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Abstract

Purpose of Review This paper evaluates the recent literature regarding the physiologically difficult airway.

Recent Findings Adverse events mainly desaturation, cardiovascular collapse, and cardiac arrest remain common complica-
tions. This risk is greatly increased in patients with altered physiology prior to intubation. Studies published over the last
5 years have explored many aspects surrounding the epidemiology, risks, and approach to managing the physiologically
difficult airway.

Summary Important work has been done to identify directly modifiable risks of complications related to the physiologically
difficult airway, but a large percentage of patients remain at high risk despite optimizing induction agents, preoxygenation,

and first attempt success.

Keywords Physiologically difficult airway - Intubation - Preoxygenation - Cardiovascular collapse - Desaturation -

Resuscitation

Introduction

The physiologically difficult airway was first described
as a framework to explain the high rate of morbidity and
mortality that occurs in critically ill patients despite one or
few attempts, regardless of the presence or absence of any
anatomic difficulty with tracheal intubation [1]. Underlying
physiological abnormalities in these critically ill patients
can increase vulnerability to the undesirable side effects of
induction agents, attenuate or even eliminate the effective-
ness of preoxygenation, and exaggerate the effects of ces-
sation of spontaneous breathing and transition to positive
pressure ventilation (Table 1).

Indirect signals of the physiologically difficult airway
have been present for quite some time. In the seminal paper
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by Mort on the perils of repeated attempts, serious compli-
cations were far less frequent in patients with two or fewer
attempts, but cardiovascular collapse and hypoxemia were
still present in approximately 1 in 5 patients [2]. Sakles spe-
cifically evaluated the importance of first attempt success
and reported that 1 in 6 patients experienced an adverse
event despite first attempt success [3]. Jaber reported that
patients in shock had a higher risk of complications despite
the absence of a difficult airway [4]. Hypes published the
first direct evidence of the risk of the physiologically dif-
ficult airway [5], where hypoxemia and hemodynamic
instability were both associated with increased adjusted
odds of a complication despite first attempt success, which
occurred, again, in approximately 1 in 5 patients. Since we
first described this conceptual framework in 2015, much
work has been done to better understand and mitigate the
risks imposed by physiologically difficult airways. Our last
publication in this series reviewed the importance of and
processes for preoxygenation and resuscitation and offered
pragmatic recommendations for airway management in criti-
cally ill patients in general [6]. This paper focuses specifi-
cally on the physiologically difficult airway and summarizes
the relevant airway management-related research published
over the last 5 years.
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Search Strategy

Recent publications between January 1, 2018, and Janu-
ary 1, 2024, were identified by literature search of the
PubMed and Cochrane databases. The search terms
included (“intubation”[Title/Abstract]) AND (“Criti-
cally IlII”’[Title/Abstract]) and the following filters were
applied: Clinical Trial, Meta-Analysis, Observational
Study, Practice Guideline, Randomized Controlled Trial,
and Systematic Review. Studies on neonates or pediat-
ric patients < 18 years, case reports, editorials, animal or
manikin studies, and non-English language reports were
excluded. The resulting titles and abstracts were reviewed
for relevance (233 articles), and the full text was reviewed
for all articles involving the physiologically difficult air-
way (41 articles). References from each selected article
were reviewed for pertinent articles, and relevant new pub-
lications after the search date were manually included (17
additional articles), leaving 59 included articles.

Epidemiology

Studies published over the last 5 years that met inclusion
criteria for this review have added further insight into the
burden of the physiologically difficult airway. Two large
recent registry studies from emergency department intuba-
tions showed that first attempt success may be preserved in
the presence of anatomically difficult airway characteris-
tics; however, first attempt success without adverse events
is not. Both studies showed that the adjusted odds of first
attempt success without an adverse event decreases in the
presence of physiologically difficult airway characteristics,
confirming the concept [7, 8]. De Jong evaluated risk fac-
tors associated with peri-intubation cardiac arrest using
data collected from 1847 intubations performed during six
randomized clinical trials or observational studies across
64 ICUs in France [9]. The cardiac arrest rate was 2.7%,
while preintubation hypotension (systolic blood pres-
sure < 90 mmHg), hypoxemia, absence of preoxygenation,
a body mass index > 25 kg/m?, and age > 75 years were
associated with increased adjusted odds of peri-intubation
cardiac arrest. Hypotension, hypoxemia, and the absence
of preoxygenation had the strongest associations, and
sensitivity analyses did not reveal a protective association
with either first attempt success, ketamine use, or fluid
loading. Furthermore, the increasing odds of cardiac arrest
were more than linear with the addition of each risk factor
(adjusted odds 1.31 for one risk factor and 9.89 for >4 risk
factors). In 2020, the same group confirmed our findings
of the importance of first attempt success and the high rate
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of complications despite first attempt success, but added
further knowledge of the physiologically difficult airway
by demonstrating the differences in complication rates by
attempt [10]. They found that the rates of hypoxemia start
high and increase linearly with each successive attempt,
but the rates of cardiovascular collapse start high and stay
flat with a trend toward decreasing by number of attempts.
These findings were further supported by similar results
in the subsequent International Observational Study to
Understand the Impact and Best Practices of Airway Man-
agement in Critically 11l Patients (INTUBE) study [11ee].
This study enrolled consecutive intubations in the ED or
ICU over 8 weeks among nearly 200 hospitals across 29
countries and provides the first glimpse of widespread air-
way practices and complications in critically ill patients.

INTUBE reported other key insights from across the
world. Nearly 40% of patients were on noninvasive res-
piratory support (noninvasive positive pressure ventilation
[NIPPV], nasal high flow [NHF], or continuous positive air-
way pressure [CPAP]) prior to intubation, and nearly 30%
had bilateral lung opacities on chest imaging, yet only 19%
were preoxygenated with noninvasive respiratory support.
One in four patients was on a vasopressor, while the mean
heart rate and blood pressure were relatively normal. Propo-
fol and midazolam were the most commonly used induc-
tion agents. Nearly half of the patients (45.2%) had a major
adverse event, most commonly cardiovascular instability
(42.6%), severe hypoxemia (9.3%), or cardiac arrest (3.1%).
Among those who experienced a cardiac arrest, hemody-
namic instability and hypoxemia were the most common
causes. There were important differences in demographics
between those who had a major adverse event and those
who did not. Those with adverse events were more com-
monly sicker based on median Sequential Organ Failure
Assessment (SOFA) score (8, interquartile range 5—11 vs
6, interquartile range 4-9), had comorbid New York Heart
Class IIT or IV heart failure (11% vs 7%), had bilateral infil-
trates (32% vs 25%) or pleural effusions (16% vs 11%), had
worse oxygenation based on both the median PaO2/FiO2
(148, interquartile range 92243, vs 182, interquartile range
110-287) and the median SpO2/FiO2 (150, interquartile
range 100-233, vs 189, interquartile range 110-290), were
more commonly on pressors (34% vs 19%) or received flu-
ids (43% vs 33%), and tended to have lower mean blood
pressure.

