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Background—Tracheal intubation is common in the care of critically ill adults and is frequently
complicated by hypotension, cardiac arrest, or death. We aimed to evaluate administration of an
intravenous fluid bolus to prevent cardiovascular collapse during intubation of critically ill adults.

Methods—We did a pragmatic, multicentre, unblinded, randomised trial in nine sites (eight ICUs
and one emergency department) around the USA. Ciritically ill adults (=18 years) undergoing
tracheal intubation were randomly assigned (1:1, block sizes of 2, 4, and 6, stratified by study site)
to either an intravenous infusion of 500 mL of crystalloid solution or no fluid bolus. The primary
outcome, assessed in the intention-to-treat population, was cardiovascular collapse, defined as a
new systolic blood pressure <65 mm Hg; new or increased vasopressor receipt between induction
and 2 min after tracheal intubation; or cardiac arrest or death within 1 h of tracheal intubation.
Adverse events were assessed in the as-treated population. This trial, which is now complete, is
registered with ClinicalTrials.gov, number NCT03026777.

Findings—Patients were enrolled from Feb 6, 2017, to Jan 9, 2018, when the data and safety
monitoring board stopped the trial on the basis of futility. By trial termination, 337 (63%) of 537
screened adults had been randomly assigned. Cardiovascular collapse occurred in 33 (20%) of 168
patients in the fluid bolus group compared with 31 (18%) of 169 patients in the no fluid bolus
group (absolute difference 1-3% [95% CI —7-1% to 9-7%]; p=0:76). The individual components
of the cardiovascular collapse composite outcome did not differ between groups (new systolic
blood pressure <65 mm Hg 11 [7%] in the bolus group vsten [6%] in the no-bolus group, new or
increased vasopressor 32 [19%] vs 31 [18%], cardiac arrest within 1 h seven [4%] vstwo [1%)],
death within 1 h of intubation two [1%] vsone [1%]). In-hospital mortality was not significantly
different in the fluid bolus group (48 [29%]) compared with no fluid bolus (59 [35%]).

Interpretation—Administration of an intravenous fluid bolus did not decrease the overall
incidence of cardiovascular collapse during tracheal intubation of critically ill adults compared
with no fluid bolus in this trial.

Introduction

Millions of critically ill adults undergo tracheal intubation each year.12 As many as one

in four critically ill adults undergoing tracheal intubation have cardiovascular collapse—
defined as shock, cardiac arrest, or death during or immediately following the procedure.3:4
Peri-intubation cardiovascular collapse is associated with a significant increase in the risk of
mortality.5:6

The administration of an intravenous fluid bolus beginning before induction of anaesthesia
has been proposed as a way to prevent cardiovascular collapse during tracheal intubation

in the intensive care unit (ICU).347-9 In one observational study,® implementation of a
ten-item pre-intubation checklist, which included pre-induction fluid bolus administration in
patients without cardiogenic pulmonary oedema, was associated with a decreased incidence
of cardiovascular collapse. No randomised trials have examined the effect of fluid bolus
administration on outcomes of tracheal intubation. In addition to the hypothesised beneficial
effects on peri-intubation haemodynamics, fluid bolus administration among critically ill
adults might incur immediatel%-11 and delayed risks.12-14 In clinical practice, approximately

Lancet Respir Med. Author manuscript; available in PMC 2022 February 17.


http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT03026777

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Janz et al.

Methods

Page 3

half of critically ill adults undergoing tracheal intubation receive fluid bolus administration
in North America and Europe.315.16

In this pragmatic, multicentre, randomised trial, we aimed to test the hypothesis that the
administration of an intravenous fluid bolus would reduce the incidence of cardiovascular
collapse compared with no fluid bolus.

Study design and participants

The Preventing cardiovascular collaPse with Administration of fluid REsuscitation before
tracheal intubation (PrePARE) trial was a pragmatic, multicentre, unblinded, randomised
trial comparing administration of a fluid bolus beginning before induction with no fluid
bolus administration during tracheal intubation of critically ill adults. At seven of the

nine study sites, co-enrolment could occur in an independent randomised trial comparing
prophylactic bag-mask ventilation (BMV) with no prophylactic ventilation during tracheal
intubation (PreVent Trial), the results of which have been previously reported.l’ Patients
enrolled in PrePARE and not co-enrolled in PreVent were excluded from PreVent on the
basis of the bedside clinician’s evaluation of the PreVent exclusion criteria. The protocol was
approved at all sites by either a local or central Institutional Review Board with a waiver of
informed consent. The statistical analysis plan was published online before completion of
enrolment, and the trial protocol has also been published at this site.

