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IMPORTANCE Hypotension is common during tracheal intubation of critically ill adults and
increases the risk of cardiac arrest and death. Whether administering an intravenous fluid
bolus to critically ill adults undergoing tracheal intubation prevents severe hypotension,
cardiac arrest, or death remains uncertain.

OBJECTIVE To determine the effect of fluid bolus administration on the incidence of severe
hypotension, cardiac arrest, and death.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial enrolled 1067 critically ill
adults undergoing tracheal intubation with sedation and positive pressure ventilation at 11
intensive care units in the US between February 1, 2019, and May 24, 2021. The date of final
follow-up was June 21, 2021.

INTERVENTIONS Patients were randomly assigned to receive either a 500-mL intravenous
fluid bolus (n = 538) or no fluid bolus (n = 527).

MAIN OUTCOMES AND MEASURES The primary outcome was cardiovascular collapse
(defined as new or increased receipt of vasopressors or a systolic blood pressure <65 mm Hg
between induction of anesthesia and 2 minutes after tracheal intubation, or cardiac arrest
or death between induction of anesthesia and 1 hour after tracheal intubation).
The secondary outcome was the incidence of death prior to day 28, which was censored
at hospital discharge.

RESULTS Among 1067 patients randomized, 1065 (99.8%) completed the trial and were
included in the primary analysis (median age, 62 years [IQR, 51-70 years]; 42.1% were
women). Cardiovascular collapse occurred in 113 patients (21.0%) in the fluid bolus group and
in 96 patients (18.2%) in the no fluid bolus group (absolute difference, 2.8% [95% CI, −2.2%
to 7.7%]; P = .25). New or increased receipt of vasopressors occurred in 20.6% of patients in
the fluid bolus group compared with 17.6% of patients in the no fluid bolus group, a systolic
blood pressure of less than 65 mm Hg occurred in 3.9% vs 4.2%, respectively, cardiac arrest
occurred in 1.7% vs 1.5%, and death occurred in 0.7% vs 0.6%. Death prior to day 28
(censored at hospital discharge) occurred in 218 patients (40.5%) in the fluid bolus group
compared with 223 patients (42.3%) in the no fluid bolus group (absolute difference, −1.8%
[95% CI, −7.9% to 4.3%]; P = .55).

CONCLUSIONS AND RELEVANCE Among critically ill adults undergoing tracheal intubation,
administration of an intravenous fluid bolus compared with no fluid bolus did not significantly
decrease the incidence of cardiovascular collapse.
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F rom 2014 to 2018, approximately 2 million critically ill
adults underwent tracheal intubation each year in the
US.1 Hypotension occurs during 25% to 40% of tra-

cheal intubations in the intensive care unit (ICU)2,3 and can lead
to cardiac arrest and death.2,4-6

Hypotension during tracheal intubation results, in part,
from medication-induced vasodilation and decreased return
of venous blood to the heart due to increased intrathoracic pres-
sure from positive pressure ventilation.7,8 The intravenous ad-
ministration of a crystalloid solution (referred to as a fluid bo-
lus) might counteract these effects by transiently increasing
intravascular volume. Current international guidelines9-11 and
expert recommendations12 suggest that critically ill adults un-
dergoing tracheal intubation receive a fluid bolus. A fluid bo-
lus is administered during approximately 40% to 50% of emer-
gency tracheal intubations in current clinical practice.2

One prior randomized clinical trial examined whether ad-
ministration of a fluid bolus to critically ill adults undergoing
tracheal intubation prevents severe hypotension, cardiac ar-
rest, and death (referred to as cardiovascular collapse).5 The
trial found that administration of a fluid bolus did not affect
the risk of cardiovascular collapse overall, but appeared ben-
eficial among patients who received positive pressure venti-
lation with a bag-mask device or a noninvasive ventilator dur-
ing the tracheal intubation procedure. This suggested a
plausible link between reduced cardiac venous return from
positive pressure ventilation and a beneficial effect of a fluid
bolus.8,13 Positive pressure ventilation has been demon-
strated to prevent hypoxemia14,15 and is received by the ma-
jority of ICU patients undergoing tracheal intubation.2

The Preventing Cardiovascular Collapse With Adminis-
tration of Fluid Resuscitation During Induction and Intuba-
tion (PREPARE II) trial examined the effect of intravenous
fluid bolus administration on cardiovascular collapse among
critically ill adults undergoing tracheal intubation with posi-
tive pressure ventilation. The hypothesis was that adminis-
tration of an intravenous fluid bolus would decrease the inci-
dence of cardiovascular collapse.

Methods
Trial Design and Oversight
This multicenter, parallel-group, unblinded, pragmatic ran-
domized clinical trial compared administration of an intrave-
nous fluid bolus vs no fluid bolus for critically ill adults
undergoing tracheal intubation. The trial was approved with
a waiver of informed consent by the central institutional
review board at Vanderbilt University Medical Center and the
local institutional review board at each trial site through reli-
ance agreement or primary review.

The trial was registered prior to enrollment and was over-
seen by an independent data and safety monitoring board.
Enrollment began on February 1, 2019, was paused from
February 28, 2020, until August 24, 2020, during the COVID-
19 pandemic, and concluded on May 24, 2021. The trial pro-
tocol and statistical analysis plan were published16 before
enrollment concluded and appear in Supplement 1.