A systematic review and meta-analysis of major adverse
events in critically ill patients, which included relevant stud-
ies until late 2022, found an overall major adverse event
rate of 30.5%, but more adverse events occurred in the ICU
(41%) than in the ED (17%) [12]. Their meta-analyses also
revealed a correlation between hemodynamic instability
before intubation and major adverse events, as well as the
use of propofol as the induction agent. Respiratory failure
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as the indication for intubation, propofol as the induction
agent, or using a muscle relaxant were all associated with a
higher prevalence of hypoxemia. A higher mean heart rate
prior to induction was associated with a higher cardiac arrest
rate, while etomidate was associated with a lower incidence
of cardiac arrest.

Smischney explored the risks of hypotension [13] and
hypoxemia [14] using a multicenter prospective cohort reg-
istry. Their data provided a fairly granular insight into this
concept, finding that preintubation hemodynamic status
(hypotension defined as a mean arterial pressure < 65 mmHg,
systolic pressure < 130 mmHg, sepsis diagnosis) and peri-
intubation pharmacologic agents (diuresis in the preceding
24 h, vasopressors immediately prior to intubation or etomi-
date as the induction agent), age, and increasing severity of
illness were all associated with postintubation hypotension
[13], while noninvasive ventilation and difficult mask venti-
lation, emergency intubation, cardiac reasons for intubation,
or fluid resuscitation were all associated with hypoxemia
[14]. They developed the HYpotension Prediction Score
(HYPS), which quantifies the relative weights and relation-
ships between the associated variables for hypotension, with
increasing scores associated with nonlinear increases in odds
of hypotension [15]. A secondary analysis of the INTUBE
study found similar variables associated with postintuba-
tion cardiovascular collapse, but they found that propofol as
the induction agent was the only process-related modifiable
factor, with the patient-related factors being age, heart rate,
systolic blood pressure, and oxygen saturation [16].

In the original description of the physiologically difficult
airway, we described severe right ventricular dysfunction
or failure as an independent physiologically difficult airway
phenotype independent of hemodynamic instability [1]. This
was largely experiential and physiology-based, given the
effects of airway management and its pharmacologic agents
on right ventricular function; however, there were few data
at the time. A recent study by Al-Saadi provided the first
direct data on the risk of RV dysfunction as an independent
risk factor for the physiologically difficult airway [17ee].
Patients with moderate or severe RV dysfunction prior to
intubation had increased adjusted odds of cardiac arrest or
hemodynamic instability with intubation, as well as an asso-
ciation with mortality (moderate RV dysfunction odds ratios
2.65-4.14, depending on the model, severe—2.66-5.01
depending on the model).

Taken together, the findings in these studies support the
notion that hypoxemia rates are a function of the adequacy
and efficacy of preoxygenation [18, 19] and that cardiovas-
cular collapse is a function of the underlying hemodynamic
abnormalities exaggerated by induction agents and the tran-
sition to positive pressure ventilation.

The COVID-19 pandemic was an unprecedented time in
modern medicine. Significant challenges were imposed on

airway management, from concerns about aerosol transmis-
sion to patients lingering on noninvasive respiratory sup-
port past the point of failure to improve work of breathing
and gas exchange. Cattin evaluated complication rates with
intubation in COVID-19 patients in Italy between Novem-
ber 2020 and May 2021 [20]. Compared to INTUBE, their
patient population was on average larger (BMI 30 vs 25),
had a higher prevalence of hypertension (52% vs 40%),
and more commonly had bilateral lung infiltrates on chest
imaging (96% vs 28%). Nearly 40% of patients had a pre-
dicted anatomically difficult intubation. More patients were
preoxygenated with noninvasive respiratory support (48%
vs 19%), but fewer were on vasopressors (8% vs 26%) or
received fluid boluses (19 vs 38%) prior to intubation. The
first attempt success rate was 91%, and no patients had a
difficult airway (> 2 attempts); however, 74% of patients
had a major adverse event (severe hypoxemia 44%, hemo-
dynamic instability 66%, cardiac arrest 2.8%), and 25% had
more than one adverse event. Even with first attempt suc-
cess, 68% of patients experienced an adverse event, and mul-
tivariable regression again demonstrated significant asso-
ciations between preintubation physiologic abnormalities
and complications. In the United States, a single-site study
retrospectively compared complication rates between 782
intubations immediately prior to the start of the pandemic
and 478 intubations in the early pandemic [21]. Patients
were more likely to be intubated for hypoxemic respiratory
failure during the pandemic (73% vs 28%). Despite using
procedural modalities most likely to reduce complications
(video laryngoscopy 89% vs 53%, neuromuscular block-
ade 86% vs 46%) by increasing first pass success (95% vs
83%), complication rates were nearly 100% higher (29.5%
vs 15.2%) during the pandemic, mainly from desaturation.
Despite almost fivefold greater adjusted odds of first attempt
success during the pandemic from the increased use of RSI
and VL, patients had an adjusted odds of 2.21 (1.5-3.4) of a
major adverse event compared to patients intubated before
the pandemic, with the major difference in patient demo-
graphics being more severe hypoxemia on average based
on the SpO2/Fi02 before intubation (98 vs 313) and PaO2/
FiO2 after intubation. Similar findings were reported from
a prospective observational study of 1837 intubations across
43 Spanish ICUs [22]. Increased VL and NBMA use during
the pandemic resulted in a higher first attempt success, but
still had a high rate of hemodynamic instability (26.5%) and
severe hypoxemia (20.3%).

Another key insight into the physiologically difficult
airway was provided by Taboada in an observational study
comparing intubating conditions in the operating room and
the ICU. They evaluated all nonpregnant adult patients intu-
bated using direct laryngoscopy in the ICU within a month
of an elective intubation in the OR by the same group of
anesthesiologists in both locations [23]. Demographics
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were fairly similar to INTUBE, and hemodynamically neu-
tral induction agents (etomidate 67%, propofol 26%) and
rapid onset paralytic agents (succinylcholine 90%, rocuro-
nium 5%) were used more often in the ICU than in the OR
(etomidate 31%, propofol 69%, succinylcholine 15%, rocu-
ronium 29%, cisatracurium 55%). However, more patients
had hypotension (28% versus 4%) or more hypoxemia (14%
versus 2%) in the ICU locations, suggesting that, in the same
group of patients with the same anatomy and intubated by
the same group of experts in both locations, the underlying
physiologic difficulties likely increased their risk.