Eligible critically ill patients (aged 218 years) undergoing tracheal intubation in the nine
participating study sites were enrolled.

Study sites comprised six medical ICUs, one trauma ICU, one neurological ICU, and one
emergency department at tertiary-care medical centres across the USA (appendix p 9).
Patients were excluded if awake intubation was planned, if intubation was required too
immediately to permit randomisation, if treating clinicians felt administration of a fluid
bolus was required or contraindicated for the optimal care of the patient, or if patients were
prisoners or pregnant.

Randomisation and masking

Procedures

Patients were randomly assigned in a 1:1 ratio to fluid bolus or no fluid bolus administration
in permuted blocks of two, four, and six, stratified by study site. A study investigator (MWS)
generated the allocation sequence using Sealed Envelope randomisation after which group
assignment was concealed in opaque envelopes at each study site until after the decision had
been made by the treating team to enrol a patient in the trial. Owing to the nature of the
intervention, patients, clinicians, and study staff were aware of study group assignment after
randomisation.

For patients assigned to the fluid bolus group, the treating team initiated intravenous
administration of 500 mL of crystalloid solution before induction of anaesthesia.

Lancet Respir Med. Author manuscript; available in PMC 2022 February 17.
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The study protocol recommended the fluid bolus be placed above the level of the
intravenous access, infused by both gravity and bag pressure, and infused to completion
of 500 mL through induction and laryngoscopy (appendix p 3).

For patients randomly assigned to the no fluid bolus group, the study protocol recommended
against the administration of any new crystalloid solutions between enrolment and 2 min
after completion of tracheal intubation. Intravenous fluid administration initiated as a part of
clinical care before enrolment was continued in either study group.

With the exception of patients also enrolled in the PreVent trial of bag mask ventilation,7 all
aspects of the intubation procedure were at the discretion of the clinical team.

Periprocedural endpoints were collected by independent observers (ICU providers trained
in the definitions of each outcome) who were present in the patient’s room but did

not participate in the procedure. To confirm the accuracy of the data collected by the
independent observers, the primary investigators concurrently assessed the same endpoints
in a non-random convenience sample of study intubations.

The composite primary outcome of cardiovascular collapse consisted of the following
components: systolic blood pressure newly less than 65 mm Hg between induction and

2 min after tracheal intubation; new or increased vasopressor use between induction and 2
min after tracheal intubation; cardiac arrest within 1 h of tracheal intubation; or death within
1 h of tracheal intubation.3418 Secondary outcomes included each individual component

of the composite primary outcome; any additional fluids given to either group, started
between induction and 2 min after tracheal intubation; lowest systolic blood pressure
between induction and 2 min after tracheal intubation; change in systolic blood pressure
from induction to lowest systolic blood pressure; number of laryngoscopy attempts required
for intubation; number of ventilator-free days; number of ICU-free days; and in-hospital
mortality over a 28 day follow-up period. A full list of outcomes is provided in the appendix
(p 6). Safety outcomes were lowest oxygen saturation, highest fraction of inspired oxygen,
and highest positive end-expiratory pressure in the 24 h after intubation; cumulative diuretic
dose (in furosemide equivalents) on the day of enrolment and from enrolment to 3 days after
enrolment; and cumulative intravenous fluid administration from enrolment to 3 days after
enrolment.

Statistical analysis

On the basis of previous research,3 we anticipated a 15% incidence of cardiovascular
collapse in the fluid bolus group and 25% in the no fluid bolus group. To detect this relative
risk reduction of 40%, we planned to enrol a total of 500 patients to provide 80% statistical
power with a two-sided alpha level of 0-05. A single, planned interim analysis was done

by the Data and Safety Monitoring Board (DSMB) with complete data from the first 250
patients using prespecified stopping rules for efficacy, safety, and futility (appendix p 7).

The primary analysis was an unadjusted, intention-to-treat comparison of the proportions
of patients in each study group who had the primary outcome by means of a XZ test.
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Prespecified secondary analyses included evaluation for heterogeneity of treatment effect
by baseline co-variates, such as random assignment to BMV for patients co-enrolled in the
PreVent trial, by means of formal tests of interaction in a logistic regression model. The
complete prespecified statistical analysis plan is available in the appendix (p 5). Analyses
were done by means of IBM SPSS Statistics (version 23.0) or Stata (version 15.1). This trial
is registered with ClinicalTrials.gov, number NCT03026777.

