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IMPORTANCE Slower intravenous fluid infusion rates could reduce the formation of tissue
edema and organ dysfunction in critically ill patients; however, there are no data to support
different infusion rates during fluid challenges for important outcomes such as mortality.

OBJECTIVE To determine the effect of a slower infusion rate vs control infusion rate on
90-day survival in patients in the intensive care unit (ICU).

DESIGN, SETTING, AND PARTICIPANTS Unblinded randomized factorial clinical trial in
75 ICUs in Brazil, involving 11 052 patients requiring at least 1 fluid challenge and with
1 risk factor for worse outcomes were randomized from May 29, 2017, to March 2, 2020.
Follow-up was concluded on October 29, 2020. Patients were randomized to 2 different
infusion rates (reported in this article) and 2 different fluid types (balanced fluids or saline,
reported separately).

INTERVENTIONS Patients were randomized to receive fluid challenges at 2 different infusion
rates; 5538 to the slower rate (333 mL/h) and 5514 to the control group (999 mL/h). Patients
were also randomized to receive balanced solution or 0.9% saline using a factorial design.

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

RESULTS Of all randomized patients, 10 520 (95.2%) were analyzed (mean age,
61.1 years [SD, 17.0 years]; 44.2% were women) after excluding duplicates and consent
withdrawals. Patients assigned to the slower rate received a mean of 1162 mL on the
first day vs 1252 mL for the control group. By day 90, 1406 of 5276 patients (26.6%) in the
slower rate group had died vs 1414 of 5244 (27.0%) in the control group (adjusted hazard
ratio, 1.03; 95% CI, 0.96-1.11; P = .46). There was no significant interaction between
fluid type and infusion rate (P = .98).

CONCLUSIONS AND RELEVANCE Among patients in the intensive care unit requiring fluid
challenges, infusing at a slower rate compared with a faster rate did not reduce 90-day
mortality. These findings do not support the use of a slower infusion rate.
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F luid challenges are a mainstay of therapy for critically
ill patients with signs of poor perfusion.1,2 In children,
use of fluid bolus may be associated with worse out-

comes that may be related to more cardiovascular collapse in
children receiving boluses than in those receiving continu-
ous infusions.3,4 There is no clear guidance on the infusion rate
to be applied during fluid challenges among patients in the in-
tensive care unit (ICU).2 Higher rates are suggested to im-
prove macrohemodynamic parameters (mean arterial pres-
sure, cardiac output) faster.5 However, fast infusion rates might
rapidly expand the intravascular space resulting in more fluid
entering the tissues, worsening tissue edema, and reducing
fluid reabsorption from interstitial to intravascular space, lead-
ing to worse organ failure.6-8 Furthermore, any differences in
outcomes attributable to fluid composition might be magni-
fied by faster infusion rates because biochemical perturba-
tions in plasma brought on by nonphysiological fluids would
tend to attenuate as fluid distributes over time.

Although most resuscitation guidelines recommend fluid
challenges, there is no consensus on what the optimal infu-
sion rate in critically ill patients is.2 A large multicenter obser-
vational cohort conducted in 2013 reported that fluid boluses
are usually made with 500 mL aliquots over 20 to 30 minutes
but reported major variation in practice among centers.9 De-
spite several proposed triggers for fluid challenge use, the de-
cision to give fluid bolus remains mostly empirical.9

The Balanced Solutions in Intensive Care Study (BaSICS),10,11

a factorial trial that evaluated whether a slower fluid bolus rate
(333 mL/h) vs control rate (999 mL/h), was conducted to as-
sess whether slower infusion rates would be associated with im-
proved 90-day survival in critically ill patients.

Methods
Study Design and Oversight
This clinical trial was conducted at 75 ICUs in Brazil. The study
protocol and statistical analysis plan were published before
analyses began10,11 and are available in Supplement 1 and
Supplement 2, respectively. All patients or their next of kin pro-
vided written informed consent. In accordance with Brazil-
ian law, consent could be obtained after enrollment, due to the
need to start the intervention as soon as possible. This study
was a factorial trial that assessed both the effects of 2 differ-
ent infusion rates to be used during fluid challenges (re-
ported in this article) and the effects of 2 fluid types (Plasma-
Lyte 148 vs 0.9% saline, results reported separately).12 The trial
was approved by the ethics committee of the coordinating site
(HCor) and all enrolling sites prior to enrollment.