Trial Sites and Patient Population
The trial was conducted in 11 ICUs across the US. Adult
patients (aged ≥18 years) were eligible if they were under-
going tracheal intubation with the planned use of (1) med-
ications to induce anesthesia and (2) positive pressure
ventilation with either a bag-mask device or a noninvasive
ventilator between induction of anesthesia and laryngos-
copy. Limiting eligibility to patients receiving positive pres-
sure ventilation was a predictive enrichment strategy17,18

intended to selectively enroll patients more likely to benefit
from administration of a fluid bolus.

Patients were excluded if they were pregnant, were incar-
cerated, had an immediate need for tracheal intubation that
precluded randomization, or if the clinician performing the
tracheal intubation procedure (referred to as the operator)
determined that administration of a fluid bolus during tra-
cheal intubation was either required or contraindicated.
Details of the trial sites and complete lists of the inclu-
sion and exclusion criteria appear in the eMethods in
Supplement 2.

Randomization
Patients were randomized using a 1:1 ratio to receive or not
receive an intravenous fluid bolus (Figure 1) according to a
computer-generated list that used randomly permuted block
sizes of 2, 4, and 6 and stratified patients according to trial
site. Trial group assignments were placed in sequentially
numbered opaque envelopes and remained concealed until
after enrollment. Given the nature of the intervention, opera-
tors and research personnel were aware of trial group assign-
ments after randomization.

Trial Interventions
For patients assigned to the fluid bolus group, operators were
instructed to intravenously infuse 500 mL of an isotonic
crystalloid solution of the operator’s choice. Operators were
instructed to: (1) infuse the fluid from above the level of the
intravenous or intraosseous access by gravity, manual pres-
sure, or bag pressure; (2) infuse as much of the 500-mL solu-
tion before induction of anesthesia could be achieved with-
out delaying the tracheal intubation procedure; and (3) infuse

Key Points
Question In critically ill adult patients undergoing tracheal
intubation, does intravenous infusion of a crystalloid solution as a
500-mL fluid bolus decrease the incidence of severely low blood
pressure, cardiac arrest, or death (referred to as cardiovascular
collapse) during or shortly after the procedure?

Findings In this randomized clinical trial that included 1065
critically ill adults, the incidence of cardiovascular collapse was
21.0% with administration of a fluid bolus vs 18.2% without
administration of a fluid bolus, a difference that was not
statistically significant.

Meaning Among critically ill adults undergoing tracheal
intubation, administration of a fluid bolus did not significantly
decrease the incidence of cardiovascular collapse.

Effect of Fluid Bolus Administration on Cardiovascular Collapse Among Patients Undergoing Tracheal Intubation Original Investigation Research

jama.com (Reprinted) JAMA July 19, 2022 Volume 328, Number 3 271

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Taranaki District Health Board User  on 09/04/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.9792?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.9792
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.9792?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.9792
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.9792


any of the 500-mL solution that remained after induction of
anesthesia during the tracheal intubation procedure.

For patients assigned to the no fluid bolus group, initia-
tion of a new intravenous fluid bolus was not permitted ex-
cept as treatment for hypotension or if the operator deter-
mined that an intravenous fluid bolus was necessary for the
safety of the patient.

As a pragmatic trial, delivery of the assigned intervention
occurred within routine clinical care, and trial group assign-
ment determined only whether a fluid bolus was initiated
between enrollment and induction of anesthesia. In either
trial group, patients could continue to receive intravenous
fluid infusions that had been initiated prior to enrollment. All
other aspects of the tracheal intubation procedure were
deferred to the operator, including the choice of induction
agents, the use of vasopressors to prevent or treat hypoten-

sion, and the use of a fluid bolus to treat hypotension after
induction of anesthesia.

Data Collection
Trial personnel or a clinician trained according to the trial
protocol, but who was not involved in the performance of the
tracheal intubation, collected data during the procedure,
including the volume of intravenous fluid administered, the
lowest levels of systolic blood pressure and oxygen satura-
tion, and initiation of or increased dose of vasopressors.
Immediately after tracheal intubation, the operator recorded
the induction agent used, the devices used to provide
supplemental oxygen or ventilation before the induction of
anesthesia and between the induction of anesthesia and
laryngoscopy, and the occurrence of complications, including
cardiac arrest.

