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Abstract

Objective: To describe the effects of
different induction agents on the inci-
dence of post-induction hypotension
(PIH) and its associated interventions
during rapid sequence intubation
(RSI) in the ED.
Methods: A single centre retrospec-
tive study of patients intubated
between 2018 and 2021 was con-
ducted in a regional Australian
ED. The impact of induction agent
choice, in addition to demographic
and clinical factors on the incidence of
PIH were determined using descriptive
statistics and a multivariate analysis
presented as adjusted odds ratios
(aORs) and their 95% confidence
intervals (CIs).
Results: Ketamine and propofol,
used either individually or in con-
junction with fentanyl, were signifi-
cantly associated with PIH (ketamine
aOR 4.5, 95% CI 1.35–14.96; prop-
ofol aOR 4.88, 95% CI 1.46–
16.29). Age >60 years was associ-
ated with a greater requirement for
vasopressors (aOR 4.46, 95% CI
2.49–7.97) and a higher risk of mor-
tality after RSI (aOR 4.2, 95% CI

1.87–9.40). Patients with a shock
index >1.0 were significantly more
likely to require vasopressors (aOR
5.13, 95% CI 2.35–11.2) and have a
cardiac arrest within 15 min of RSI
(aOR 3.56, 95% CI 1.07–11.8).
Conclusions: Exposure to both
propofol and ketamine is significantly
associated with PIH after RSI, along-
side age and shock index. PIH is
likely multifactorial in nature, and
this data supports the sympatholytic
effect of induction agents as the
underlying cause of PIH rather than
the choice of agent itself. Further pro-
spective work including a randomised
controlled trial between induction
agents is justified to further clarify
this important clinical question.
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Introduction
Airway management is often under-
taken when caring for acutely un-
well people in the ED1 and is usually

facilitated using rapid sequence intu-
bation (RSI).2 RSI is a high-risk proce-
dure with a range of potential
complications. The most clinically
relevant of these are post-induction
hypotension (PIH), oxygen de-
saturation, unsuccessful or oeso-
phageal intubation, trauma and
death.3,4 PIH is one of the most
modifiable complications of RSI.
There are numerous risk factors for
PIH including increasing age, sep-
sis, hypovolaemia and cardiac com-
orbidities.5,6 PIH is associated with
higher in-hospital morbidity and
mortality, increased intensive care
utilisation and a longer hospital
length of stay.7

Medication choice is thought to
contribute to the development of PIH,
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Key findings
• Exposure to either ketamine

or propofol, irrespective of
dosing, as well as increasing
age and shock index was
associated with post-induction
hypotension.

• This data does not support
the specific induction agent
choice as having a significant
impact on post-induction
hypotension.

• A randomised trial between
ketamine and propofol as
induction agents for rapid
sequence intubation is needed
to further explore the associa-
tion between induction agent
choice and post-induction
hypotension.
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despite limited evidence supporting
this hypothesis.5 Medications used for
induction vary between countries
based on availability and evidence;
however, in Australia the most com-
mon agents used are ketamine and
propofol, with fentanyl used as a
co-induction drug.4,8 Ketamine is
becoming a popular choice due to
reports of lower rates of resultant PIH
compared to other agents, despite
sparse supporting evidence.9 The liter-
ature directly comparing rates of PIH
with different induction agents is
limited.9–12 The studies that exist
have been undertaken predominantly
in metropolitan centres focussing
on patients experiencing traumatic
injuries, or has been undertaken in
non-ED settings,6,7,13 which may not
be representative of all patients being
intubated in Australasian EDs.
This study aimed to compare the

incidence and severity of PIH across
different induction agents used dur-
ing RSI in a regional Australian ED,
as well as clarifying the influence of
other risk factors on the likelihood
of a patient developing PIH
during RSI.

Methods
We performed a retrospective cohort
study using standardised chart review
of patients who underwent RSI in the
Grampians Health Ballarat ED
between January 2018 and December
2021 inclusive. This project was
approved by the Grampians Health
and St John of God Human Research
Ethics Committee (LNR/86483/
BHSSJOG-2022-328486).
The Grampians Health Ballarat

ED cared for 50 920 patients during
the 2021 calendar year, of which
1% were Australasian Triage Scale
(ATS) category 1, 23% were ATS
category 2, 48% were ATS category 3,
25% were ATS category 4 and 2%
were ATS category 5 presentations.
Approximately 25% of presenta-
tions during the study period were
of patients aged less than 18 years
of age.
An initial review of hospital wide

coding data identified 3761 episodes
of care where ventilatory support
was utilised during the study period.
The research team undertook a

manual review of these records and
removed those involving only non-
invasive ventilation, those where the
patient was intubated prior to arrival
in the ED, and those who were
intubated later in their admission.
Medical records at Grampians