Patients
Patients were randomized if they needed at least 1 fluid ex-
pansion, were not expected to be discharged the next day af-
ter enrollment, and met at least 1 of the following criteria:
(1) older than 65 years; (2) hypotensive (mean arterial pres-
sure <65 mm Hg or systolic blood pressure <90 mm Hg, or use
of vasopressors); (3) sepsis (defined as suspected or con-
firmed infection plus acute organ dysfunction); (4) use of

mechanical ventilation or noninvasive mechanical ventila-
tion or high-flow nasal cannula for at least 12 hours; (5) early
signs of kidney dysfunction (oliguria or serum creatinine level
>1.2 mg/d for women or >1.4 mg/dL for men); or (6) had liver
cirrhosis or acute liver failure. Patients with acute kidney in-
jury using or expected to require kidney replacement therapy
in the next 6 hours after admission were excluded, as were pa-
tients with severe electrolyte disturbance (serum sodium level
≤120 mmol/L or ≥160 mmol/L), those whose death was con-
sidered imminent in the next 24 hours, those with suspected
or confirmed brain death, patients receiving palliative or com-
fort care only, and patients previously enrolled in the trial. (To
convert creatinine from mg/dL to μmol/L, multiply by 88.4.)

Randomization
Patients were randomized to receive fluid challenges at 2 dif-
ferent infusion rates by an infusion pump: 999 mL/h (con-
trol) or 333 mL/h (slower; Figure 1). Randomization was made
using a web-based system maintained by HCor, São Paulo, Bra-
zil. The assessment of fluid infusion rate was unblinded, and
patients and physicians were aware of the groups to which they
were allocated. The randomization list was generated using
random permuted blocks of 12 patients, stratified by center and
according to fluid type and infusion rate. Study fluids (Plasma-
Lyte or saline) were supplied to enrolling sites at 500-mL
blinded bags, labeled using 6 different letters provided by Bax-
ter Hospitalar. Adherence was checked on specific days after
enrollment (days 1, 2, 3, and 7).

Interventions
The control infusion rate was defined to reflect current stan-
dard of care (500 mL over approximately 30 minutes; the in-
fusion rate of the control group was set at 999 mL/h because
that is usually the upper limit for infusion rate for infusion
pumps). The slower infusion rate (333 mL/h) was arbitrarily de-
fined so that it was less than the 25% percentile in the Fluid Chal-
lenges in Intensive Care (FENICE) cohort study (500 mL/h),9 but
still represented a value that was considered as a bolus (and not
maintenance) by clinicians. All fluid challenges performed up
to 90 days (or until ICU discharge) after enrollment were re-
quested to be performed according to the assigned infusion rate
(eMethods, eFigure 1 and 2 in Supplement 3). Faster infusion
rates were allowed at the discretion of the attending physician
(either the control infusion of 999 mL/h or other rates) and in

Key Points
Question Does a slower infusion rate compared with a control
rate affect 90-day survival of critically ill patients requiring fluid
challenges?

Findings In this randomized clinical trial that included 10 520
patients in intensive care units, treatment with fluid boluses at 333
mL/h vs 999 mL/h resulted in 90-day mortality of 26.6% vs
27.0%, a difference that was not statistically significant.

Meaning Among critically ill patients requiring fluid challenges,
infusing at a slower rate compared with a faster rate did not reduce
90-day mortality.
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the slower infusion group if patients had active bleeding de-
manding fluid resuscitation or had severe hypotension (sys-
tolic blood pressure <80 mm Hg or mean arterial pressure
<50 mm Hg). As soon as these conditions resolved, the as-
signed fluid rate was to be resumed.