Figure 1. Flow of Participants Through the PREPARE II Trial

1576 Critically ill adults undergoing
tracheal intubation were screened

509 Excluded
196 Underwent intubation too urgently to

complete the trial procedures
152 Positive pressure between induction and

laryngoscopy not planned

121 Fluid bolus contraindicated

27 Fluid bolus required

4 Incarcerated
4 Pregnant
3 Intubated without sedation
2 Eligible but not enrolled

25 Hypovolemic shock
2 Other hypovolemia

90 Hypervolemia
5 Pulmonary hypertension
3 Cerebral edema
1 Cardiogenic shock
1 Hyponatremia

21 Other reason (not specified)

50 Institutional policies for COVID-19
37 Brisk upper gastrointestinal tract bleeding
28 Active emesis or hematemesis
5 Hemoptysis
1 Small bowel obstruction
1 Esophageal injury

30 Other reason (not specified)

1067 Randomized

538 Included in the primary analysis

538 Randomized to receive a new fluid bolus
535 Received a new fluid bolus as

randomized
3 Did not receive a new fluid bolus

as randomized
1 Concern for new pulmonary edema
1 Developed severe hypertension
1 Clinician error

529 Randomized to not receive a new
fluid bolus
523 Did not receive a new fluid bolus

as randomized
6 Received a new fluid bolus for

hypotension

527 Included in the primary analysis

2 Excluded after randomization
(discovered to be ineligible;
neither received a new fluid bolus)

PREPARE II indicates Preventing Cardiovascular Collapse With Administration of Fluid Resuscitation During Induction and Intubation.
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Research personnel collected data on baseline character-
istics, patient management before and after laryngoscopy, and
clinical outcomes from the electronic health record. Race and
ethnicity were self-reported by patients or reported by their
surrogates as part of clinical care. Race and ethnicity were col-
lected from the electronic health record by research person-
nel using fixed categories to facilitate assessment of the rep-
resentativeness of the trial population and the generalizability
of the trial results.

Outcomes
The prespecified primary outcome was cardiovascular
collapse,3,5,19 which was defined as the occurrence of 1 or more
of the following: new or increased receipt of vasopressors (bo-
lus or infusion) between induction of anesthesia and 2 min-
utes after tracheal intubation; a systolic blood pressure of less
than 65 mm Hg between induction of anesthesia and 2 min-
utes after tracheal intubation; cardiac arrest between induc-
tion of anesthesia and 1 hour after tracheal intubation; or death
between induction of anesthesia and 1 hour after tracheal in-
tubation. The single prespecified secondary outcome was the
incidence of death prior to day 28, which was censored at hos-
pital discharge. Exploratory procedural, safety, and clinical out-
comes are described in the eMethods in Supplement 2.

Sample Size Calculation
Details regarding the determination of the sample size have
been reported previously.16 Assuming that 25% of patients in
the no fluid bolus group would experience cardiovascular col-
lapse and anticipating less than 5% of missing data for the pri-
mary outcome, it was determined that enrollment of 750 pa-
tients would provide 80% power at a 2-sided α level of .05 to
detect a between-group absolute difference of 8.75% (a rela-
tive risk difference of 35%), which is smaller than the abso-
lute difference of 10.2% (a relative risk difference of 40%) that
was observed among patients receiving positive pressure ven-
tilation in a prior trial.5

As specified in the initial trial protocol (Supplement 1),
the data and safety monitoring board examined the observed
incidence of cardiovascular collapse in the no fluid bolus
group during the interim analysis after enrollment of 375
patients. Because the observed incidence of cardiovascular
collapse was lower than expected, the sample size was
increased to 1065 patients based on the recommendation of
the data and safety monitoring board to maintain 80% statis-
tical power to detect a between-group relative risk difference
of 35%. Study personnel remained blinded to the results of
the interim analysis and trial outcomes until enrollment was
completed and the database was locked (additional details of
the sample size calculation appear in Supplement 1 and in the
eMethods in Supplement 2).

Statistical Analysis
The primary analysis was an unadjusted comparison of the pri-
mary outcome between patients assigned to the 2 trial groups
using the χ2 test, with the results reported as an absolute risk
difference and 95% CI. The primary analysis included all ran-
domized patients; however, 2 patients were withdrawn from

the study after randomization for incarcerated status, which
was identified after tracheal intubation. Patients were ana-
lyzed according to the group to which they were randomly as-
signed. The sensitivity analyses used alternate definitions of
the components of the primary outcome or alternative meth-
ods of analysis, including an ordinal regression analysis that
ranked the components of the primary outcome from least
severe (new or increased receipt of vasopressors) to most se-
vere (death) (additional details appear in the eMethods in
Supplement 2).

Additional analyses included (1) a generalized, linear
mixed-effects model using a logit link function with a ran-
dom effect for trial site and a fixed effect for trial group and
(2) a logistic regression model adjusting for the following pre-
specified baseline covariates: age, Acute Physiology and
Chronic Health Evaluation II score,20 sepsis or septic shock,
receipt of vasopressors, and receipt of intravenous fluids
prior to enrollment. In the adjusted analyses, missing data for
baseline covariates were imputed using multiple imputa-
tions. Effect modification was assessed using unadjusted
logistic regression models that included study group assign-
ment, the prespecified effect modifier of interest, and the
interaction between the 2. Further details appear in the
eMethods in Supplement 2 and in the statistical analysis plan
in Supplement 1.16

After enrollment of 375 patients, the data and safety
monitoring board conducted a single, planned interim analy-
sis comparing the incidence of cardiovascular collapse
between groups using a Haybittle-Peto stopping boundary of
P < .001 for efficacy. For the final analysis of the primary out-
come, a 2-sided P < .05 was considered to indicate statistical
significance. Secondary and exploratory outcomes were
compared between groups using the χ2 test for categorical
outcomes and the Mann-Whitney test for continuous vari-
ables using complete case analysis. Between-group differ-
ences were reported as point estimates and 2-sided 95% CIs.
The widths of the 95% CIs were not adjusted for multiplicity.
Findings for these analyses should be considered explor-
atory. All analyses were performed using R version 4.1.0
(R Foundation for Statistical Computing).