Role of the funding source

Results

The funders had no role in conception, design, or conduct of the study; collection,
management, analysis, interpretation, or presentation of the data; or preparation, review,

or approval of the manuscript. DRJ, JDC, MWS, and TWR had access to the raw data; the
corresponding author had full access to all of the data and the final responsibility to submit
for publication.

Eligible patients were enrolled from Feb 6, 2017, through to Jan 9, 2018, when the DSMB
stopped the trial on the basis of prespecified futility stopping criteria at the single, planned
interim analysis of complete data from the first 250 patients enrolled. Details of the interim
stopping analyses can be found in the appendix (p 7).

Of 537 critically ill adults intubated at the nine sites between beginning enrolment and
notification of trial termination by the DSMB, 511 met the inclusion criteria and 337 (63%)
were enrolled and randomly assigned to either the fluid bolus group (n=168) or the no fluid
bolus group (n=169; figure 1; Table 1; appendix p 11).

Post-randomisation procedural characteristics did not differ between groups, including in
choice or dose of sedative and neuromuscular blocking procedural medications (appendix p
12).

Among 168 patients assigned to the fluid bolus group, 165 patients (98%) received the

full 500 mL fluid bolus and three patients (2%) did not receive a fluid bolus. Among

169 patients assigned to the no fluid bolus group, two patients (1%) received a fluid

bolus and 167 patients (99%) did not receive a fluid bolus (figure 1). To assess for the
separation between study groups regarding the volume of fluid delivered before induction
of anaesthesia, we used a convenience sample of 38 patients (11%) in which the volume

of fluid infused before induction was directly observed by a study investigator. The median
volume of crystalloid infused before induction was 200 mL (IQR 200-325; mean 262 mL,
SD [119]) in the fluid bolus group and 0 mL (IQR 0-0, p<0-0001) in the no fluid bolus
group. In the same convenience sample, the primary outcome was also observed by a study
investigator. Agreement regarding a systolic blood pressure of less than 65 mm Hg, need for
new or increased vasopressors, or cardiac arrest or death within 1 h of intubation was 100%
between the independent observer and the study investigator.
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The primary outcome of cardiovascular collapse occurred in 33 (20%) of 168 patients in
the fluid bolus group compared with 31 (18%) of 169 patients in the no fluid bolus group
(absolute difference 1-3% [95% CI -7-1 to 9:7], p=0-76; figure 2).

The incidence of each component of the composite outcome did not differ significantly
between groups (table 2). Results were similar in prespecified analyses adjusting for age,
severity of illness, receipt of vasopressors before enrolment, and lowest systolic blood
pressure before enrolment (appendix p 13). In a prespecified, per-protocol analysis of the
332 patients who received the intervention to which they were assigned, the incidence of
cardiovascular collapse did not differ between groups (appendix p 17).

Administration of a fluid bolus did not significantly affect any of the prespecified secondary
outcomes (table 2; appendix p 14) or safety outcomes (table 3). In the overall study
population regardless of randomisation assignment, occurrence of cardiovascular collapse
was significantly associated with decreased ICU-free days, ventilator-free days, and survival
(table 4).

Analyses of heterogeneity of treatment effect are presented in figure 3 and the

appendix p 16. The use of non-invasive positive pressure ventilation for pre-oxygenation
(Pinteraction=0-032) and BMV between induction and laryngoscopy (Pinteraction=0-0080)
significantly modified the effect of fluid bolus administration on cardiovascular collapse.
For patients receiving positive pressure ventilation, either by non-invasive ventilation before
induction or BMV after induction, fluid bolus administration appeared to decrease the
incidence of cardiovascular collapse compared with no fluid bolus (figure 3). For patients
not receiving positive pressure ventilation, administration of a fluid bolus appeared to
increase the incidence of cardiovascular collapse.

Among the 201 patients co-enrolled in a randomised trial comparing prophylactic
BMV between induction and laryngoscopy with no ventilation, fewer patients randomly
assigned to BMV appeared to have cardiovascular collapse when also randomised to
fluid bolus administration, whereas patients randomly assigned to no BMV appeared to
have cardiovascular collapse when randomly assigned to no fluid bolus administration
(Pinteraction=0-011; figure 3).

Discussion

During tracheal intubation of critically ill adults, the risk of cardiovascular collapse might be
increased owing to hypovolaemia, impaired systemic vascular resistance, receipt of sedative
medications, and reduced venous return from positive pressure ventilation—all of which

are potentially amenable to prevention by administration of an intravenous fluid bolus.19-24
Our multicentre randomised trial, however, found that administration of a fluid bolus did

not affect the overall incidence of cardiovascular collapse during intubation of critically ill
adults, compared with no fluid bolus administration.