Clinical and Laboratory Data
Baseline information included age, sex, admission type
(planned, unplanned, both surgical and medical), use of or-
gan support at enrollment, use of fluids in the 24 hours be-
fore enrollment, and key laboratory values. Illness severity
scores were calculated from user-imputed data and included
both Acute Physiology and Chronic Health Evaluation
(APACHE II) score13 and the Sequential Organ Failure Assess-
ment (SOFA)14 score. Data on number of fluid bolus used and
adherence to the assigned rate were collected at days 1, 2, 3,
and 7 after randomization. End point data included 90-day vi-
tal status (centrally collected by the coordinating site using
phone contacts or, if unavailable, status information from both
national deaths database or site records regarding subse-
quent patient visits to the enrolling site), hospital status at dis-
charge (dead or alive), hospital and ICU length-of-stay, and need
for kidney replacement therapy up to 90 days after enroll-
ment. Information on suspected unexpected serious adverse
events was also collected.

End Points
The primary end point was 90-day survival. Secondary end
points were use of kidney replacement therapy up to 90 days
after enrollment; occurrence of acute kidney injury, defined
as Kidney Disease: Improving Global Outcomes (KDIGO)15

stages 2 or 3 measured on days 3 and 7, considering only pa-
tients without stages 2 or 3 acute kidney injury at baseline;
SOFA score (both total score value evaluated as a continuous
total and individual component categorized as ≤2 or >2) mea-
sured on days 3 and 7; and mechanical ventilation–free days

within 28 days. Tertiary end points were hospital and ICU mor-
tality and length-of-stay. Additional definitions are provided
in the eMethods section in Supplement 3. No adverse event
information was collected besides severe unexpected ad-
verse reactions.

Power Analysis and Sample Size Calculation
Sample size was calculated assuming a 35% mortality within
90 days for the control group and considered 89% power to
detect a hazard ratio (HR) for mortality of 0.9 with an α fixed
at .05. Absence of interaction between the 2 interventions (fluid
type and infusion rate) was assumed.

Statistical Analysis
Three interim analysis were conducted: 1 adverse event analy-
sis at 1000 patients and 3 additional analyses at 25%, 50%, and
75% of the total sample size. Strict safety stopping rules were
used (P < .001; Haybittle–Peto boundary16) for 90-day mor-
tality at all interim analyses. There was no plan to interrupt the
trial for efficacy or for futility.

Survival at 90 days was evaluated using mixed-effects Cox
proportional hazard models (enrolling sites defined as the ran-
dom variable) and adjusted for age, baseline SOFA score, and
admission type (planned admission, unplanned admission with
sepsis, and unplanned admission without baseline sepsis). Pro-
portionality of the HR assumption was assessed using the
Grambsch and Thernau method.17 Need for kidney replace-
ment therapy was estimated using a mixed Poisson model ad-
justing for the same variables or, alternatively, estimated in a
competing risk model, with death as a competitor and with
similar adjustment. Binary end points at days 3 and 7 were
tested with mixed generalized linear models; these included
occurrences of acute kidney injury defined as KDIGO 2 to 3 and
stratified SOFA components. Mechanical ventilation-free days
was analyzed using a beta binomial regression. Zero was at-
tributed to all patients who died regardless of how long they

Figure 1. Flow Chart of the BaSICS Trial of Critically Ill Patients Requiring Fluid Infusions

11 052 Randomizeda

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

randomized
139 Did not receive treatment

as randomized
124 Lack of consent

15 Duplicated

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

randomized
123 Did not receive treatment

as randomized
113 Lack of consent

10 Duplicated

14 Lost to 90-day follow-up 
9 Censored at discharge date
5 Without follow-up and discharge

 information (primary outcome imputed)

5276 Included in the primary outcome analysis

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

randomized
153 Did not receive treatment

as randomized
139 Lack of consent

14 Duplicated

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

randomized
117 Did not receive treatment

as randomized
110 Lack of consent

7 Duplicated

11 Lost to 90-day follow-up 
6 Censored at discharge date
5 Without follow-up and discharge

 information (primary outcome imputed)

5244 Included in the primary outcome analysis

a There was no screening log in the trial; therefore, the number of patients assessed for eligibility are not presented.
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remained free from mechanical ventilation within 28 days. Im-
putation for missing data was made in a single model using a
multiple chain equation using age, sex, enrolling site, random-
ization creatinine values, SOFA score, admission type, use of
fluid in the 24 hours before enrollment, presence of heart fail-
ure or cirrhosis, traumatic brain injury at enrollment, hypo-
tension at enrollment, mechanical ventilation at enrollment,
and the primary end point. Five imputations sets were ob-
tained, and the median of the imputed results (or the most fre-
quent category) were used for analysis. Details can be found
in the eMethods section in Supplement 3.