Results
Patients
Of 1576 patients screened, 196 were excluded due to the
urgency of the tracheal intubation procedure, 152 were
excluded because positive pressure ventilation during tra-
cheal intubation was not planned, 121 were excluded be-
cause a fluid bolus was contraindicated, 27 were excluded
because a fluid bolus was required, and 13 were excluded for
other reasons, leaving 1067 who were randomized and
enrolled in the trial (Figure 1). Two patients were determined
to be incarcerated after enrollment and were excluded from
subsequent data collection and analysis. The remaining 1065
patients were included in the primary analysis (Figure 1). The
median age was 62 years (IQR, 51-70 years), 448 (42.1%)
were women, and approximately 60% of patients had acute
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respiratory failure as an indication for tracheal intubation.
Approximately 20% of patients were receiving vasopressors
and 10% were receiving intravenous fluid at the time of
enrollment. A total of 538 patients (50.5%) were assigned to
the fluid bolus group and 527 patients (49.5%) were assigned
to the no fluid bolus group (Table 1 and eTables 1-4 in Supple-
ment 2). The date of final follow-up was June 21, 2021.

Receipt of Intravenous Fluid
An intravenous fluid bolus was initiated between enroll-
ment and induction of anesthesia in 535 patients (99.4%) in

the fluid bolus group and in 6 patients (1.1%) in the no fluid
bolus group (Table 2 and eTable 5 in Supplement 2). The me-
dian volume of intravenous fluid received between random-
ization and 2 minutes after tracheal intubation was 500 mL
(IQR, 300-500 mL) in the fluid bolus group and 0 mL (IQR,
0-0 mL) in the no fluid bolus group. In the fluid bolus group,
the majority of the fluid bolus (median, 300 mL; IQR, 150-
450 mL) was administered prior to the induction of anesthe-
sia (eFigure 1 in Supplement 2).

A total of 20 patients (3.7%) in the fluid bolus group and
31 patients (5.9%) in the no fluid bolus group received a new

Table 1. Baseline Characteristics

Characteristic Fluid bolus (n = 538) No fluid bolus (n = 527)
Age, median (IQR), y 61 (51-70) 62 (51-71)

Sex, No. (%)

Female 220 (40.9) 228 (43.3)

Male 318 (59.1) 299 (56.7)

Race and ethnicity, No. (%)a (n = 536) (n = 525)

American Indian/Alaska Native 4 (0.7) 3 (0.6)

Asian 7 (1.3) 11 (2.1)

Hispanic 24 (4.5) 23 (4.4)

Native Hawaiian/Other Pacific Islander 1 (0.2) 0

Non-Hispanic Black 135 (25.2) 104 (19.8)

Non-Hispanic White 355 (66.2) 383 (73.0)

Otherb 10 (1.9) 2 (0.4)

Weight, median (IQR), kg 81.2 (65.8-99.8) 80.7 (67.6-99.3)

Body mass index, median (IQR)c (n = 537)
27.6 (23.6-33.3)

(n = 526)
27.7 (23.5-32.7)

Chronic condition, No. (%)d

Obesity 199 (37.0) 196 (37.2)

Hypertension 181 (33.6) 180 (34.2)

Diabetes 141 (26.2) 151 (28.7)

Malignancy (hematologic and solid tumor) 106 (19.7) 106 (20.1)

Chronic obstructive pulmonary disease 101 (18.8) 90 (17.1)

Congestive heart failure 83 (15.4) 73 (13.9)

Kidney failure 22 (4.1) 32 (6.1)

Active conditions, No. (%)d

Sepsis or septic shock 312 (58.0) 318 (60.3)

Sepsise 217 (40.3) 210 (39.8)

Septic shockf 95 (17.7) 108 (20.5)

Pneumonia 133 (24.7) 123 (23.3)

Acute respiratory distress syndrome 58 (10.8) 71 (13.5)

Gastrointestinal tract hemorrhage 59 (11.0) 50 (9.5)

COVID-19 31 (5.8) 30 (5.7)

Indication for tracheal intubation, No. (%)d

Respiratory failure characterized by hypoxia 222 (41.3) 226 (42.9)

Altered mental status 110 (20.4) 106 (20.1)

Respiratory failure characterized by hypoxia
and hypercarbia

61 (11.3) 56 (10.6)

Facilitation of urgent procedure 43 (8.0) 37 (7.0)

Respiratory failure characterized by hypercarbia 37 (6.9) 42 (8.0)

Other 65 (12.1) 60 (11.4)

APACHE II score, median (IQR)g 20 (14-25) 18 (14-25)

Use of vasopressor within prior 1 h, No. (%) (n = 536)
107 (20.0)

(n = 527)
102 (19.4)

Receiving intravenous fluid at enrollment, No. (%)h 55 (10.2) 52 (9.9)

a Self-reported or reported by a
surrogate and collected from the
electronic health record by research
personnel using these fixed
categories. More than 1 race and
ethnicity could be reported.