Health Ballarat are paper-based.
Once the patient’s episode of care has
concluded these forms are scanned
into an electronic system where they
can be viewed but not edited. Data
were extracted from these medical
records by the research team using a
standardised data-extraction template
and data dictionary. Information col-
lected included the triage presenting
complaint, indication for RSI, induc-
tion agent choice (ketamine, prop-
ofol, fentanyl, other) and
dosage (mg), muscle relaxant used
(rocuronium, suxamethonium, other)
and dose (mg), experience level of the
intubator (resident, registrar or con-
sultant), specialty background of the
intubator (ED, ICU or anaesthesia),
vital signs (blood pressure, heart rate,
oxygen saturations) immediately
prior to RSI and every five min for
three recordings following RSI, proce-
dural success (sustained detection of
end tidal CO2 via the endotracheal
tube), fluid bolus, vasopressor usage,
cardiac arrest within 15 min of the
procedure and patient mortality dur-
ing their admission.
Training was provided to investiga-

tors and supervised initial data collec-
tion by the lead author occurred
before independent data collection.
Ten percent of cases were checked by
the lead author to ensure accuracy
and consensus between authors.

Inclusion criteria

The study included patients aged
18 years and older who underwent
RSI in the ED during the study
period who had a medical record
available for review including details
of the procedure, medications pro-
vided and vital signs.

Exclusion criteria

The study excluded patients who
were intubated before arriving in ED
by paramedics, those who were
intubated without medications and

those who were in cardiac arrest at
the time of intubation.

Outcomes

The primary outcome was a compos-
ite definition of PIH, defined as any
of the following within 15 min of
intubation:
1. A systolic blood pressure (SBP)

<100 mmHg, or
2. A mean arterial pressure of less

than 70 mmHg, or
3. Reduction in mean arterial pres-

sure of more than 20%.
There is limited evidence currently

regarding the best outcomes to mea-
sure in ED intubation studies to
detect potential patient harm. Anaes-
thetic literature examining this ques-
tion has provided a consensus that
the blood pressure cut-offs outlined
above are the most inclusive in
detecting patient harm and are there-
fore the most appropriate to use in
further studies.13,14 Until ED specific
literature becomes available, the
research team have chosen to utilise
these consensus-based outcome
measures.
The secondary outcomes for the

present study included the percent-
age reduction of SBP within 15 min
of RSI, fluid bolus requirement
within 15 min of RSI, vasopressor
requirement within the first 15 min
of RSI, cardiac arrest within 15 min
of RSI, procedural success, and
patient mortality during the
admission.

Statistical analysis

As prior estimates of effect size
were not available, a convenience
sample of 4 years worth of data
was used and point estimates of the
outcomes along with 95% confi-
dence intervals (CIs) are reported.
The analysis was performed in
Stata 17 (StataCorp, College Station,
TX, USA).
For the primary outcome, a

descriptive statistics and multivari-
ate logistic regression analysis was
conducted. After reviewing the uni-
variate associations between each
factor (age as a continuous variable,
age >60 years, ketamine exposure,
propofol exposure, fentanyl exposure,
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muscle relaxant [suxamethonium vs
rocuronium], multiple intubation
attempts, shock index as a continu-
ous variable, shock index >1.0, SBP
prior to induction, mean arterial pres-
sure prior to induction, heart rate
prior to induction, indication for
intubation class) and PIH, a purpose-
ful selection approach was under-
taken to construct the most
parsimonious model with the maxi-
mum possible explanatory power.
Selection for subsequent inclusion
required a clinically realistic link
between the exposure and hypoten-
sion, in addition to a P-value less
than 0.2 in the multivariate model.
Investigation of alternative classifica-
tion schemes for continuous variables
with a large scale (age, shock index,
oxygen saturations prior to induc-
tion) was conducted before model
optimisation. Indications for intuba-
tion were observed to be widely vari-
able and were classified by the
investigators before model construc-
tion began to ensure that patients
with similar pathological disturbances
were classed together, acknowledging
that multiple pathologies could exist
in the same patients. For the final
model, variables were thought to be
associated with the primary outcome
if the P-value associated with the vari-
able was less than 0.05. To under-
stand the utility of these predictive
variables for the secondary outcomes,
the existing variables from the final
multivariate model of the primary
outcome were used to construct multi-
variate models for each secondary
outcome in turn.
Further details regarding the crea-

tion of the model can be found in
Supporting Information.