Subgroups for the primary end point were defined a
priori according to the following characteristics at baseline:
(1) patients with vs without sepsis; (2) patients with KDIGO
stages 0 to 1 vs stages 2 to 3 at enrollment; (3) surgical vs non-
surgical patients; (4) patients with vs without traumatic brain
injury; (5) patients with APACHE II score of 25 or more vs less
than 25 points; and (6) patients who received more than
1.000 mL vs 1.000 mL or less of 0.9% saline in the 24 hours
before randomization.

The following post hoc sensitivity analyses were per-
formed: (1) primary end point analysis considering only cases
with known primary end point; (2) a stratified analysis of the
primary end point according to baseline presence of heart fail-
ure; (3) differences in need for vasopressors at days 3 and 7 ac-
cording to the other factorial group of the trial; (4) a sensitiv-
ity exploratory analysis using bayesian networks focusing on
changes in cardiovascular SOFA score. More details are pro-
vided in the eMethods in Supplement 3.

P values are reported for the primary analyses only;
results of secondary, tertiary, and exploratory analyses are
reported as estimated effect sizes and 95% CIs. A 2-sided α of
.05 was considered statistically significant. Because of the
potential for type I error due to multiple comparisons, find-
ings for analyses of secondary end points should be inter-
preted as exploratory. Analyses were performed using R soft-
ware, version 4.03.18

Results
Patients
A total of 11 052 patients were randomized from May 29,
2017, to March 2, 2020, at 75 ICUs. Follow-up was concluded
on October 29, 2020. A total of 486 patients refused consent
after enrollment, and 46 were randomized twice. After
excluding these 532 patients, 10 520 were available for analy-
sis (Figure 1, 5276 in slower infusion and 5244 in control infu-
sion group). Baseline features were well balanced between
groups. Unplanned admission accounted for 51.2% of
patients receiving the slower infusion rate and 52.0%
of patients receiving the control infusion rate. A total of
59.9% receiving slower infusion and 61.2% in the control
group were either hypotensive or using vasopressors at
enrollment. The median SOFA scores were similar between
groups (4, interquartile range [IQR]; 2-6 and 4, IQR; 2-7,
respectively). Patient characteristics are provided in Table 1;
and for all 4 groups in eTable 1 in Supplement 3.

Interventions
Most fluid challenges were performed in the assigned rate on
measured days, with more than 90% of all fluid challenges
on day 1 done at the assigned infusion rate. The mean (SD)
volume infused as boluses on day 1 was 1162 mL (916 mL) for
slower infusion vs 1252 mL (1009 mL) for control infusion rate.
The proportions of fluid boluses at the assigned rate are shown
in eTable 2 in Supplement 3; the absolute volume of fluid used
as a bolus as well as the proportion of fluid used as a bolus on
each measured day are shown in eTable 3 and eFigure 3 in
Supplement 3.

Primary End Point
Missing primary end point information for 15 patients was im-
puted (see Table 2; Figure 2, and eTable 4 in Supplement 3).
In the slower infusion group, 1406 of 5276 patients (26.6%) had
died by day 90 compared with 1414 of 5244 patients (27.0%)
in the control group. Proportionality of hazards assumption
was met (P = .25). Adjusted hazard ratio (HR) for 90-day sur-
vival was 1.03 (95% CI, 0.96-1.11; P = .46). There was no sig-
nificant interaction between fluid type and infusion rate
(P = .98; eFigure 4 in Supplement 3).