b Recorded when not represented by
any of the fixed categories.

c Calculated as weight in kilograms
divided by height in meters
squared.

d Could have more than 1. The
complete lists of chronic conditions,
active conditions, and indication for
tracheal intubation appear in
eTables 1-3 in Supplement 2.

e Defined as life-threatening organ
dysfunction caused by a
dysregulated host response to
infection.

f Defined as sepsis plus requirement
of vasopressors to maintain a mean
arterial pressure of 65 mm Hg or
greater and a serum lactate level
greater than 2 mmol/L in the
absence of hypovolemia.

g Scores on the Acute Physiology and
Chronic Health Evaluation
(APACHE) II range from 0 to 71;
higher scores indicate a greater
severity of illness.20 The scores
were calculated using the most
extreme (worst) values during the
24 hours preceding enrollment.
Severe organ insufficiency was
defined as any of the following:
cirrhosis with portal hypertension;
New York Heart Association class IV
heart failure; chronic restrictive,
obstructive, or vascular disease
resulting in severe exercise
restriction or documented chronic
hypoxia, hypercapnia, or pulmonary
hypertension; undergoing chronic
dialysis; or immunocompromised
(defined as immunosuppression;
receiving chemotherapy, radiation,
or steroids; or having leukemia,
lymphoma, or AIDS).

h Defined as ongoing infusion of a
crystalloid or colloid solution.
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or additional fluid bolus initiated after induction of anesthe-
sia for the treatment of hypotension.

Management of Tracheal Intubation
The approach to preoxygenation, choice of agents for induc-
tion of anesthesia and neuromuscular blockade, and levels of
systolic blood pressure and oxygen saturation at induction of
anesthesia were not significantly different between groups
(Table 2 and eTables 6-7 in Supplement 2). A total of 66 pa-
tients (12.3%) in the fluid bolus group and 62 patients (11.8%)
in the no fluid bolus group had a vasopressor bolus or infu-
sion administered between enrollment and induction of an-
esthesia for prevention of hypotension. A total of 526 pa-
tients (97.8%) in the fluid bolus group and 513 patients (97.3%)
in the no fluid bolus group received positive pressure venti-
lation with a bag-mask device or a noninvasive ventilator be-

tween induction of anesthesia and laryngoscopy (eTable 7 in
Supplement 2).

Primary Outcome
Data for the primary outcome were available for all patients.
Cardiovascular collapse occurred in 113 patients (21.0%) in
the fluid bolus group and in 96 patients (18.2%) in the no
fluid bolus group (absolute difference, 2.8% [95% CI, −2.2%
to 7.7%], P = .25; Table 3, Figure 2, and eFigure 2 in Supple-
ment 2). Cardiovascular collapse did not significantly differ
between groups in the sensitivity analyses (eTable 8 in
Supplement 2) or in the adjusted analyses (eTable 9 and eFig-
ure 3 in Supplement 2). Administration of a fluid bolus did
not significantly decrease the incidence of cardiovascular
collapse in any prespecified subgroup (Figure 2 and eFigures
4-7 in Supplement 2).

Table 2. Characteristics of the Tracheal Intubation Procedures

Characteristic Fluid bolus (n = 538) No fluid bolus (n = 527) Difference (95% CI)a

Intravenous fluids

Fluid bolus initiated prior to induction of anesthesia,
No. (%)

535 (99.4) 6 (1.1) Absolute, 98.3 (97.0 to 99.6)

Volume of fluid infused between enrollment
and 2 minutes after tracheal intubation

(n = 536) (n = 526)

Median (IQR), mL 500 (300 to 500) 0 (0 to 0) Median, 500 (450 to 500)

Per body weight, median (IQR), mL/kg 5.0 (3.5 to 6.8) 0 (0 to 0) Median, 5.0 (4.8 to 5.3)

New or additional fluid bolus initiated
after induction of anesthesia
for the treatment of hypotension, No. (%)

20 (3.7) 31 (5.9) Absolute, −2.2 (−4.9 to 0.6)

Management of tracheal intubation

Preoxygenation method, No. (%)b

Bilevel positive airway pressure 161 (29.9) 148 (28.1) Absolute, 1.8 (−3.8 to 7.5)

Bag-mask device 151 (28.1) 173 (32.8) Absolute, −4.8 (−10.5 to 0.9)

Nonrebreather mask 133 (24.7) 129 (24.5) Absolute, 0.2 (−5.1 to 5.6)

High-flow nasal cannula 102 (19.0) 95 (18.0) Absolute, 0.9 (−3.9 to 5.8)

Standard nasal cannula 55 (10.2) 43 (8.2) Absolute, 2.1 (−1.6 to 5.7)

Did not receive preoxygenation 4 (0.7) 2 (0.4) Absolute, 0.4 (−0.7 to 1.4)

Vasopressor bolus or infusion administered
between enrollment and induction of anesthesia
for prevention of hypotension, No. (%)c

(n = 538)
66 (12.3)

(n = 526)
62 (11.8)

Absolute, 0.5 (−3.6 to 4.6)