Guidelines

Several recent guidelines now recognize the importance of
preintubation physiology during airway management. The
Difficult Airway Society guidelines for tracheal intubation
in critically ill patients stress the importance of advanced
preoxygenation and resuscitation in general [24]. The Soci-
ety for Airway Management published the first guidelines
specifically for the evaluation and management of the physi-
ologically difficult airway, with more specific recommen-
dations based on the underlying phenotype for a particular
patient [25ee]. The most recent Canadian Airway Focus
Group [26] and American Society of Anesthesiologists [27]
guidelines partially incorporate the physiologically difficult
airway. Both guidelines recommend considering an awake
intubation strategy for patients at risk of rapid desaturation,
particularly when combined with potential anatomic diffi-
culty. Finally, the Society of Critical Care Medicine guide-
lines for rapid sequence intubation were unable to make any
strong recommendations regarding aspects of the physiologi-
cally difficult airway because of low, very low, or nonexist-
ent evidence [28].

Devices

As the above epidemiological data demonstrate, there is an
association between first attempt success and a reduction
in major adverse events, and because video laryngoscopy
is associated with increased first attempt success, there has
been renewed focus on the optimal laryngoscope for RSIL.
Hossfield conducted an observational study on 1006 con-
secutive intubations in an anesthesiologist-staffed helicopter
emergency medical services unit in Germany [29]. In this
study, a standard (Macintosh) geometry video laryngoscope
was used with the monitor turned away from the operator to
obtain a glottic view using direct laryngoscopy; then, the
monitor was moved into view for a glottic view and intuba-
tion by video laryngoscopy. They found that video laryn-
goscopy significantly improved the glottic view, which was
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associated with a higher odds of first pass success (12.6,
6.70-23.65), even for experienced operators. Similar find-
ings were reported in the ED setting [30].

Several debated aspects of video laryngoscopy have been
explored in the last 5 years. First, while experience does
make a difference in success rates, the learning curve is con-
firmed to be steep in the ICU [31], as has been previously
shown in the ED [32]. Second, intubation is more success-
ful when a stylet is used than when an endotracheal tube is
inserted without a stylet [33]. Specifically, for video laryngo-
scopy, using a bougie (compared to a stylet) did not appear
to improve first pass success in an unstructured environment
[34], unlike in a structured environment [35]. Third, clini-
cal trials comparing DL and VL over the last 5 years show
improved first attempt success and safety profiles in the ED
and ICU [36, 37ee]. Systematic reviews and meta-analyses
are mixed, with an early meta-analysis showing no differ-
ence [38] and the most recent one showing superiority of VL
[39]. Finally, a recent Cochrane review also showed a favora-
ble profile for VL over DL, even for the most experienced
operators [40]. Given these findings, and the importance of
first attempt success, a reasonable strategy is to routinely use
video laryngoscopy when performing RSI, with a standard
Macintosh geometry blade for intubations that are not pre-
dicted to be difficult and a hyperangulated geometry blade
for intubations where anatomic difficulty is predicted.

While first attempt success is associated with significantly
reducing airway-related morbidity and is the goal when per-
forming RSI in critically ill patients, it is not completely
protective for around 20% of patients. In those patients, more
sophisticated peri-intubation resuscitation and preoxygena-
tion strategies are required for those patients to tolerate RSI,
and in some patients with refractory disease, a different air-
way management strategy may be required (e.g., an “awake”
spontaneously breathing approach).

Preoxygenation and Apneic Oxygenation

One of the key findings in the epidemiology studies
described above is the percentage of patients preoxygen-
ated with a bag-valve mask (INTUBE 62% (11), Nauka 34%
(21), Cattin 52% (20), Garnacho-Montero 76% (22)). Bail-
lard evaluated this in a randomized clinical trial in critically
ill patients with hypoxemic respiratory failure [41]. Patients
were randomized to either preoxygenation with a bag-valve
mask or noninvasive positive pressure ventilation for 3 min
prior to induction. The study failed to show a difference in
the primary outcome, maximum SOFA score within 7 days,
but there were very informative secondary outcomes. Com-
pared to a bag-valve mask, noninvasive ventilation resulted
in fewer adverse events (17.8% vs 41.3%) and less desatura-
tion <80% (16.6% vs 41.3%).



Current Anesthesiology Reports

High flow nasal oxygen is increasingly used for nonin-
vasive respiratory support in patients with acute hypoxemic
respiratory failure. Guitton compared high flow nasal oxy-
gen to bag-valve mask for preoxygenation in patients without
severe acute hypoxemic respiratory failure in a randomized
clinical trial [42]. This trial also failed to show a difference
in the primary outcome, the lowest oxygen saturation during
intubation, but the results of the secondary outcomes are very
informative. Despite patients preoxygenated with high flow
nasal oxygen having more difficult intubations, as evidenced
by more frequently requiring jaw thrust maneuvers (13% vs
33%), requiring more time (median 1 min [0.5-1.9] vs median
0.8 min [0.5-1.4]), a greater proportion taking > 10 min or 3
or more attempts (10% vs 1%), fewer patients had desaturation
(12% vs 23%) and complications (6% vs 19%).

Compared to each other, randomized clinical trial data
have shown no significant difference in severe hypoxemia
between patients with acute hypoxemic respiratory failure
preoxygenated with high flow nasal oxygen or noninva-
sive positive pressure ventilation [43]. However, a second-
ary analysis revealed that noninvasive positive pressure
was associated with severe hypoxemia less frequently in
patients with severe hypoxemia (24% vs 35%, adjusted odds
ratio 0.56, 0.32-0.99). One key finding from these studies
is the still high percentage, between 1 in 4 patients and 1
in 3 patients, that still have a severe desaturation despite
advanced preoxygenation using either high flow nasal oxy-
gen or noninvasive positive pressure ventilation.