There are several potential explanations for these findings. First, the recommended and
commonly used”-16 volume of 500 mL of crystalloid might have been inadequate to
influence patient haemodynamics during intubation. Second, the timing of fluid bolus

Lancet Respir Med. Author manuscript; available in PMC 2022 February 17.
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administration beginning before induction and infusing through induction and laryngoscopy
might have produced different results than if the full bolus had been administered before
induction. Third, administration of a fluid bolus might simply not improve haemodynamics
for all patients undergoing intubation in the ICU. Published data suggest that in the days
after ICU admission most patients do not show an increase in cardiac output in response to
administration of a fluid bolus.2>

Fourth, administration of a fluid bolus might have had differential effects for patients with
different peri-intubation physiology. Specifically, we found that among patients receiving
positive pressure ventilation before induction, either via non-invasive ventilation for pre-
oxygenation or bag-mask ventilation between induction and laryngoscopy, administration of
a fluid bolus appeared to decrease the risk of cardiovascular collapse. By contrast, among
patients not receiving positive pressure ventilation, including those receiving oxygenation
with a high-flow nasal cannula, administration of a fluid bolus appeared to increase the risk
of cardiovascular collapse.

Fluid bolus administration might attenuate the decrease in venous return associated with pre-
intubation positive pressure ventilation among patients receiving non-invasive ventilation for
pre-oxygenation or BMV between induction and laryngoscopy. The only previous study?

to evaluate fluid bolus administration during intubation in the ICU was a before-and-after
study of a ten-item pre-intubation checklist, in which cardiovascular collapse occurred less
often in the intervention group. In this study, all patients in the intervention group received
both non-invasive positive pressure ventilation for pre-oxygenation and a fluid bolus. These
findings are consistent with the effect of fluid bolus administration on cardiovascular
collapse observed among the subgroup of patients receiving pre-intubation positive pressure
ventilation in our trial.

For patients in our trial not receiving positive pressure ventilation, fluid bolus administration
appeared to increase the risk of cardiovascular collapse. Several studies have reported a
decrease in blood pressure and cardiac output with fluid bolus administration, especially
with rapid infusion of the bolus10:26.27 a5 was used in the current trial and during

general anesthesia.1l Potential mechanisms by which fluid bolus administration might
cause cardiovascular collapse include dilution of endogenous catecholamines, 26 stimulation
of atrial natriuretic peptide release, and damage to the glycocalyx.1:27 Alternatively,

the absence of positive pressure ventilation might cause de-recruitment of the lung and
hypoxaemia, which is associated with increased pulmonary vascular resistance.28-30 Fluid
bolus administration during this time of increased pulmonary vascular resistance might
cause transient pressure overload of the right ventricle and decrease in cardiac output.3! Poor
outcomes in hypoxaemic patients receiving fluid boluses have previously been described.32

The current trial has several strengths. The multicentre, randomised design and pragmatic
nature of the intervention improve generalisability. Protocol compliance was high, with
only five patients (1%) receiving the non-assigned therapy. The composite outcome of
cardiovascular collapse has been used in other studies of intubation®18 and was strongly
associated with patient-centred outcomes in the current study.

Lancet Respir Med. Author manuscript; available in PMC 2022 February 17.
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The current trial also has limitations. Absence of blinding could have influenced the non-
protocolised use of vasopressors or differences in co-interventions; however, we found

no significant differences between groups regarding laryngoscope selection, medication
selection or doses, or operator experience. The incidence of the primary outcome was

lower than previous studies, possibly owing to 17% of patients screened being excluded

for a physician-established volume status precluding random assignment, which limits the
power of this trial to make inferences about the absence of an effect of a fluid bolus on

the incidence of cardiovascular collapse. The trial was stopped early by the DSMB at the
planned interim analysis for futility of the intervention among all enrolled patients. This
lower-than-planned sample size limits power to exclude an effect of a fluid bolus in patient
subgroups with non-significant interactions. The possibility of positive-pressure ventilation
modifying the effect of a fluid bolus on cardiovascular collapse should be considered
hypothesis-generating as this subgroup analysis could also be a result of type | error. This
multicentre trial was done in eight ICUs and one emergency department with varied patient
populations. Although this heterogeneity might increase the external validity of the results, it
might also limit the ability to discern the effect of a fluid bolus on cardiovascular collapse in
a more homogenous critically ill population. The volume of intravenous fluids that patients
received before enrolment was not recorded, therefore it is unknown if this covariate was
balanced between groups. Finally, the only protocol requirement was to begin the fluid bolus
at any time before the administration of procedural medications, a practice described in

past observational studies.315:16 |t is not known whether the results of the trial would have
differed if the trial had required the entire volume of the fluid bolus to be infused before
induction.