Oxygen saturation at induction of anesthesia,
median (IQR), %

(n = 531)
99 (96 to 100)

(n = 521)
99 (96 to 100)

Median, 0 (−0 to 1.0)

Systolic blood pressure at induction of anesthesia,
median (IQR), mm Hg

(n = 538)
128 (110 to 147)

(n = 526)
126 (110 to 145)

Median, 2.0 (−2.0 to 6.5)

Induction agent, No. (%)d 536 (99.6) 526 (99.8) Absolute, −0.2 (−1.0 to 0.6)

Etomidate 413 (76.8) 416 (78.9) Absolute, −2.2 (−7.3 to 3.0)

Ketamine 66 (12.3) 55 (10.4) Absolute, 1.8 (−2.2 to 5.8)

Propofol 53 (9.9) 57 (10.8) Absolute, −1.0 (−4.8 to 2.9)

Neuromuscular blocking agent, No. (%)e 509 (94.6) 492 (93.4) Absolute, 1.3 (−1.8 to 4.3)

Rocuronium 402 (74.7) 378 (71.7) Absolute, 3.0 (−2.5 to 8.5)

Succinylcholine 105 (19.5) 109 (20.7) Absolute, −1.2 (−6.2 to 3.8)

Positive pressure ventilation delivered between
induction of anesthesia and laryngoscopy,
No. (%)f

526 (97.8) 513 (97.3) Absolute, 0.4 (−1.6 to 2.5)

a The absolute differences are expressed as percentages.
b Patients could receive more than 1. Preoxygenation via bag mask with

concurrent ventilation and noninvasive ventilation were considered positive
pressure ventilation mechanisms, whereas provision of bag-mask
preoxygenation without ventilation was not (eFigure 4 in Supplement 2).

c As either a 1-time bolus, a new infusion, or an increased rate of infusion for the
purpose of preventing procedural hypotension.

d Patients could receive more than 1. A complete list and the dosages appear in
eTable 6 in Supplement 2.

e A complete list and the dosages appear in eTable 6 in Supplement 2.
f Included ventilation provided through a bag-mask device or a noninvasive

ventilator.
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Secondary Outcome
A total of 218 patients (40.5%) in the fluid bolus group expe-
rienced death prior to day 28, which was censored at hospital
discharge, compared with 223 patients (42.3%) in the no fluid
bolus group (absolute difference, −1.8% [95% CI, −7.9% to
4.3%], P = .55; Table 3).

Exploratory Outcomes
The incidences of each component of the cardiovascular
collapse composite outcome did not significantly differ
between groups (Table 3 and eFigure 2 in Supplement 2).
New or increased receipt of vasopressors occurred in 20.6%
of patients in the fluid bolus group vs 17.6% of patients in the
no fluid bolus group (absolute difference, 3.0% [95% CI,
−1.9% to 7.9%]), a systolic blood pressure of less than 65 mm
Hg occurred in 3.9% vs 4.2%, respectively (absolute differ-
ence, −0.3% [95% CI, −2.8% to 2.3%]), cardiac arrest occurred
in 1.7% vs 1.5% (absolute difference, 0.2% [95% CI, −1.5%
to 1.8%]), and death occurred in 0.7% vs 0.6% (absolute dif-
ference, 0.2% [95% CI, −1.0% to 1.3%]). The median lowest
level of systolic blood pressure from induction of anesthesia
to 2 minutes after tracheal intubation was 116 mm Hg (IQR,
93 to 139 mm Hg) in the fluid bolus group and 113 mm Hg

(IQR, 95 to 134 mm Hg) in the no fluid bolus group (median
difference, 3.0 mm Hg [95% CI, −3.0 to 7.0 mm Hg]). The
arterial oxygen saturation, fraction of inspired oxygen, and
positive end-expiratory pressure at 24 hours after tracheal
intubation did not significantly differ between the groups
(eTable 10 in Supplement 2). The number of days alive and
free of invasive mechanical ventilation and the number of
days alive outside the ICU did not significantly differ
between groups (Table 3).

Discussion
In this multicenter, randomized clinical trial, administration
of an intravenous fluid bolus to critically ill adults undergo-
ing tracheal intubation with positive pressure ventilation did
not significantly decrease the incidence of cardiovascular col-
lapse compared with no fluid bolus.

The effect of administration of a fluid bolus on cardio-
vascular collapse during tracheal intubation of critically ill
adults has been evaluated in 1 prior randomized clinical
trial.5 That trial examined the effect of administration of an
intravenous fluid bolus compared with no fluid bolus on the

Table 3. Outcomes of Tracheal Intubation

Fluid bolus (n = 538) No fluid bolus (n = 527) Difference (95% CI)a

Primary outcome

Cardiovascular collapse, No. (%)b 113 (21.0) 96 (18.2) Absolute, 2.8 (−2.2 to 7.7)

New or increased receipt of vasopressors 111 (20.6) 93 (17.6) Absolute, 3.0 (−1.9 to 7.9)

Systolic blood pressure <65 mm Hgc (n = 535)
21 (3.9)

(n = 524)
22 (4.2)

Absolute, −0.3 (−2.8 to 2.3)