Secondary End Points
Results for secondary end points are shown in Table 2. Distri-
bution for cardiovascular SOFA scores (range, 0-4), discharge
and death on days 1, 2, 3, and 7 are shown in Figure 3. On day
3, patients in the slower infusion group had lower SOFA scores
(difference, −0.10; 95% CI –0.21 to –0.01), lower frequency of
hemodynamic SOFA score of more than 2 (marking a lower use
of vasopressors, 32.5% vs 35.3% for slower vs control infu-
sion rate; odds ratio [OR], 0.89; 95% CI, 0.80 to 0.98) and lower
frequency of respiratory SOFA score of more than 2 (that is, a
lower frequency of being mechanically ventilated with an ar-
terial oxygen pressure to inspired oxygen fraction ratio less than
200% to 6.2% vs 7.5% for slower and control infusion rates;
OR, 0.81; 95% CI, 0.68 to 0.97). However, frequency of coagu-
lation SOFA score of more than 2 was higher on day 3 for the
slower infusion group (4.7% vs 3.9%; OR, 1.31; 95% CI, 1.05 to
1.64). None of these differences, however, were sustained on
day 7 for patients who remained alive and in the ICU. All other
secondary end points were not statistically significant be-
tween groups.

Tertiary End Points
There was no statistically significant effect of a slower infu-
sion rate vs control infusion rate on ICU and hospital mortal-
ity or length-of-stay (Table 2).

Subgroup Analyses
There was no statistically significant difference on the pri-
mary end point for any of the a priori defined subgroups
(eTable 5 in Supplement 3).

Post Hoc Sensitivity Analyses
The first sensitivity analyses performed included only cases
with a known primary end point and provided results consis-
tent with the primary analysis (eTable 6 in Supplement 3). The
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Table 1. Baseline Characteristics of the Included Patientsa

Characteristics

No. (%) of patientsb

Slower infusion, 333 mL/h
(n = 5276)c

Control, 999 mL/h
(n = 5244)c

Age, mean (SD), y 60.8 (17.1) 61.4 (16.9)

Women 2360 (44.7) 2295 (43.8)

Men 2196 (55.3) 2949 (56.2)

Admission type to ICU, No./total No. (%)

No. of missing patients 16 11

Planned admission (elective surgery) 2569/5250 (48.8) 2510/5233 (48.0)

Unplanned admission 2691/5260 (51.2) 2723/5233 (52.0)

No. of missing patients 16 11

Emergency department 1151/5260 (21.9) 1231/5233 (23.5)

Nonelective surgery 651/5260 (12.4) 654/5233 (12.5)

Ward 543/5260 (10.3) 513/5233 (9.8)

Transfer from another hospital 305/5260 (5.8) 289/5233 (5.5)

Transfer from another ICU 41/5260 (0.8) 36/5233 (0.7)

Illness severity at enrollment

APACHE II, median (IQR)d 12 (8-16) 12 (8-17)

No. of patients

No. of missing patients 28 26

SOFA score, median (IQR)e 4 (2-6) 4 (2-7)

No. of patients

No. of missing patients 28 26

KDIGO criteria for acute kidney injury ≥ 1f 1695/5247 (32.3) 1753/5216 (33.6)

No. of missing patients 29 28

Sepsis 964/5259 (18.3) 1017/5233 (19.4)

No. of missing patients 17 11

Traumatic brain injury 254/5260 (4.8) 232/5233 (4.4)

No. of missing patients 16 11

Hypotensiong 3155/5258 (60.0) 3201/5233 (61.2)

No. of missing patients 18 11

Mechanical ventilation

No. of missing patients 16 11

Noninvasive for >12 h 368/5260 (7.0) 305/5233 (5.8)

Invasive 2294/5260 (43.6) 2350/5233 (44.9)

Serum creatinine, Mean (SD), mg/dL 1.2 (0.9) 1.2 (0.9)

No. of patients 5228 5206

No. of missing patients 48 38

Creatinine level, mg/dL

≤1.5 4188/5228 (80.1) 4113/5206 (79.0)

1.5-2.5 698/5228 (13.4) 741/5206 (14.2)

>2.5 342/5228 (6.5) 352/5206 (6.8)

Cirrhosis or acute liver failure 116/5260 (2.2) 150/5233 (2.9)

No. of missing patients 16 11

Heart failure 542/5260 (10.3) 594/5233 (11.4)

No. of missing patients 16 11

Time from ICU admission to randomization,
median (percentiles 2.5%-97.5%), d

0 (0-1) 0 (0-1)