Several studies have evaluated ways to further reduce this
incidence for patients undergoing RSI. Removing the oxygen
source before complete apnea results in a rapid loss of alveolar
oxygen [44]. In a randomized clinical trial in which the major-
ity of patients were preoxygenated with a bag-valve mask, a
nonrebreathing mask, or a standard nasal cannula and only
20% were intubated for hypoxemic respiratory failure, mask
ventilation between induction and laryngoscopy reduced the
incidence of severe desaturation by half without an increase in
aspiration [45]. A recent systematic review and meta-analysis
of high flow nasal oxygen used for apneic oxygenation showed
that apneic oxygenation has the greatest effect on reducing
severe desaturation episodes in patients without significant
hypoxemia, as determined by the PaO2/FiO2 ratio [46]. A sec-
ondary analysis of two clinical trials showed that mask ven-
tilation between induction and laryngoscopy reduced severe
desaturation episodes compared to apneic oxygenation with
15 L per minute [47]. However, there is only one compari-
son between mask ventilation and apneic oxygenation using
a high flow nasal oxygen system [48]. In this study, patients
with COVID-19 were intubated using a flexible endoscope
after preoxygenation/apneic oxygenation with SOLPM HFNO
or bag-valve mask, where HFNO reduced the incidence and
depth of desaturation. The most recent Cochrane review on
apneic oxygenation showed that there is unlikely a difference

with apneic oxygenation [49]. A variation of apneic oxygena-
tion using continuous noninvasive ventilation while nasally
intubating with a flexible endoscope resulted in fewer desatu-
rations < 80% (7.4% vs 37.7%) [50].

One of the major limitations in interpreting the literature
on preoxygenation is that the assumption is that apnea with
induction is the only option for airway management, thus the
point of preoxygenation. However, some patients with acute
hypoxemic respiratory failure are refractory to preoxygena-
tion and perhaps these patients should be intubated while
spontaneously breathing [1, 6, 18, 19, 25, 51]. Kriege
conducted a retrospective observational study evaluating the
adverse events of an awake intubation approach compared
to RSIin 135 critically ill patients intubated with a video or
direct laryngoscope [52¢]. They had an overall complication
rate of 27%, but found a dramatically reduced complica-
tion rate in patients intubated with awake topicalization on
high flow nasal oxygen (2.2%) compared to RSI (39%), even
when accounting for level of experience.

A personalized approach to preoxygenation is provided
in Fig. 1.

Hemodynamics

Several studies have evaluated various aspects of peri-intu-
bation hemodynamics in the last 5 years. The pragmatic mul-
ticenter PrePARE trial evaluated the effect of initiating a
500 mL crystalloid bolus before induction [53]. They found
no overall effect on the incidence of cardiovascular collapse,
and the trial was stopped early for futility. However, they
did find a trend toward benefit in patients receiving positive
pressure ventilation either by preoxygenation by noninva-
sive ventilation or by bag-mask ventilation after induction.
The follow-up trial in this patient population, PrePARE II,
showed that initiating a fluid bolus prior to induction was not
associated with a reduction in cardiovascular collapse [54].

A post hoc analysis of clinical trial data by the same
group also suggested that prophylactic vasopressors were
not associated with a reduction in cardiovascular collapse
[55]. Interestingly, another study demonstrated that the use
of push-dose vasopressors, including during intubation,
increased blood pressure effectively but was associated with
frequent medication dosing errors (11%) [56].

A very intriguing proof-of-concept study was conducted
in which continuous transcutaneous CO, monitoring was
evaluated during the peri-intubation period [57]. This study
showed differences in transcutaneous CO, levels between
preoxygenation methods and variability from preoxygena-
tion through the first hours of mechanical ventilation. Most
interestingly, they found an association between the rate of
correction of CO, and the incidence of postintubation hypo-
tension. While so much focus has been placed on modifiable
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I No Awake and No
Desaturation Risk? [ spontaneously | Bag-Valve Mask
breathing? + PEEP valve
Yes
Yes
spps No
FRC No Dltffrlculty _ NIPPV

Compromised? anticipated? HFENO Flush flow

Yes Yes
Refractory Shunt? lNoi HFNO + ApOx
Yes
Apnea Vulnerable? |N—o.
Yes

“Awake"” intubation with
HFNO

Fig. 1 Personalized preoxygenation. Preoxygenation requires a more
personalized approach based on the specific underlying risk. For
patients that are not at particularly high risk for desaturation, flush
flow oxygen should be the standard as denitrogenation is generally
the limiting step for preoxygenation effectiveness. Apneic oxygena-
tion (ApOx) may be helpful for patients with anticipated difficulty. If
patients are not spontaneously breathing, then preoxygenation with
a bag-valve mask and positive end-expiratory pressure (PEEP) valve
is the only realistic option. For patients at risk of desaturation, non-

risks before intubation, this study highlights the potential
importance of the fragility of hemodynamics immediately
after the tube is placed.

Induction agents, particularly etomidate and ketamine,
remain a priority area of interest in the literature. Observa-
tional studies have shown disparate outcomes, where keta-
mine is associated with both more frequent [58, 59], and less
frequent [60], postintubation hypotension, or no difference
compared to etomidate [61, 62]. Matchett conducted a ran-
domized controlled trial comparing etomidate and ketamine
in ICU patients and reported a greater 7-day mortality with
etomidate but no difference in 28-day mortality, and second-
ary outcomes evaluating the hemodynamic effects of each
all trended worse for ketamine [63]. A more recent trial also
showed no difference in the maximum severity of illness,
mortality, or postintubation incidence between the two [64].
Lastly, neither mixing ketamine and propofol [65] nor reduc-
ing the dose of etomidate appear to be associated with an
overall reduction in postintubation hypotension [66e].
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invasive positive pressure ventilation (NIPPV) and high flow nasal
oxygen (HFNO) can be useful depending on the primary risk (i.e.,
reduced functional residual capacity (FRC) or intrapulmonary shunt
refractory to denitrogenation and maximizing FRC). For patients
with vulnerability to rapid desaturation with apnea, such as those
with high respiratory effort in the setting of acute respiratory distress
syndrome, an awake intubation approach with HFNO may be the best
option

A systematic review and meta-analysis conducted by
Kotani in 2023 concluded that there is a high probability of
harm from etomidate [67]. However, there are major flaws
in this meta-analysis that limit the interpretability. Among
other limitations, the study analyzed the primary outcome of
each of the included studies. This resulted in a nonstandard
outcome, and if the outcome was standardized to 28-day
mortality, the results change to nonsignificant.

Finally, another physiology study provided further insight
into the hemodynamic effects and the magnitude of those
effects with induction agents using a noninvasive cardiac
output monitor [68]. This small study showed that in undif-
ferentiated critically ill patients, propofol, ketamine, and
etomidate had predictable effects on hemodynamics, but
interestingly, they found that positive pressure ventilation
after intubation only minimally affected hemodynamics.