Results
There were 3761 unique patients
reported as requiring ventilatory
support during their hospital stay
throughout the study period. These
records were reviewed and filtered
based on their fulfilment of the inclu-
sion criteria summarised in Figure 1.
Of those assessed for eligibility,
266 met the criteria for inclusion in
the present study. One hundred and
sixty male patients were included with
the remaining 106 listed as female.

The patients were triaged as category 1
(n = 132, 49.6%), category 2
(n = 103, 38.7%), category 3 (n = 29,
10.9%) and category 4 (n = 2, 0.8%).
The presentation variables and

haemodynamics of patients are
presented in Table S1. For the pri-
mary outcome, 63 (54%) of
117 patients exposed to ketamine
alone became hypotensive, whereas
69 (52%) of 132 patients exposed
to propofol alone became hypoten-
sive, 7 (58%) of 12 patients exposed
to both ketamine and propofol
became hypotensive and 0 (0%) of
5 patients exposed to thiopentone
became hypotensive.

The majority (87%) were
intubated by emergency medicine
specialists, with intensive care and
anaesthetic doctors involved in the
minority of cases (13%). Experience
levels of the proceduralists varied,
with 54% being consultants, 41%
being registrars and the remaining
not able to be identified accurately.
First pass success for all patients was
90%. The indications for intubation
are summarised in Figure 2, and the
primary patient presenting concern
in Figure S1.
A total of 35% of inductions

required vasopressors within 15 min
due to haemodynamic instability.

Figure 2. Indication for intubation. More than one indications for intubation can be
selected for each patient to account for the complexity of some clinical scenarios.

Figure 1. CONSORT diagram of the patient search and inclusion.

© 2023 Australasian College for Emergency Medicine.
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Hospital mortality during the index
admission was 14%. Full details of
the haemodynamic changes and sec-
ondary outcomes are contained in
Table 1.
Univariate associations between

potentially predictive variables and
the primary outcome were assessed
using logistic regression. Odds ratios
(ORs) and CIs are displayed in
Table S2.
Multivariate logistic regression

using purposeful selection was then

conducted. The final model was sig-
nificant (χ2 = 32.64, P < 0.0001)
(Table 2), and revealed independent
associations between both propofol
(adjusted OR [aOR] 4.88, 95% CI
1.46–16.29, P < 0.01) and ketamine
exposure (aOR 4.5, 95% CI 1.35–
14.96, P = 0.014) and PIH. Fentanyl
exposure was not associated with
PIH (aOR 1.51, 95% CI 0.87–2.63,
P = 0.14). Age >60 years was associ-
ated with PIH (aOR 2.9, 95% CI
1.69–5.02, P < 0.001) as was a shock

index >1.0 (aOR 3.05, 95% CI 1.4–
6.64, P = 0.005). Indication for intu-
bation was not included in the final
model as there was no association
between any individual category and
the primary outcome. Choice of mus-
cle relaxant was not significantly
associated with the risk of PIH
(P-value for suxamethonium as
opposed to rocuronium = 0.44). The
area under the receiver operating
characteristic curve for the final
model was 68%.

TABLE 1. Haemodynamic changes and outcomes of intubation attempts

Ketamine
induction

Propofol
induction

Both
agents
used Thiopentone

Overall
n = 266

n = 117
(44%)

n = 132
(50%)

n = 12
(5%)

n = 5
(2%)

Haemodynamics of patients prior to and 5-, 10- and 15-min post induction

Heart rate prior to induction (mean) 98 102 93 115 99

Systolic blood pressure (SBP) prior to induction
(mean)

135 127 141 144 141

Oxygen saturations prior to induction (mean) 97 97 98 96 99

Heart rate 5 min post induction (mean) 102 105 97 121 117

SBP 5 min post induction (mean) 127 125 127 127 154

Oxygen saturations 5 min post induction (mean) 98 98 98 97 98

Heart rate 10 min post induction (mean) 101 105 96 113 113

SBP 10 min post induction (mean) 124 120 126 124 158

Oxygen saturations 10 min post induction (mean) 99 98 99 98 99

Heart rate 15 min post induction (mean) 98 102 93 111 109

SBP 15 min post induction (mean) 123 119 126 117 164

Oxygen saturations 15 min post induction (mean) 99 99 99 98 99

Progress and outcomes of the intubation

Procedural success (defined as sustained end tidal
CO2 trace) (n, %)

266 (100) 117 (100) 132 (100) 12 (100) 5 (100)

First pass success (n, %) 240 (90) 105 (90) 119 (90) 11 (92) 5 (100)

Requirement for a fluid bolus 45 (17) 21 (18) 21 (16) 3 (25) 0

Requirement for vasopressor medications (n, %)