No. of patients 5261 5233

No. of missing patients 15 11

Administration of any fluid in the 24 h
before enrollment

No. of missing patients 17 11

Received any, No./total No. (%) 3615/5259 (68.7) 3545/5233 (67.7)

Received >1000 mL, No./total No. (%) 2395/5259 (45.5) 2359/5233 (45.1)

No. of missing patients

Volume of any fluids administered within the 24 h
before enrollment, median (IQR), mL

1000 (0-2500) 1000 (0-2500)

No. of patients 5259 5233

No. of missing patients 17 11

Abbreviations: APACHE, Acute
Physiology and Chronic Health disease
Classification System; ICU, intensive
care unit; IQR, interquartile range;
KDIGO, Kidney Disease:
Improving Global Outcomes;
SOFA, Sepsis-related Organ Failure
Assessment.

SI conversion factor: to convert
creatinine from mg/dL to μmol/L,
multiply by 88.4.
a A table comparing the 4

as-randomized groups is available in
eTable 1 (Supplement 3).

b Numeric values indicate No. (%) of
patients unless otherwise indicated.

c Indicates the denominator, unless
otherwise specified.

d Severity of illness score ranges from
0 to 71, higher scores indicate more
severe disease. A score of 12
predicts an in-hospital mortality
of 15%.

e Severity score ranges from 0 to 24,
higher scores indicate more severe
disease. A score of 4 predicts an
in-hospital mortality of 20%.

f An acute kidney injury rating ranges
from 0 (no acute kidney injury) to 3
(severe kidney injury).

g Defined as mean arterial pressure
less than 65 mm Hg or systolic
arterial pressure less than
90 mm Hg or use of vasopressors.
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Table 2. Outcomes Comparing Slower (333 mL/h) vs Control (999 mL/h) Infusion Speeda

End points

No./total No. (%)
Absolute effect
(95% CI)

Relative effect
(95% CI)

Slower infusion, 333 mL/h
(n = 5276)

Control, 999 mL/h
(n = 5244)

Primary end point

90-Day mortalityb 1406/5276 (26.6) 1414/5244 (27) –0.4 (–2.3 to 1.4) HR, 1.03 (0.96 to 1.11)

P value .46

Secondary end points

Acute kidney failure requiring kidney replacement
within 90 days

Incidence (per 1000 patient-days) 414/474.84 (0.87) 445/471.96 (0.94) –0.07 (–0.17 to 0.04) RR, 0.95 (0.83 to 1.09)

Day 1 27/5267 (0.5) 31/5238 (0.6)

Day 2 122/5226 (2.3) 130/5190 (2.5)

Day 3 190/5114 (3.7) 204/5061 (4.0)

Day 7 282/4872 (5.8) 299/4820 (6.2)

In hospital (≤1 kidney replacement therapy) 397/5267 (7.5) 423/5238 (8.1) –0.5 (–1.5 to 0.4) OR, 0.92 (0.80 to 1.06)

Day 3 KDIGO scorec

≥2 836/3147 (26.6) 873/3075 (28.4) –1.5 (–3.6 to 0.6) OR, 0.93 (0.83 to 1.04)

Death or score ≥2 840/3147 (26.7) 876/3075 (28.5) –1.5 (–3.6 to 0.6) OR, 0.93 (0.83 to 1.04)

Day 7 KDIGO scorec

≥2 286/1211 (23.6) 263/1139 (23.1) 0.0 (–3.5 to 3.5) OR, 1.00 (0.82 to 1.22)

Death or score ≥2 288/1211 (23.8) 265/1139 (23.3) 0.0 (–3.5 to 3.5) OR, 1.00 (0.82 to 1.22)

Day 3 SOFAd

Total score, median (IQR) 4 (2 to 6) 4 (2 to 7) –0.10 (–0.21 to –0.01)

Score >2

Cardiovascular 1252/3847 (32.5) 1338/3788 (35.3) –2.9 (–5.0 to –0.7) OR, 0.89 (0.80 to 0.98)

Neurological 662/3847 (17.2) 628/3788 (16.6) 0.5 (–0.9 to 1.8) OR, 1.08 (0.94 to 1.24)

Coagulation 180/3847 (4.7) 146/3788 (3.9) 0.8 (–0.1 to 1.6) OR, 1.31 (1.05 to 1.64)