Just like with preoxygenation, resuscitation requires a more
sophisticated approach personalized to the individual patient’s
physiology. Figure 2 offers such a personalized approach.
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Take-Home Messages

The 10 key principles learned over the last 5 years include
the following:

1. The physiologically difficult airway imposes risk to
patients that cannot be completely overcome by a
single device, by the safety with first pass success,
by imprecisely applied resuscitation, or by broadly
applied induction agents.

2. Directly modifiable procedure-related risk factors for
RSI include avoiding propofol as an induction agent,
avoiding bag-mask ventilation for preoxygenation, and
using video laryngoscopy routinely (standard geometry
if anatomic difficulty is not predicted, hyperangulated
if anatomic difficulty is predicted).

3. The complexity of acute hypoxemic respiratory failure
and preoxygenation methods and the risk of adverse
events remain a challenge. COVID-19-related stud-
ies particularly highlight the challenges with RSI in
patients with hypoxemic respiratory failure.

4. Overall, too many patients are preoxygenated with
bag-mask ventilation, and there is still too high of an
incidence of desaturation in patients undergoing RSI in

the setting of acute hypoxemic respiratory failure. Pre-
oxygenation requires a more nuanced approach based
on the underlying indication for intubation (Fig. 1).

5. Some patients with acute hypoxemic respiratory failure
cannot be preoxygenated for RSI. In those patients,
strongly consider an approach that maintains sponta-
neous breathing in patients with an appropriate mental
status. This requires topicalization of the airway and
minimal to no sedation. In patients where the mental
status is not amenable to topicalization and cooperation
with an awake approach, induction and early use of a
second-generation supraglottic airway may improve
oxygenation to facilitate laryngoscopy and intubation
but more data are needed to inform this strategy.

6. Like preoxygenation, preintubation resuscitation
requires a nuanced approach based on underlying phys-
iology (Fig. 2). Imprecise fluid initiation and vasopres-
sor administration are also unlikely to be successful
when broadly applied.

7. Propofol, ketamine, and etomidate have all been shown
to both improve and worsen hemodynamics in various
studies. Propofol, however, is more consistently asso-
ciated with risk across studies. Regardless, relying on
largely indirect hemodynamic effects of an induction

Preintubation Phase

1. Phenotype Hemodynamics
Low Risk
Blood pressure & shock index normal
Moderate Risk
Blood pressure normal, shock index high
High Risk

Blood pressure low, shock index high

2. Determine Primary Abnormality if ‘

moderate or high risk
Poor Contractility
Vasoplegia

Moderate-Severe RV
dysfunction/Failure

Resuscitation Phase

1. Preoxygenation

C

di NIRS

ting airsp
No coexisting airspace disease- flush
rate NRB

2. Fluids

If Volume R and Tol it

Fluid resuscitate based on underlying
volume needed (i.e. crystalloids vs blood)

If Volume Responsive but Intolerant
(e.g., severe Al, MR, restrictive
cardiomyopathy)

Re-evaluate tolerance after vasoactive
agents

If severe RV Dysfunction/Failure

Diuresis if RV volume overloaded

3. Vasoactive agents

Reduce unstressed volume/vasoplegia
(vasopressor)

Improve inotropy
(dobutamine/milrinone)

Reduce RV afterload (pulmonary
vasodilator)

Intubation Phase

1. Optimize First Attempt Success

Use Video Laryngoscopy
T try if no predicted
difficulty

Hyperangulated if predicted difficulty

2. Induction agent

Avoid propofol (at least full dose)

Avoid midazolam

—

etomidate, ketamine roughly
equivalent. Choose based on desired
effect after resuscitation.

Modify dose, agent, and/or consider
‘awake’ intubation in some refractory
shock states (e.g., severe aortic valve
disease, right ventricular failure, gram

negative septic shock with vasoplegia)

3. Post-Intubation

Avoid rapid changes in CO2, especially
in vulnerable states (e.g., RV
dysfunction)

Attenuate sedative effects (e.g.,
venodilation, negative inotropy)

Fig.2 Personalized resuscitation. Preintubation resuscitation also
requires a nuanced approach based on the underlying physiologic
abnormalities and the expected change in those abnormalities with

induction, apnea, intubation, and mechanical ventilation. RV =right
ventricular, Al=aortic insufficiency, MR =mitral regurgitation,
NIRS =noninvasive respiratory support, NRB =nonrebreathing mask
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agent in patients with overt hemodynamic instability is
likely to be an unsuccessful strategy if broadly applied.

8. Prophylactic pressors stabilize the initial preintubation
state only. This is a very different clinical scenario than
stabilizing the change in physiology with intubation.
Thus, the pharmacologic adjuncts for intubation must
be chosen based on the underlying physiologic state
and the expected change.

9. Interesting physiology evidence suggests that rapid
peri-intubation CO, changes, and not necessarily the
positive pressure itself, play a role in postintubation
hypotension. Until more evidence is available, we
should be mindful of the rate at which we change CO,
after intubation in hemodynamically fragile patients.

10. Current clinical trial methodologies and analytic strate-
gies have limited ability to evaluate the complex rela-
tionships related to the physiologically difficult airway.

Conclusion

The physiologically difficult airway remains a complex
and significant threat to critically ill patients. While much
work has been done over the last 5 years, innovative tri-
als and more sophisticated analyses are needed to explore
the complex relationships between variables that increase
risk. In the meantime, we must eliminate easily modifi-
able risks where possible and move to a more personalized
approach to preintubation optimization based on underly-

ing physiology.

Author Contribution JMM reviewed the literature and wrote and
reviewed the manuscript.

Data Availability No datasets were generated or analyzed during the
current study.

Declarations

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any
of the authors.

Conflict of Interest JMM has received travel support from Fisher &
Paykel.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not

@ Springer

permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have
been highlighted as:

e Of importance

ee Of major importance

1. Mosier JM, Joshi R, Hypes C, Pacheco G, Valenzuela T, Sakles
JC. The physiologically difficult airway. West J] Emerg Med.
2015;16(7):1109-17.

2. Mort TC. Emergency tracheal intubation: complications asso-
ciated with repeated laryngoscopic attempts. Anesth Analg.
2004;99(2):607-13 (table of contents).

