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Emergency endotracheal intubation is a high-
risk procedure commonly performed in
hospitalized patients who are suffering from
critical illness. Standardized metrics are
needed to allow for continuous quality
improvement and serve as outcomemeasures
for emergency airway research. Ideally, the
core outcomemetric used to evaluate
emergency endotracheal intubation research
and quality improvement would be easily
measurable, patient centered, andmodifiable
by interventions under study. In this
Viewpoint, we describe the first-pass success
rate, the metric most frequently used for
assessing emergency endotracheal intubation,
and highlight both the strengths and
weaknesses of this outcome.We further
identify alternative candidate outcomes for
future research and quality improvement
initiatives with respect to emergency
endotracheal intubation and characterize an
important gap in critical care airway research.

The term first-pass success is
traditionally defined as successful intubation
after the first insertion of the laryngoscope
blade into the mouth (1). Given the colloquial

nature of the term first-pass success and the
lack of distinctions within the term regarding
what a “pass” is and what “success” refers to,
we will use the alternative term “intubation
on first attempt” for the remainder of this
manuscript. Whether the airway
management community should consider
moving away from the term first-pass success
and toward a more descriptive term is a
subject that warrants further discussion.

The idea of measuring intubation on
first attempt was initially described in 1984
by prehospital personnel (2). The sentinel
retrospective study that linked intubation on
first attempt rates to clinical outcomes for
critically ill patients was reported by
anesthesia providers intubating patients
outside the operating room (1). Since the
publication of these data, intubation on first
attempt has been used as an outcome
measure for controlled laryngoscopy in the
operating room and during the emergency
airway management of critically ill patients
(3–6). The rationale behind the use of
intubation on first attempt as an outcome
measure has been reinforced over time by the
demonstration that complications and
mortality escalate with increasing numbers of
procedural attempts across a variety of
clinical environments (6, 7). Given the
robustness of this correlation, intubation on
first attempt has been widely used as the
primary outcome for studies determining
best practice during emergency endotracheal
intubations (3, 4, 8–10).

Despite its widespread adoption,
intubation on first attempt has several
limitations that should be acknowledged.

First, the traditionally used definition of
intubation on first attempt as provided above
does not fully encompass the entirety of the
procedure, which includes both laryngoscopy
(visualization of glottis) and intubation
(successful insertion of the endotracheal tube
into the trachea). Despite successful
visualization of the glottis, repeated attempts
at insertion of an endotracheal tube may
increase the risk of complications, including
airway trauma and propensity for prolonged
intubation with physiologic consequences.

To mitigate this potential shortcoming,
several recent trials have defined intubation
on first attempt to include both a single
attempt at laryngoscopy and a single attempt
at insertion of an endotracheal tube (5, 11).
This latter definition is especially pertinent
given the increasing use of hyperangulated
video laryngoscopes, which allow for
improved laryngeal visualization despite
widely described challenges during
endotracheal tube delivery (4, 12). The
reporting of both the traditional definition
and the augmented definition of first-pass
success to include tube delivery on the first
attempt may serve to encompass this new
perspective prioritizing the documentation of
early tube delivery as well as facilitate
comparison between emerging and prior
data reporting the traditional definition.

Furthermore, over the past decade the
success rate for intubations on first attempt
outside of the operating room or emergency
department has improved. On examination
of the reference groups of retrospective and
prospective studies, intubation on first
attempt ranged from 54% to 78% in studies
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before 2015 and then increased to a range of
75–83% afterward (Figure 1). In the two
most recent high-impact trials, intubation on
first attempt was.80% (10, 13). The
explanation for this trend toward higher
rates of intubation on first attempt is likely a
function of increased use of video
laryngoscopy, neuromuscular blockade, and
airway adjuncts and the adoption of
intubation bundles to standardize the
approach toward difficult airways (12, 14).
As the baseline for intubation on first
attempt increases, the proportion of the
outcome potentially modifiable through the
implementation of novel interventions will
shrink. Thus, investigators studying novel
airway interventions or approaches are
limited in the degree to which they can
realistically improve intubation on first
attempt. Greater sample sizes will be needed
to detect increasingly small and less clinically
significant differences.

Finally, intubation on first attempt is a
purely mechanical outcomemeasure that
does not capture the full complexity of
airway management in critically ill patients.
Importantly, this outcome does not reflect
the physiologically difficult airway, in which
the mechanical approach to intubation is
straightforward but the respiratory or
hemodynamic status of the patient is in peril.
If, for example, video laryngoscopy improves
first-pass success over direct laryngoscopy,

but the intubation time is longer and patients
are at higher risk of clinically significant
desaturation, then it would be incorrect to
conclude the superiority of video
laryngoscopy over direct laryngoscopy based
on improved rates of intubation on first
attempt alone.