Overall 93 (35) 46 (39) 42 (32) 4 (33) 1 (20)

Adrenaline 11 (4) 6 (5) 5 (4) 0 0

Noradrenaline 5 (2) 3 (3) 2 (2) 0 0

Metaraminol 55 (21) 18 (15) 33 (25) 3 (25) 1 (20)

Multiple agents 22 (8) 19 (16) 2 (2) 1 (8) 0

Cardiac arrest (n, %) 13 (5) 8 (7) 5 (4) 0 0

ED and in-hospital mortality (n, %) 37 (14) 24 (20) 13 (10) 0 0

© 2023 Australasian College for Emergency Medicine.
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The secondary outcomes were
examined using multiple logistic
regression. None of the included var-
iables (Table 3) were significantly
associated with increased odds of

administration of a fluid bolus in the
first 15 min after induction. Age
>60 years (OR 4.46, 95% CI 2.49–
7.97, P < 0.001) and a shock index
>1.0 (OR 5.13, 95% CI 2.35–11.2,

P < 0.001) were significantly associ-
ated with the requirement for vaso-
pressors within 15 min following
induction. A shock index of >1.0
was positively associated with those
experiencing cardiac arrest in the
15 min following induction
(OR 3.56, 95% CI 1.07–11.8,
P = 0.038) although the overall rates
of cardiac arrest in the study popula-
tion were low with only 13 (5%)
total events. Age 60 years or
greater was associated with an
increased rate of in-hospital mor-
tality (OR 4.2, 95% CI 1.87–9.40,
P = 0.001). The absolute dose of
ketamine (P < 0.46), propofol
(P < 0.911) and fentanyl
(P < 0.235) were not significantly
predictive of the percentage reduc-
tion in SBP.

Discussion
The present study is the first to
examine factors associated with PIH
in a regional mixed ED. Our study is
significant in that it found that both
ketamine and propofol were signifi-
cantly associated with PIH, but there
was no clinically significant differ-
ence between these agents regarding
the rates of PIH. This aligns with
previous literature that suggests that
participant factors such as age, base-
line mean arterial pressure and shock
index, rather than the induction
agent used, are the most important
predictors of PIH in emergency
intubation.15,16

Our study is the first to simulta-
neously examine the association
between ketamine and propofol
and the risk of PIH in an ED, and
is consistent with the idea that
exposure to either agent poses a
significant risk of developing PIH.
The similarity of both the strength
of the association and the size of
the effect between the induction
agents suggests that the induction
of anaesthesia with associated sym-
patholysis, reduction in systemic
vascular resistance, and decreased
plasma catecholamine concentra-
tions are the driving force behind
PIH rather than the pharmacody-
namics of the specific agents cho-
sen.10,11,17–19 Previous literature
has found no association between

TABLE 2. Final multivariate logistic regression model details for hypotension
within 15 min post induction

Exposure variable aOR 95% confidence interval Z P-value

Age >60 years 2.9 1.69–5.02 3.85 <0.001

Ketamine exposure 4.5 1.35–14.96 2.45 0.014

Propofol exposure 4.88 1.46–16.29 2.58 0.01

Fentanyl exposure 1.51 0.87–2.63 1.48 0.14

Shock index >1.0 3.05 1.4–6.64 2.81 0.005

TABLE 3. Multivariate logistic regression model details for all secondary
outcomes

Exposure variable aOR
95% confidence

interval Z P-value

Administration of a fluid bolus within 15 min post induction

Age >60 years 1.36 0.69–2.69 0.88 0.378

Ketamine exposure 1.94 0.55–6.9 1.03 0.305

Propofol exposure 2.27 0.61–7.7 1.19 0.234

Fentanyl exposure 0.58 0.28–1.22 �1.43 0.15

Shock index >1.0 2.15 0.97–4.8 1.87 0.061

Administration of vasopressors within 15 min post induction

Age >60 years 4.46 2.49–7.97 5.05 <0.001

Ketamine exposure 1.23 0.64–7.01 1.23 0.217

Propofol exposure 1.86 0.56–6.12 1.02 0.308

Fentanyl exposure 1.65 0.91–3.00 1.65 0.1

Shock index >1.0 5.13 2.35–11.2 4.12 <0.001

Cardiac arrest within 15 min post induction

Age >60 years 1.75 0.55–5.6 0.94 0.346

Ketamine exposure 0.79 0.047–12.9 �0.17 0.866

Propofol exposure 0.53 0.03–8.6 �0.46 0.652

Fentanyl exposure 1.02 0.3–3.43 2.08 0.971

Shock index >1.0 3.56 1.07–11.8 4.12 0.038

In-hospital mortality

Age >60 years 4.2 1.87–9.40 3.49 0.001

Ketamine exposure 1.13 0.17–7.55 0.13 0.895

Propofol exposure 0.62 0.09–4.05 �0.5 0.615

Fentanyl exposure 1.47 0.67–3.24 0.96 0.338

Shock index >1.0 1.67 0.66–4.29 1.1 0.27

© 2023 Australasian College for Emergency Medicine.
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higher and lower dosing of keta-
mine or propofol in PIH,20,21