3. Sakles JC, Chiu S, Mosier J, Walker C, Stolz U. The importance
of first pass success when performing orotracheal intubation in
the emergency department. Acad Emerg Med Off J Soc Acad
Emerg Med. 2013;20(1):71-8.

4. Jaber S, Amraoui J, Lefrant JY, Arich C, Cohendy R, Lan-
dreau L, et al. Clinical practice and risk factors for immedi-
ate complications of endotracheal intubation in the intensive
care unit: a prospective, multiple-center study. Crit Care Med.
2006;34(9):2355-61.

5. Hypes C, Sakles J, Joshi R, Greenberg J, Natt B, Malo J, et al.
Failure to achieve first attempt success at intubation using video
laryngoscopy is associated with increased complications. Intern
Emerg Med. 2017;12(8):1235-43.

6. Natt B, Mosier J. Airway management in the critically ill patient.
Curr Anesthesiol Rep. 2021:11(2):116-27. https://doi.org/10.
1007/s40140-021-00448-3.

7. Pacheco GS, Hurst NB, Patanwala AE, Hypes C, Mosier JM,
Sakles JC. First pass success without adverse events is reduced
equally with anatomically difficult airways and physiologically
difficult airways. West ] Emerg Med. 2021;22(2):360-8.

8. Nikolla DA, Offenbacher J, Smith SW, Genes NG, Herrera OA,
Carlson JN, Brown CA, 3rd. First-attempt success between ana-
tomically and physiologically difficult airways in the national
emergency airway registry. Anesth Analg. 2024. https://doi.org/
10.1213/ANE.0000000000006828.

9. De Jong A, Rolle A, Molinari N, Paugam-Burtz C, Constantin
IJM, Lefrant JY, et al. Cardiac arrest and mortality related to
intubation procedure in critically ill adult patients: a multicenter
cohort study. Crit Care Med. 2018;46(4):532-9.

10. De Jong A, Rolle A, Pensier J, Capdevila M, Jaber S. First-
attempt success is associated with fewer complications related
to intubation in the intensive care unit. Intensive Care Med.
2020;46(6):1278-80.

11.ee Russotto V, Myatra SN, Laffey JG, Tassistro E, Antolini L, Bauer
P, et al. Intubation practices and adverse peri-intubation events
in critically ill patients from 29 countries. JAMA : ] Am Med
Assoc. 2021;325(12):1164-72. Multinational observational
study showing risk worldwide.

12.  Downing J, Yardi I, Ren C, Cardona S, Zahid M, Tang K, et al.
Prevalence of peri-intubation major adverse events among criti-
cally ill patients: a systematic review and meta analysis. Am J
Emerg Med. 2023;71:200-16.

13.  Smischney NJ, Kashyap R, Khanna AK, Brauer E, Morrow LE,
Seisa MO, et al. Risk factors for and prediction of post-intuba-
tion hypotension in critically ill adults: a multicenter prospective
cohort study. PLoS ONE. 2020;15(8):e0233852.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s40140-021-00448-3
https://doi.org/10.1007/s40140-021-00448-3
https://doi.org/10.1213/ANE.0000000000006828
https://doi.org/10.1213/ANE.0000000000006828

Current Anesthesiology Reports

14.

16.

1700

18.

20.

21.

22.

23.

24.

2500

26

27.

28.

Smischney NJ, Khanna AK, Brauer E, Morrow LE, Ofoma
UR, Kaufman DA, et al. Risk factors for and outcomes associ-
ated with peri-intubation hypoxemia: a multicenter prospective
cohort study. J Intensive Care Med. 2021;36(12):1466-74.
Smischney NJ, Surani SR, Montgomery A, Franco PM, Cal-
lahan C, Demiralp G, et al. Hypotension prediction score
for endotracheal intubation in critically ill patients: a post
hoc analysis of the HEMAIR study. J Intensive Care Med.
2022;37(11):1467-79.

Russotto V, Tassistro E, Myatra SN, Parotto M, Antolini L,
Bauer P, et al. Peri-intubation cardiovascular collapse in patients
who are critically ill: insights from the INTUBE study. Am J
Respir Crit Care Med. 2022;206(4):449-58.

Al-Saadi MA, Heidari B, Donahue KR, Shipman EM, Kinari-
wala KN, Masud FN. Pre-existing right ventricular dysfunction
as an independent risk factor for post intubation cardiac arrest
and hemodynamic instability in critically ill patients: a retrospec-
tive observational study. J Intensive Care Med. 2023;38(2):169—
78. Study establishing right ventricular dysfunction/failure
as an independent risk factor for cardiovascular collapse.
Mosier JM, Hypes CD, Sakles JC. Understanding preoxygena-
tion and apneic oxygenation during intubation in the critically
ill. Intensive Care Med. 2017;43(2):226-8.

Mosier JM. Physiologically difficult airway in critically ill
patients: winning the race between haemoglobin desaturation
and tracheal intubation. Br J Anaesth. 2020;125(1):e1-4.
Cattin L, Ferrari F, Mongodi S, Pariani E, Bettini G, Daverio
F, et al. Airways management in SARS-COV-2 acute respira-
tory failure: a prospective observational multi-center study. Med
Intensiva (Engl Ed). 2023;47(3):131-9.

Nauka PC, Chen JT, Shiloh AL, Eisen LA, Fein DG. Practice,
outcomes, and complications of emergent endotracheal intuba-
tion by critical care practitioners during the COVID-19 pan-
demic. Chest. 2021;160(6):2112-22.

Garnacho-Montero J, Gordillo-Escobar E, Trenado J, Gordo F,
Fisac L, Garcia-Prieto E, et al. A nationwide, prospective study
of tracheal intubation in critically ill adults in Spain: manage-
ment, associated complications, and outcomes. Crit Care Med.
2024. https://doi.org/10.1097/CCM.0000000000006198.
Taboada M, Doldan P, Calvo A, Almeida X, Ferreiroa E, Baluja
A, et al. Comparison of tracheal intubation conditions in operat-
ing room and intensive care unit: a prospective, observational
study. Anesthesiology. 2018;129(2):321-8.

Higgs A, McGrath BA, Goddard C, Rangasami J, Suntharal-
ingam G, Gale R, Cook TM. Guidelines for the management
of tracheal intubation in critically ill adults. Br J Anaesth.
2018;120(2):323-52.

Kornas RL, Owyang CG, Sakles JC, Foley LJ, Mosier JM. Eval-
uation and management of the physiologically difficult airway:
consensus recommendations from society for airway manage-
ment. Anesth Analg. 2021;132(2):395-405. First guidelines
specifically for the physiologically difficult airway.