Cardiac arrest 9 (1.7) 8 (1.5) Absolute, 0.2 (−1.5 to 1.8)

Death 4 (0.7) 3 (0.6) Absolute, 0.2 (−1.0 to 1.3)

Secondary outcome

In-hospital death prior to 28 d, No. (%) 218 (40.5) 223 (42.3) Absolute, −1.8 (−7.9 to 4.3)

Exploratory procedural outcomesd

Systolic blood pressure, median (IQR), mm Hgc

Lowest level 116 (93 to 139) 113 (95 to 134) Median, 3.0 (−3.0 to 7.0)

Change in level −7 (−26 to 0) −9 (−27 to 0) Median, 2.0 (−2.0 to 5.0)

Lowest arterial oxygen saturation, median (IQR), mm Hg 96 (86 to 100) 96 (88 to 100) Median, 0 (−2.0 to 1.0)

Oxygen saturation <80%, No. (%) (n = 531)
79 (14.9)

(n = 518)
71 (13.7)

Absolute, 1.2 (−3.3 to 5.6)

Exploratory clinical outcomes, median (IQR)

Invasive mechanical ventilation–free days through 28 de 14 (0 to 25) 12 (0 to 25) Median, 2.0 (−10.0 to 15.0)

Intensive care unit–free days through 28 df 9 (0 to 22) 9 (0 to 22) Median, −0.5 (−9.0 to 9.5)
a The absolute differences are expressed as percentages.
b The between-group difference was not statistically significant (P = .25 with χ2

test). Cardiovascular collapse was defined as the occurrence of 1 or more of
the following: a systolic blood pressure of less than 65 mm Hg between
induction of anesthesia and 2 minutes after tracheal intubation; new or
increased receipt of vasopressors between induction of anesthesia and
2 minutes after tracheal intubation; cardiac arrest within 1 hour of tracheal
intubation; or death within 1 hour of tracheal intubation. Patients could
experience more than 1 component of the composite primary outcome.

c Data recorders were instructed to report no value for the lowest systolic blood
pressure if no blood pressure reading could be obtained (eg, during cardiac
arrest). All 6 patients for whom lowest systolic blood pressure was missing
met the primary outcome of cardiovascular collapse; 1 such patient in the fluid
bolus group died between induction of anesthesia and 1 hour after the

procedure. 4 of these patients (3 in the fluid bolus group and 1 in the no fluid
bolus group) experienced cardiac arrest between induction of anesthesia
and 1 hour after the procedure, and all 6 had new or increased receipt
of vasopressors between induction of anesthesia and 2 minutes after
tracheal intubation.

d Between induction of anesthesia and 2 minutes after completion of the
tracheal intubation procedure.

e Defined as the number of calendar days between enrollment and 28 days after
enrollment in which the patient was alive and not receiving invasive
mechanical ventilation after the patient’s final receipt of invasive mechanical
ventilation. Patients who died before day 28 received a value of 0.

f Calculated using the same approach as invasive mechanical ventilation–free
days. Further details appear in eTable 10 in Supplement 2.
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incidence of cardiovascular collapse during tracheal intuba-
tion of 337 critically ill adults at 9 centers. That trial found
that administration of a fluid bolus did not reduce the risk
of cardiovascular collapse overall, but appeared to decrease
the risk of cardiovascular collapse among patients receiving
positive pressure ventilation with a bag-mask device (odds
ratio, 0.61 [95% CI, 0.33-1.13]; P = .03 for interaction) or a
noninvasive ventilator (odds ratio, 0.51 [95% CI, 0.24-
1.09]; P = .008 for interaction).5 Physiologically, the effect
of fluid bolus administration on the risk of cardiovascular
collapse might be expected to be greatest among patients
receiving positive pressure ventilation during induction of
anesthesia because positive pressure ventilation decreases
return of venous blood to the heart. Because most critically
ill adults receive positive pressure ventilation during tra-
cheal intubation,2 the current, larger randomized clinical
trial was conducted to definitively evaluate whether admin-
istration of a fluid bolus prevents cardiovascular collapse in
this population.8,13

Contrary to the hypothesis of the current trial and to 3 na-
tional ICU tracheal intubation guidelines9-11 that advise the in-
travenous infusion of fluid bolus to prevent hemodynamic
complications, fluid bolus administration did not signifi-
cantly decrease the risk of cardiovascular collapse overall or
in any prespecified subgroup among the 1065 patients in this
trial. Together, the results from a prior randomized trial (which
found no benefit from fluid bolus administration overall but
potential benefit limited to patients receiving positive pres-
sure ventilation) and the current trial (which found no ben-
efit from fluid bolus administration among patients receiving
positive pressure ventilation) provide substantial evidence that

administration of a 500-mL fluid bolus does not reduce the in-
cidence of cardiovascular collapse for critically ill adults un-
dergoing tracheal intubation.