Our findings do not support routine administration of a fluid bolus before induction among
patients not receiving positive pressure ventilation. Given the beneficial effects of BMV
during intubation seen in the PreVent trial,1” future research should examine the hypothesis-
generating effect modification seen in the current trial regarding whether fluid bolus
administration prevents cardiovascular collapse among patients receiving pre-intubation
positive pressure ventilation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

Tracheal intubation is common in the care of critically ill patients. As many

as 25% of critically ill adults have cardiovascular collapse during the intubation
procedure. Cardiovascular collapse during intubation is attributed to three potential
mechanisms, all of which might respond to increasing preload via intravenous fluid
administration: hypotension associated with common induction medications, increased
venous capacitance from decreased circulating catecholamines, and decreased venous
return secondary to positive pressure applied to the thoracic cavity. Administration of an
intravenous fluid bolus to prevent cardiovascular collapse has been studied indirectly in
one observational study of a pre-intubation checklist, which included both pre-induction
fluid bolus and positive pressure ventilation. Use of the checklist was associated with

an 11% absolute reduction in the incidence of cardiovascular collapse. The PrePARE
trial, the results of which are reported here, was a pragmatic, multicentre, unblinded,
randomised, controlled trial in nine sites across the USA in which critically ill adults
undergoing tracheal intubation were randomly assigned 1:1 to an intravenous infusion of
500 mL of crystalloid solution beginning before induction versus no fluid bolus. Trial
design began with a search of PubMed and ClinicalTrials.gov from inception to Nov 14,
2016. This search was repeated before the interim analysis done by the Data Safety and
Monitoring Board. Evidence from the PreVent trial was not published prior to the start of
the PrePARE trial. PreVent and PrePARE started simultaneously and PrePARE finished
prior to PreVent finishing.

Added value of this study

The PrePARE trial is, to our knowledge, the only randomised trial examining the

effect of intravenous fluid bolus administration to prevent cardiovascular collapse
among critically ill adults undergoing tracheal intubation. Fluid bolus administration
did not decrease the overall incidence of cardiovascular collapse compared with no
fluid bolus administration. Positive pressure ventilation modified the effect of fluid
bolus administration on cardiovascular collapse. Fluid bolus administration appeared

to decrease the risk of cardiovascular collapse among patients receiving pre-intubation
positive pressure ventilation and appeared to increase the risk of cardiovascular collapse
among patients not receiving pre-intubation positive pressure ventilation.

Implications of all the available evidence

Among all critically ill adults undergoing tracheal intubation, the existing evidence

does not support administration of a fluid bolus beginning before induction to prevent
the common complication of cardiovascular collapse. The results of the PrePARE

and PreVent trials together suggest that an intubation strategy involving fluid bolus
administration without pre-intubation positive pressure ventilation should not be routine
care. Whether fluid bolus administration prevents cardiovascular collapse among patients
who receive positive pressure ventilation before intubation should be the focus of future
research.
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537 patients assessed for eligibility

—b

26 excluded (did not meet inclusion criteria)

26 incomplete screening

A

511 met inclusion criteria

86 met exclusion criteria

174 excluded (did not meet inclusion criteria)

71 required intubation too urgently to obtain

envelope

29 required intubation for cardiac arrest
42 required intubation for respiratory arrest

4 age <18 years old

2 prisoners

g awake intubation
88 eligible but not enrolled

55 fluid bolus thought by clinician to be
contraindicated (clinician-determined volume

overload)

33 fluid bolus thought by clinician to be indicated
(clinician-determined hypovolaemic shock)

v

337 randomised

.

168 assigned to fluid bolus
165 received a fluid bolus

v

169 assigned to no fluid bolus
167 did not received a fluid
bolus

3 did not receive a fluid

bolus owing to urgency  |----

of procedure

2 received a fluid bolus
—»{ owing to haemodynamic
decompensation

A

0 lost to follow-up

.