Law JA, Duggan LV, Asselin M, Baker P, Crosby E, Downey
A, et al. Canadian Airway Focus Group updated consensus-
based recommendations for management of the difficult air-
way: part 2. Planning and implementing safe management of
the patient with an anticipated difficult airway. Can J Anaesth.
2021;68(9):1405-36.

Apfelbaum JL, Hagberg CA, Connis RT, Abdelmalak BB,
Agarkar M, Dutton RP, et al. 2022 American Society of Anes-
thesiologists practice guidelines for management of the difficult
airway. Anesthesiology. 2022;136(1):31-81.

Acquisto NM, Mosier JM, Bittner EA, Patanwala AE, Hirsch
KG, Hargwood P, et al. Society of critical care medicine clinical
practice guidelines for rapid sequence intubation in the critically
ill adult patient. Crit Care Med. 2023;51(10):1411-30.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39

40.

41.

42.

43.

Hossfeld B, Thierbach S, Allgoewer A, Gaessler H, Helm M.
First pass success of tracheal intubation using the C-MAC PM
videolaryngoscope as first-line device in prehospital cardiac
arrest compared with other emergencies: an observational study.
Eur J Anaesthesiol. 2021;38(8):806—12.

Prekker ME, Trent SA, Lofrano A, Russell DW, Barnes CR,
Brewer JM, et al. Laryngoscopy and tracheal intubation: does
use of a video laryngoscope facilitate both steps of the proce-
dure? Ann Emerg Med. 2023;82(4):425-31.

Amalric M, Larcher R, Brunot V, Garnier F, De Jong A, Mou-
laire Rigollet V, et al. Impact of videolaryngoscopy expertise on
first-attempt intubation success in critically ill patients. Crit Care
Med. 2020;48(10):e889-96.

Sakles JC, Mosier J, Patanwala AE, Dicken J. Learning curves
for direct laryngoscopy and GlideScope(R) video laryngos-
copy in an emergency medicine residency. West J Emerg Med.
2014;15(7):930-7.

Jaber S, Rollé A, Godet T, Terzi N, Riu B, Asfar P, et al. Effect of
the use of an endotracheal tube and stylet versus an endotracheal
tube alone on first-attempt intubation success: a multicentre,
randomised clinical trial in 999 patients. Intensive Care Med.
2021;47(6):653-64.

Driver BE, Semler MW, Self WH, Ginde AA, Trent SA,
Gandotra S, et al. Effect of use of a bougie vs endotracheal
tube with stylet on successful intubation on the first attempt
among critically ill patients undergoing tracheal intuba-
tion: a randomized clinical trial. JAMA, J] Am Med Assoc.
2021;326(24):2488-97.

Driver BE, Prekker ME, Klein LR, Reardon RF, Miner JR,
Fagerstrom ET, et al. Effect of use of a bougie vs endotra-
cheal tube and stylet on first-attempt intubation success among
patients with difficult airways undergoing emergency intuba-
tion: a randomized clinical trial. JAMA, J] Am Med Assoc.
2018;319(21):2179-89.

Mo C, Zhang L, Song Y, Liu W. Safety and effective-
ness of endotracheal intubation in critically ill emergency
patients with videolaryngoscopy. Medicine (Baltimore).
2023;102(44):e35692.

Prekker ME, Driver BE, Trent SA, Resnick-Ault D, Seitz
KP, Russell DW, et al. Video versus direct laryngoscopy
for tracheal intubation of critically ill adults. N Engl J Med.
2023;389(5):418-29. Multicenter randomized controlled trial
of VL and DL in critically ill ICU and ED patients.

Kim JG, Ahn C, Kim W, Lim TH, Jang BH, Cho Y, et al. Com-
parison of video laryngoscopy with direct laryngoscopy for
intubation success in critically ill patients: a systematic review
and Bayesian network meta-analysis. Front Med (Lausanne).
2023;10:1193514.

Araujo B, Rivera A, Martins S, Abreu R, Cassa P, Silva M, Gallo
de Moraes A. Video versus direct laryngoscopy in critically ill
patients: an updated systematic review and meta-analysis of ran-
domized controlled trials. Crit Care. 2024;28(1):1.

Hansel J, Rogers AM, Lewis SR, Cook TM, Smith AF. Vide-
olaryngoscopy versus direct laryngoscopy for adults under-
going tracheal intubation. Cochrane Database of Syst Rev.
2022;4(4):Cd011136.

Baillard C, Prat G, Jung B, Futier E, Lefrant JY, Vincent F, et al.
Effect of preoxygenation using non-invasive ventilation before
intubation on subsequent organ failures in hypoxaemic patients:
arandomised clinical trial. Br J Anaesth. 2018;120(2):361-7.
Guitton C, Ehrmann S, Volteau C, Colin G, Maamar A, Jean-
Michel V, et al. Nasal high-flow preoxygenation for endotracheal
intubation in the critically ill patient: a randomized clinical trial.
Intensive Care Med. 2019;45(4):447-58.

Frat JP, Ricard JD, Quenot JP, Pichon N, Demoule A, Forel IM,
et al. Non-invasive ventilation versus high-flow nasal cannula

@ Springer


https://doi.org/10.1097/CCM.0000000000006198

Current Anesthesiology Reports

44,

45.

46.

47.

48.

49.

50.

51

52.e

53.

54.

55.

56.

oxygen therapy with apnoeic oxygenation for preoxygenation
before intubation of patients with acute hypoxaemic respira-
tory failure: a randomised, multicentre, open-label trial. Lancet
Respir Med. 2019;7(4):303-12.

Mosier J, Reardon RF, DeVries PA, Stang JL, Nelsen A, Prekker
ME, Driver BE. Time to loss of preoxygenation in emergency
department patients. ] Emerg Med. 2020;59(5):637—42.

Casey JD, Janz DR, Russell DW, Vonderhaar DJ, Joffe AM, Dis-
chert KM, et al. Bag-mask ventilation during tracheal intubation
of critically ill adults. N Engl J Med. 2019;380(9):811-21.
Jhou HJ, Chen PH, Lin C, Yang LY, Lee CH, Peng CK. High-
flow nasal cannula therapy as apneic oxygenation during
endotracheal intubation in critically ill patients in the inten-
sive care unit: a systematic review and meta-analysis. Sci Rep.
2020;10(1):3541.

Vaughan EM, Seitz KP, Janz DR, Russell DW, Dargin J, Von-
derhaar DJ, et al. Bag-mask ventilation versus apneic oxygena-
tion during tracheal intubation in critically ill adults: a sec-
ondary analysis of 2 randomized trials. J Intensive Care Med.
2022;37(7):899-907.

