of organic
anions as sodium buffers instead of equimolar chloride.1

Chloride load (and serum chloride levels) have been sug-
gested to be associated with organ failure and mortality in criti-
cally ill patients; solutions with lower chloride concentra-
tions were therefore hypothesized to be related to improved
outcomes through reducing chloride load, although the ex-
act mechanism is unclear.2,4,16

A large cluster-randomized clinical trial (Isotonic Solu-
tions and Major Adverse Renal Events Trial [SMART])5 con-
ducted at a large center reported that balanced solutions were
associated with improvement in a composite outcome of death,
new receipt of kidney replacement therapy, persistent kid-
ney dysfunction censored at 30 days, and hospital discharge.
Another study on patients in the emergency department who
were not critically ill reported a similar reduction for this
outcome.6 However, in another smaller randomized trial,7 there
was no significant between-group difference for survival or
other outcomes. Despite differences in design, a similar

Figure 3. Cumulative Incidence of the Primary Outcome of 90-Day Survival for a Balanced Solution vs Saline
Solution (0.9% Sodium Chloride)
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The median follow-up was 90 days
(interquartile range, 59.2-90.0 days)
for the balanced solution group and
90 days (interquartile range, 54-90
days) for the saline solution group.
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gradient to the SMART trial5 regarding serum chloride levels
was obtained in the current study (ie, saline solution resulted
in significantly more cases of hyperchloremia).

None of the secondary or subgroup analyses demon-
strated benefit with use of the balanced solution. There was a
signal of possible harm for patients in the balanced solution
group with a traumatic brain injury and a worse neurological
SOFA component score at day 7 (measured using the Glasgow
Coma Scale, which is prone to measurement error and may
be suboptimal in sedated patients). Hypotonic balanced solu-
tions have been suggested to be potentially harmful for
patients with traumatic brain injury,17 although the results
are inconsistent.18 In the current study, all of the subgroup
and secondary outcome analyses should be considered as
only hypothesis-generating, particularly given the large num-
ber of statistical comparisons.

Limitations
This study has several limitations. First, although adherence
to the study fluids was good, with close to 80% of all fluids re-
ceived during the first days being the study drug, allowing the
use of nonstudy fluids for small dilutions led to some degree
of contamination. Second, patients frequently received flu-
ids in the emergency department or in the operating room prior

to enrollment. Fluid use before the ICU stay may affect the ef-
fect of fluid type on outcomes for critically ill patients.19 Third,
due to its design, postrandomization exclusions occurred,
mostly due to lack of consent for the trial. Fourth, there was a
high number of planned surgical admissions that may have re-
duced the overall trial mortality.

Fifth, the trial tested a specific balanced solution; how-
ever, it is unclear if other solutions with different buffers (such
as lactate) would provide similar results.4 Sixth, the trial was
designed with a higher expected mortality at 90 days than the
observed mortality that could be related to low illness sever-
ity and the large number of surgical patients. This may have
resulted in a lower power to observe a clinically important dif-
ference. Seventh, patients received relatively small amounts
of fluid during the trial that may have contributed to the neu-
tral results of this study.

Conclusions
Among critically patients requiring fluid challenges, use of a
balanced solution compared with 0.9% saline solution did not
significantly reduce 90-day mortality. The findings do not sup-
port the use of this balanced solution.

Figure 4. Forest Plot for the Primary Outcome of 90-Day Survival in the Prespecified Subgroup Analyses

P value for
interaction

Favors
balanced
solution

Favors
saline
solution

0.5 51
Hazard ratio (95% CI)

No. for 90-d mortality/total (%)a

Balanced solution Saline solutionbSubgroup
KDIGO stage for acute kidney injuryc

Hazard ratio
(95% CI)

989/4360 (22.7) 995/4350 (22.9)<2 0.98 (0.90-1.07)

392/870 (45.1) 444/940 (47.2)≥2 0.97 (0.85-1.11)

Sepsis

928/4260 (21.8) 941/4273 (22.0)No 1.00 (0.91-1.09)

453/970 (46.7) 498/1017 (49.0)Yes 0.93 (0.82-1.06)

Traumatic brain injury

1303/4981 (26.2) 1389/5053 (27.5)No 0.96 (0.89-1.03)

78/249 (31.3) 50/237 (21.1)Yes 1.48 (1.03-2.12)

Surgical patients

880/2078 (42.3) 891/2046 (43.5)No 0.99 (0.91-1.09)

501/3152 (15.9) 548/3244 (16.9)Yes 0.94 (0.83-1.06)

APACHE II scored

1131/4865 (23.2) 1170/4886 (23.9)<25 0.97 (0.89-1.05)

250/365 (68.5) 269/404 (66.6)≥25 1.02 (0.86-1.21)

Administration of saline solution 24 h before randomization, L

1181/4277 (27.6) 1229/4286 (28.7)<1.0 0.95 (0.88-1.03)

193/935 (20.6) 203/994 (20.4)≥1.0 1.12 (0.91-1.36)

.88

.39

.02

.47

.72

.12

a The denominators do not match the data presented in Table 1 because the
data in this figure were imputed. Additional details appear in the statistical
analysis plan in Supplement 2.

b Saline solution is 0.9% sodium chloride.
c KDIGO indicates Kidney Disease: Improving Global Outcomes. Stage 1 is

defined by an increase in serum creatinine level by 0.3 mg/dL or greater within
48 hours or an increase in serum creatinine level to 1.5 times or greater than
baseline, which is known or presumed to have occurred within the prior 7
days, or a urine output of less than 0.5 mL/kg/h for 6 hours. Stage 2 is defined

by an increase in serum creatinine level of 2.0 to 2.9 times baseline or a urine
output of less than 0.5 mL/kg/h for 12 hours or longer. Stage 3 is defined by an
increase in serum creatinine level 3.0 times or greater than baseline or to
4.0 mg/dL or greater, initiation of kidney replacement therapy, or a urine
output of less than 0.3 mL/kg/h for 24 hours or longer or anuria for 12 hours
or longer. To convert creatinine to μmol/L, multiply by 88.4.

d APACHE II indicates the Acute Physiology and Chronic Health Evaluation II.
APACHE II scores can range from 0 to 71; a higher value indicates greater
illness severity.
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