168 included in primary
intention-to-treat analysis

165 included in secondary
per-protocol analysis

Y

0 lost to follow-up

-

169 included in primary
intention-to-treat analysis

167 included in secondary
per-protocol analysis

Figure 1:
Trial profile
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p=0-76
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[T Cardiac arrest within 1 h
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Figure 2: Cardiovascular collapsein the fluid bolusvs no fluid bolus groups
Horizontal bars represent the overall incidence of the primary outcome in each group. The

p value represents the test for a difference between groups in the overall incidence of the
primary outcome. Number (%) of patients is given above each bar. SBP=systolic blood

pressure.
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p value
for interaction

Number of individuals Number of events Relative risk (95% Cl)
Fluid bolus ~ No fluid bolus Fluid bolus  No fluid bolus
Septic shock 39 33 13(33%) 12 (36%) N 0-91 (0-48-1.72)
Mo septic shock 129 136 20 (16%) 19 (14%) —_— 110 (0-62-1.98)
On vasopressors 28 28 11 (39%) 12 (43%) —e— 0-91 (0-48-1.71)
Noton vasopressors 140 141 22 (16%) 19 (14%) —to— 116 (0-66-2.05)
NIV preox 39 30 8(21%) 12 (40%) — e 0-51 (0-24-1-09)
No NIV preox 129 139 25(19%) 19 (14%) —_—— 1-41 (0-82-2-44)
BMV 81 84 13(16%) 22 (26%) — e 0-61(0-33-113)
No BMV 87 85 20 (23%) 9 (11%) e 2:17 (1-04-4-49)
PreVent BMV 48 55 6 (12%) 14 (26%) . S 0-49 (0-20-1-16)
PreVent no BMV 52 46 17 (32%) 7 (15%) e 2:14 (0-97-4-71)
Overall 168 169 33(20%)  31(18%) —— 1.07 (0-68-1-66)
I | LB I e
0 1.0 10
+— —>
Favours fluid Favours no
bolus fluid bolus
Relative risk of cardiovascular collapse
with fluid bolus (95% CI)

Figure 3: Risk of cardiovascular collapse by subgroup for patientsreceiving fluid bolus
administration vs no fluid bolus administration

On vasopressors refers to patients who were receiving vasopressor infusions any time

in the 6 h before enrolment. NIV preox=non-invasive positive pressure ventilation

for pre-oxygenation. BMV=bag-mask ventilation to ventilate or oxygenate the patient
during the tracheal intubation procedure in all patients enrolled in the trial. PreVent
BMV=randomisation assignments in the 201 patients who were co-enrolled in a separate
randomised trial of prophylactic vsno prophylactic bag-mask ventilation.
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Baseline characteristics

Table 1:

Fluid bolus (n=168)

No fluid bolus (n=169)

Age, years 61 (47-70) 58 (46-68)
Sex
Female 81 (48%) 73 (43%)
Male 87 (52%) 96 (57%)
White 115 (68%) 121 (72%)
Acute physiology and chronic health evaluation Il score 21 (14-27) 20 (16-27)
Body-mass index, kg/m?2 27 (23-32) 26 (22-32)
Active diagnoses since intensive care unit admission
Septic shock 39 (23%) 33 (20%)
Cardiogenic shock 4 (2%) 4 (2%)
Haemorrhagic shock 4 (2%) 4 (2%)
Pneumonia 66 (39%) 64 (38%)
Altered mental status 69 (41%) 72 (43%)
Gastrointestinal blood loss 21 (12%) 26 (15%)
Acute renal failure 62 (37%) 62 (37%)
Status epilepticus 7 (4%) 5 (3%)
Stroke 10 (6%) 10 (6%)
Acute coronary syndrome 10 (6%) 10 (6%)
Chronic obstructive pulmonary disease exacerbation 7 (4%) 4 (2%)
Indication for intubation
Hypoxic respiratory failure 85 (51%) 69 (41%)
Altered mental status 47 (28%) 52 (31%)
Facilitate another procedure 16 (10%) 25 (15%)
Hypercarbic respiratory failure 16 (10%) 15 (9%)
Impending airway collapse 4 (2%) 7 (4%)
Status epilepticus 3 (2%) 1(1%)
Haemodynamic instability 4 (2%) 2 (1%)
Vasopressor receipt in 6 h before intubation 28 (17%) 28 (17%)

Baseline left ventricular ejection fraction (n=224)

55% (55-60)

55% (55-60)

Non-invasive ventilation receipt in 6 h before intubation

44 (26%)

37 (22%)

Lowest systolic blood pressure in 6 h before intubation, mm Hg

103 (91-124)

104 (89-125)

Data given as median (IQR) or number (%) of patients.
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