Given the above-described limitations,
the identification of novel outcomes is crucial
for future emergency endotracheal
intubation studies. Alternative measures that
can be accurately reported and are clinically
significant and generalizable across
environments are needed. Such alternative
proximal outcomes may include peri-
intubation hypotension requiring
vasopressor support, hypoxemia, witnessed
aspiration of gastric contents into the
trachea, or cardiac arrest. Some outcome
measures, such as vasopressor use for
hemodynamic instability, may be extracted
from the medical record and are comparable
across various settings. Others, such as
hypoxemia or aspiration of gastric contents,
may be more difficult to standardize. Given
the known limitations of self-reported data
and the granularity needed for high-quality
studies, independent observers (such as those
used in the INTUBE study) or members of
the airway team not directly involved with
the intubation attempt may be necessary for
accurate reporting of certain outcomes (15).
This may introduce variable complexity with

respect to the reporting of outcomes. For
example, the observer may be more likely to
accurately report lowest oxygen saturation
during or after the procedure, whereas the
proceduralist would be most likely to be able
to estimate if the patient experiences
clinically significant aspiration of gastric
contents into the airway.

It is important when selecting proximal
outcomes for a study to tailor the outcome
to the intervention under investigation.
An example would be focusing on
cardiovascular instability when studying
sedatives or periprocedural hypoxemia when
examining the clinical approach to apneic
oxygenation. A further important
consideration in selecting appropriate
proximal outcomes is the need to be cautious
with the use of dichotomous variables. Many
patients undergoing emergent endotracheal
intubation may experience a dichotomous
proximal outcome (such as the use of
vasopressor support) before they are exposed
to the intervention being studied. To mitigate
this problem, the use of continuous or
ordinal outcomes, such as a change in
peripheral oxygen saturation from baseline,
may be more elucidating.

A further possibility when using
proximal events as outcomes is to combine
several into a composite outcome, such as
that used in the recently published
International Observational Study to
Understand the Impact and Best Practices of
AirwayManagement in Critically Ill Patients
(INTUBE) (15). This could support trial
design by increasing statistical power.
However, there are important drawbacks to
this approach, including the potential for
unequal clinical significance of the different
components of the outcome and therefore
statistical significance being driven by a less-
important clinical driver of the overall study
result. For instance, clinicians would agree
that a witnessed aspiration that did not lead
to clinically relevant chemical pneumonitis
or intubation of the esophagus that was
recognized without subsequent vital sign
instability is not as pertinent to patient
outcomes as hemodynamic instability
requiring vasopressor support.

Long-term outcomes may focus on
patient survival and include metrics such as
in-hospital mortality, 28-day mortality, or
organ failure–free or ventilator-free days.
These events are equally important for
clinicians as well as patients and families
and warrant consideration during larger
randomized studies on emergent
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Figure 1. First-pass success (%) over time among control or reference groups of studies on
patients in intensive care units or medical wards undergoing emergency endotracheal
intubation. Retrospective and prospective cohort studies as well as randomized controlled trials
were included. Studies were excluded if the target population was patients with cardiac arrest.
Trendline was added to demonstrate increasing first-pass success over time period examined.
The Spearman correlation coefficient between first-pass success and month of study
publication was 0.64 (P,0.05) (1, 3–5, 7–10, 12–27).
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endotracheal intubation interventions.
However, these outcomes have inherent
drawbacks because of the multitude of
factors that influence long-term outcomes
for critically ill patients. Furthermore, it
may be postulated that if a long-term
outcome is to be impacted by an
intervention during emergency intubation,
proximal outcomes such as oxygen
desaturation would also be impacted. As

interventions, including intubation
techniques, become more patient specific,
there may be further utility for studying
longer-term outcomes in depth.

Improving the outcomes of patients
undergoing emergency airway management
is an imperative for the critical care,
emergency medicine, and anesthesia
communities. Examination of published
data demonstrates that intubation on first

attempt has progressively increased over the
last two decades. For this and other reasons
described above, novel outcome measures
are needed to evaluate emergency airway
management. These measures should be
tailored to the intervention under
investigation. �

Author disclosures are available with the
text of this article at www.atsjournals.org.
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