Respiratory 240/3847 (6.2) 284/3788 (7.5) –1.1 (–2.1 to –0.2) OR, 0.81 (0.68 to 0.97)

Hepatic 41/3847 (1.1) 52/3788 (1.4) –0.3 (–0.7 to 0.1) OR, 0.81 (0.56 to 1.18)

Day 7 SOFAd

Total score, median (IQR) 4 (2 to 7) 4 (2 to 7) –0.07 (–0.37 to 0.05)

Score >2

Cardiovascular 403/1600 (25.2) 426/1525 (27.9) –2.8 (–5.8 to 0.3) OR, 0.88 (0.75 to 1.04)

Neurological 467/1600 (29.2) 440/1525 (28.9) 0.4 (–2.3 to 3.0) OR, 1.03 (0.87 to 1.22)

Coagulation 76/1600 (4.8) 56/1525 (3.7) 0.8 (–0.4 to 1.9) OR, 1.37 (0.98 to 1.90)

Respiratory 165/1600 (10.3) 160/1525 (10.5) –0.1 (–1.7 to 1.6) OR, 1.00 (0.79 to 1.25)

Hepatic 26/1600 (1.6) 26/1525 (1.7) –0.1 (–0.8 to 0.5) OR, 1.01 (0.65 to 1.57)

Mechanical ventilation–free days
within 28 days

27 (18 to 28) 27 (17 to 28) 0.17 (–0.07 to 0.32)

Tertiary end points

Death in ICU 902/5267 (17.1) 927/5238 (17.7) –0.1 (–0.8 to 0.5) OR, 1.00 (0.89 to 1.12)

Death in hospital 1190/5267 (22.6) 1204/5238 (23.0) –0.4 (–2.2 to 1.3) OR, 1.01 (0.91 to 1.12)

ICU length of stay, median (IQR), d 3 (2 to 7) 3 (2 to 7) –0.2 (–0.6 to 0.2) MR, 0.98 (0.93 to 1.03)

No. 5267 5238

Length of stay, median (IQR), d 8 (5 to 19) 9 (5 to 17) –0.2 (–1.0 to 0.6) MR, 0.99 (0.94 to 1.04)

No. 5267 5238

Abbreviations: HR, hazard ratio; ICU, intensive care unit; IQR, interquartile
range; KDIGO, Kidney Disease: Improving Global Outcomes;
MR, mean ratio;
OR, odds ratio; RR, rate ratio; SOFA, Sequential Organ Failure Assessment.
a Results expressed as No./total No. (%) unless otherwise indicated.
b Missing primary end point data for 15 patients were imputed.
c Measured at that specific day including only patients who did not have acute

kidney injury (stages 2 or3) at baseline. KDIGO ranges from 0 (no acute kidney
injury) to 3 (severe kidney injury).

d Six organs or systems are assessed, each receiving 0 (no dysfunction) to 4
points (more severe dysfunction). The sum of scores ranges from 0 to 24;
higher scores indicate more severe disease: cardiovascular (�3 is assigned
when patient is given >5 μg/kg/min of dopamine or any dose of epinephrine or
norepinephrine); neurological (�3 when the Glasgow Coma Scale is �9);
coagulation (�3 when platelet count is �49 000 per μL); respiratory
(�3 when the patient is mechanically ventilated with an arterial oxygen partial
pressure over inspired oxygen fraction ratio of �200); and hepatic (�3 when
serum bilirubin is �6 mg/dL [�102.52 μmol/L]).
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second sensitivity analysis for the primary end point was strati-
fied according to baseline presence of heart failure (eTable 7
in Supplement 3) for patients with a known diagnosis before
enrollment and again provided nonstatistically significant re-
sults. The differences in need for vasopressors at days 3 and 7
was further explored according to the other factorial cohort
(fluid type; eTable 8 in Supplement 3). This analysis rendered
nonstatistically different results (P = .76 and P = .70 for inter-
action at days 3 and 7, respectively). A sensitivity exploratory
analysis using Bayesian networks was performed focusing on
changes in cardiovascular SOFA score (eFigure 5 and eTable 9
in Supplement 3). In brief, results mostly confirmed the main
analysis. For example, the probability that patients were alive
in the ICU without vasopressor or discharged by day 3 regard-
less of baseline cardiovascular SOFA score was 0.71 for the
slower infusion vs 0.69 for the control infusion (resulting in
an OR of 1.11; 95% credible interval, 1.01-1.21; that is approxi-
mately a 2% increase). This effect was also present specifi-