Tracheal intubation in the ICU is a complex, high-risk,
and time-sensitive procedure,2,9 and avoiding the routine
administration of a 500-mL fluid bolus for the prevention of
cardiovascular collapse may simplify operator decision-
making during the tracheal intubation of patients without
another indication for a fluid bolus. Future research should
evaluate the effectiveness of other interventions to prevent
severe hypotension, cardiac arrest, and death during tracheal
intubation, such as the administration of vasopressors prior
to induction of anesthesia22 or the choice or dose of induc-
tion agent.23,24

The strengths of this trial include the use of predictive
enrichment to enroll patients likely to benefit based on
prior evidence, use of randomization to balance baseline
characteristics, concealment of group assignment until
enrollment to prevent selection bias, excellent separation
between trial groups for receipt of the intervention, prag-
matic design conducted at multiple centers to mirror rou-
tine clinical practice and increase generalizability, publica-
tion of the statistical analysis plan prior to completion of
enrollment to improve statistical rigor, and ascertainment of
trial end points by an independent observer to minimize
observer bias.

Limitations
This trial has several limitations. First, approximately 15%
of patients screened were excluded because the urgency of
the tracheal intubation did not permit performance of trial

Figure 2. Effect of Fluid Bolus Administration on Cardiovascular Collapse

P value for
interaction

Favors
fluid bolus

Favors no
fluid bolus

0.5 31
Adjusted odds ratio (95% CI)

No. with outcome/total No. (%)

Fluid bolus No fluid bolus
APACHE II scorea

Difference, %
(95% CI)

Adjusted odds
ratio (95% CI)

38/249 (15) 24/264 (9)<19 6.2 (0.1 to 12.2) 1.80 (1.05 to 3.10)

75/289 (26) 72/263 (27)≥19 –1.4 (–9.2 to 6.3) 0.93 (0.64 to 1.36)

Sepsis

28/226 (12) 19/209 (9)No 3.3 (–3.0 to 9.6) 1.41 (0.76 to 2.62)

85/312 (27) 77/318 (24)Yes 3.0 (–4.1 to 10.2) 1.17 (0.82 to 1.68)

Vasopressors or inotropesb

66/429 (15) 51/425 (12)No 3.4 (−1.5 to 8.2) 1.33 (0.90 to 1.98)

47/107 (44) 45/102 (44)Yes –0.2 (–13.8 to 13.5) 0.99 (0.57 to 1.71)

Predicted probability of primary outcomec

33/327 (10) 19/308 (6)<0.2 3.9 (–0.6 to 8.5) 1.71 (0.95 to 3.07)

113/538 (21) 96/527 (18)Overall 2.8 (–2.2 to 7.7) 1.19 (0.88 to 1.62)

76/202 (38) 74/213 (35)≥0.2 2.9 (–6.8 to 12.6) 1.13 (0.76 to 1.69)

.05

.61

.39

.26

.25

a Scores on the Acute Physiology and Chronic Health Evaluation (APACHE) II
can range from 0 to 71; higher scores indicate a greater severity of illness.20

Patients were dichotomized at the median APACHE II score of the cohort,
which was 19.

b Refers to patients who received vasopressors or inotropes within the hour
prior to enrollment.

c Predicted probability of cardiovascular collapse21 was calculated from age,

systolic blood pressure at induction of anesthesia, APACHE II score, use of
vasopressors, presence of cirrhosis, oxygen saturation at induction of
anesthesia, presence or absence of a procedural indication for tracheal
intubation, the anesthetic agent used, the neuromuscular blocking agent
used, indication for tracheal intubation, presence of chronic kidney disease,
and sex (additional details appear in eFigure 6 in Supplement 2).
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procedures. These results may not generalize to the tracheal in-
tubation of patients experiencing cardiac arrest, respiratory ar-
rest, and other highly urgent indications for tracheal intubation.

Second, a volume of 500 mL was selected because this vol-
ume of crystalloid solution has been demonstrated to in-
crease cardiac output and blood pressure among critically ill
adults,25 is the volume recommended during emergency tra-
cheal intubation in 2 international guidelines,9,10 is the most
common volume of fluid bolus administered in clinical
practice,26 and was the volume that appeared potentially ef-
fective for patients receiving positive pressure ventilation dur-
ing tracheal intubation in a prior trial.5 Whether the results
would have differed if the volume of fluid were greater over-
all, or personalized to the condition of each patient, is un-
known. This trial evaluated only the administration of a 500-mL
fluid bolus as part of the tracheal intubation procedure and does
not inform the use of fluid in critical illness outside the period
immediately surrounding tracheal intubation.

Third, to capture the common hemodynamic complica-
tions of tracheal intubation, this trial used a composite out-
come. The component of the composite outcome that oc-

curred most commonly was the administration of new or
increased vasopressor therapy. Although receipt of vasopres-
sors during tracheal intubation of critically ill adults is inde-
pendently associated with the risk of death,4 this element of
the composite outcome may not be an important patient-
centered end point.

Fourth, this trial evaluated the initiation of a fluid bolus
prior to induction of anesthesia to prevent cardiovascular
collapse, and does not directly inform the use of a fluid bolus
to treat hypotension developing during tracheal intubation.
Fifth, the trial intervention was not blinded, which raises the
potential for bias in administration of co-interventions or out-
come ascertainment.

Conclusions
Among critically ill adults undergoing tracheal intubation, ad-
ministration of an intravenous fluid bolus compared with no
fluid bolus did not significantly decrease the incidence of car-
diovascular collapse.
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