Wu CN, Xia LZ, Li KH, Ma WH, Yu DN, Qu B, et al. High-
flow nasal-oxygenation-assisted fibreoptic tracheal intubation in
critically ill patients with COVID-19 pneumonia: a prospective
randomised controlled trial. Br J Anaesth. 2020;125(1):e166-8.
White LD, Vlok RA, Thang CY, Tian DH, Melhuish TM.
Oxygenation during the apnoeic phase preceding intubation in
adults in prehospital, emergency department, intensive care and
operating theatre environments. Cochrane Database of Syst Rev.
2023;8(8):Cd013558.

Nong L, Liang W, Yu Y, Xi Y, Liu D, Zhang J, et al. Noninva-
sive ventilation support during fiberoptic bronchoscopy-guided
nasotracheal intubation effectively prevents severe hypoxemia.
J Crit Care. 2020;56:12-7.

Mosier JM, Sakles JC, Law JA, Brown CA 3rd. Brindley
PG. Tracheal intubation in the critically ill. Where we came
from and where we should go. Am J Respir Crit Care Med.
2020;201(7):775-88.

Kriege M, Rissel R, El Beyrouti H, Hotz E. Awake tracheal
intubation is associated with fewer adverse events in critical
care patients than anaesthetised tracheal intubation. J Clin Med.
2023;12:18. Observational study evaluating an awake strat-
egy compared to RSI in critically ill patients.

Janz DR, Casey JD, Semler MW, Russell DW, Dargin J, Von-
derhaar DJ, et al. Effect of a fluid bolus on cardiovascular col-
lapse among critically ill adults undergoing tracheal intubation
(PrePARE): a randomised controlled trial. Lancet Respir Med.
2019;7(12):1039-47.

Russell DW, Casey JD, Gibbs KW, Ghamande S, Dargin JM,
Vonderhaar DJ, et al. Effect of fluid bolus administration on
cardiovascular collapse among critically ill patients undergoing
tracheal intubation: a randomized clinical trial. JAMA, J] Am
Med Assoc. 2022;328(3):270-9.

Fuchita M, Pattee J, Russell DW, Driver BE, Prekker ME,
Barnes CR, et al. Prophylactic administration of vasopressors
prior to emergency intubation in critically ill patients: a second-
ary analysis of two multicenter clinical trials. Crit Care Explor.
2023;5(7):e0946.

Rotando A, Picard L, Delibert S, Chase K, Jones CMC, Acquisto
NM. Push dose pressors: experience in critically ill patients out-
side of the operating room. Am J Emerg Med. 2019;37(3):494-8.

@ Springer

57.

58.

59.

60.

61.

62.

63.

64.

65.

660

67.

68.

Frérou A, Maamar A, Rafi S, Lhommet C, Phelouzat P, Pontis
E, et al. Monitoring transcutaneously measured partial pressure
of CO(2) during intubation in critically ill subjects. Respir Care.
2021;66(6):1004—15.

April MD, Arana A, Schauer SG, Davis WT, Oliver JJ, Fante-
grossi A, et al. Ketamine versus etomidate and peri-intubation
hypotension: a national emergency airway registry study. Acad
Emerg Med Off J Soc Acad Emerg Med. 2020;27(11):1106-15.
Mohr NM, Pape SG, Runde D, Kaji AH, Walls RM, Brown
CA 3rd. Etomidate use is associated with less hypotension than
ketamine for emergency department sepsis intubations: a NEAR
cohort study. Acad Emerg Med Off J Soc Acad Emerg Med.
2020;27(11):1140-9.

Ishimaru T, Goto T, Takahashi J, Okamoto H, Hagiwara Y,
Watase H, et al. Association of ketamine use with lower risks
of post-intubation hypotension in hemodynamically-unstable
patients in the emergency department. Sci Rep. 2019;9(1):17230.
Foster M, Self M, Gelber A, Kennis B, Lasoff DR, Hayden SR,
Wardi G. Ketamine is not associated with more post-intubation
hypotension than etomidate in patients undergoing endotracheal
intubation. Am J Emerg Med. 2022;61:131-6.

Wan C, Hanson AC, Schulte PJ, Dong Y, Bauer PR. Propofol,
ketamine, and etomidate as induction agents for intubation and
outcomes in critically ill patients: a retrospective cohort study.
Crit Care Explor. 2021;3(5):e0435.

Matchett G, Gasanova I, Riccio CA, Nasir D, Sunna MC,
Bravenec BJ, et al. Etomidate versus ketamine for emergency
endotracheal intubation: a randomized clinical trial. Intensive
Care Med. 2022;48(1):78-91.

Knack SKS, Prekker ME, Moore JC, Klein LR, Atkins AH,
Miner JR, Driver BE. The effect of ketamine versus etomidate
for rapid sequence intubation on maximum sequential organ fail-
ure assessment score: a randomized clinical trial. J] Emerg Med.
2023;65(5):e371-82.

Smischney NJ, Nicholson WT, Brown DR, Gallo De Moraes
A, Hoskote SS, Pickering B, et al. Ketamine/propofol admix-
ture vs etomidate for intubation in the critically ill: KEEP
PACE randomized clinical trial. J] Trauma Acute Care Surg.
2019;87(4):883-91.

Driver BE, Trent SA, Prekker ME, Reardon RF, Brown CA
3rd. Sedative dose for rapid sequence intubation and postintu-
bation hypotension: is there an association? Ann Emerg Med.
2023;82(4):417-24. Study evaluating reduced doses of induc-
tion agents for post-intubation hypotension.

Kotani Y, Piersanti G, Maiucci G, Fresilli S, Turi S, Montanaro
G, et al. Etomidate as an induction agent for endotracheal intu-
bation in critically ill patients: a meta-analysis of randomized
trials. J Crit Care. 2023;77:154317.

Smischney NJ, Stoltenberg AD, Schroeder DR, DeAngelis JL,
Kaufman DA. Noninvasive cardiac output monitoring (NICOM)
in the critically ill patient undergoing endotracheal intuba-
tion: a prospective observational study. J Intensive Care Med.
2023;38(12):1108-20.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	The Physiologically Difficult Airway and Management Considerations
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Search Strategy
	Epidemiology
	Guidelines
	Devices
	Preoxygenation and Apneic Oxygenation
	Hemodynamics
	Take-Home Messages
	Conclusion
	References