which was also observed in the pre-
sent study. The present study adds
to existing evidence that ketamine
does not guarantee that a patient
will avoid hypotension when
shocked at the time of
intubation.5,22

Our study found that the use of
vasopressors within the acute period
post induction was associated with
an age >60 years and with a shock
index >1.0, which is consistent with
previous literature.6,23 Anticipation
of PIH in shocked patients and esta-
blishing intubation protocols that
prepare clinicians for the increased
likelihood of vasopressor require-
ments based on patient age and
shock index could be incorporated
into ED intubation guidelines to
ensure patient safety is maintained
as haemodynamic instability in the
immediate post-intubation period is
associated with higher in-hospital
and 90-day mortality.24 Cardiac
arrest was also identified in our
study to occur more frequently in
those patients with a shock index
>1.0 before intubation. Optimisa-
tion of all patients’ haemodynamic
status prior to intubation through
the use of intravenous fluid boluses
and/or vasopressor medications may
reduce the risk of cardiac arrest.25

Mortality following RSI in our
study was found to be associated
with an age >60 years or a shock
index >1.0, which is consistent with
current literature.23,26

The consistent association of
shock index and older age with
the risk of PIH, need for vasopres-
sor administration, cardiac arrest
and mortality suggests these are
important factors in explaining
physiological deterioration after
intubation, and this data rein-
forces the idea that pre-procedural
optimisation is key to improving
outcomes.27,28 These outcomes may
be determined by many factors that
may not have been measured in the
present study, such as a limited phys-
iological ability to respond to acute
stress, poor baseline cardiovascular
function and underlying degenerative
neurological changes.29,30 To confirm
these findings, a large randomised

controlled trial is required to clarify
if a real difference in patient centred
outcomes does in fact exist.

Limitations

Definitive findings using this data
are limited. The retrospective
nature of the study means con-
founding by indication, and the
influence of unmeasured variation
not explained by the captured vari-
ables is potentially significant. The
authors were unable to establish
the relative timings of the medica-
tions provided, or to determine
individual clinician decision mak-
ing regarding the use of medica-
tions as a pre-treatment or part of
the RSI, or the delineate the choice
to use a particular induction agent
based on patient factors due to the
retrospective nature of the data.
Furthermore, as patient weight was
not well recorded, determining a
mg/kg dosing regimen for patients
was not possible in the present
study.
All information collected re-

quired manual extraction from a
paper-based medical record, mean-
ing data points chosen for extrac-
tion were judicious. As a result,
some potentially useful variables
were not measured, including
whether or not patients received
vasopressors prior to induction.
Furthermore, 16% of patients

lacking critical information relating
to the primary outcome in the med-
ical record resulted in their exclu-
sion from the study. The smaller
size of the sample means that the
uncertainty of the effect sizes is
large, and the study is likely to be
underpowered for the rarer second-
ary outcomes, particularly in rela-
tion to cardiac arrest and hospital
mortality.
The present study draws on data

obtained during the COVID-19
pandemic, where changes to patient
management introduced in the
name of staff safety may have
affected several of the measured
outcomes.
Patients in the ketamine group

had a lower pre-induction blood
pressure than those in the propofol
group. Although the use of the

shock index and the regression
analysis were used to control for
these factors, it is difficult in a ret-
rospective study to definitely deter-
mine if there was a difference
between the groups receiving each
induction agent which could have
potentially influenced their
response to each induction agent.

Conclusion
Post-induction hypotension was
associated with both ketamine and
propofol exposure, alongside
increasing age and shock index in
this regional ED cohort. This data
does not support the specific induc-
tion agent choice as having a signifi-
cant influence on the risk of PIH in
this patient population. The choice
of induction agent was not associ-
ated with clinically important sec-
ondary outcomes. Acknowledging
the limitations of this retrospective
cohort study, a randomised trial
between ketamine and propofol as
induction agents for emergency intu-
bation is the next step in exploring
the association between induction
agent choice and these clinically rele-
vant outcomes to remove con-
founding bias on induction agent
choices.
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