cally for patients who were taking vasopressors at admission,
for which the probability of being without vasopressors or dis-
charged alive by day 3 was 0.56 for the slower infusion vs 0.53
for the control infusion rates (OR, 1.14; 95% credible interval,
1.03-1.27). No significant differences were observed at 7 days.

Adverse Events
There were no reported suspected unexpected severe ad-
verse events in either group.

Discussion
In this large, multicenter randomized clinical trial, there was
no significant difference in 90-day survival among patients
in the ICU requiring fluid challenges who received a slower
infusion rate (333 mL/h) compared with a control infusion
rate (999 mL/h).

Figure 2. Cumulative Incidence of the Primary End Point (90-Day Survival) for Slower vs Control Infusion Rates
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Median observation time was 90
days (interquartile range [IQR],
57-90 days) for the control and 90
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infusion rate.

Figure 3. Patient Status According to Whether Patients Were Discharged, Dead, or in the Intensive Care Unit (ICU)
With Cardiovascular Sequential Organ Failure Score (SOFA)
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Despite several studies examining composition of fluids
used in critically ill patients, little attention is given to other
important aspects of fluid therapy, including infusion rate,
temperature, among others. These are important targets that
are easy to implement and that may be relevant for patient-
centered end points. Specifically, previous evidence suggests
that fast infusion rates may result in abnormal gas exchange19

and may reduce exercise tolerance,20 among other effects.7

For healthy volunteers, faster fluid infusion may be associ-
ated with reduced cardiac output and an increased heart
rate.21 The present study aimed to test whether 2 different
infusion rates could change the 90-day survival and organ
dysfunction profile for critically ill patients. Although a
slower infusion rate was not statistically associated with
reduction in the primary end point, some secondary end
points were statistically different between groups. There was
a lower use of vasopressors (hemodynamic SOFA score >2) on
day 3 in the slower infusion rate group. In a study by Monge
Garciá et al,22 using data from fluid challenges that were per-
formed in patients with sepsis at rates equal to those used in
the control group for this study (500 mL in 30 minutes)
reported that arterial elastance decreased after fluid loading,
possibly suggesting a potential pathway for higher vasopres-
sor requirements in patients receiving faster fluid infusions.
These results, however, were of small magnitude (reductions
were of an absolute magnitude of close to 2%), were not sus-
tained by day 7, and did not reflect on any patient-centered
end points, thereby limiting any strong conclusions. These
results are aligned with the more frequent cardiovascular
failure observed in the fluid bolus group in the Fluid Expan-
sion as Supportive Therapy (FEAST) trial.4 The respiratory

effect observed, which was also punctual, may be related to
the plausible hypothesis of reducing the formation of lung
edema with slower infusion rates. Conversely, a slower
infusion rate might result in more coagulation abnormalities
by day 3, which could be related to a higher plasma expan-
sion with slower infusion5,23 or to a slower resuscitation
that could result in coagulation abnormalities. Therefore, fur-
ther studies should explore not only the effects of different
infusion rates but also the timing of using faster and slower
infusion rates.

Limitations
This study has several limitations. First, the slower infusion
rate was defined arbitrarily at 333 mL/h. Second, secondary
end points were not adjusted for multiple comparisons
and therefore should be considered hypothesis generating.
Third, some secondary end points are complicated by com-
peting risks (such as discharge and death); however, in an
alternative planned analysis that accounted for these event
results were unchanged. Fourth, data were not collected for
the reasons for fluid challenges. In addition, there was no rec-
ord on the immediate effects of fluid challenges on hemody-
namic parameters.

Conclusions
Among patients in the intensive care unit requiring fluid chal-
lenges, infusing at a slower rate compared with a faster rate
did not reduce 90-day mortality. These findings do not sup-
port the use of a slower infusion rate.
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