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Objectives: Endotracheal intubation is most commonly taught and performed in the supine position. Recent
literature suggests that elevating the patient's head to a more upright position may decrease peri-intubation
complications. However, there is little data on the feasibility of upright intubation in the emergency department.
The goal of this studywas tomeasure the success rate of emergencymedicine residents performing intubation in
supine and non-supine, including upright positions.
Methods: This was a prospective observational study. Residents performing intubation recorded the angle of the
head of the bed. The number of attempts required for successful intubation was recorded by faculty and
espiratory therapists. The primary outcome of first past success was calculated with respect to three groups:
0–10° (supine), 11–44° (inclined), and ≥45° (upright); first past success was also analyzed in 5 degree angle
increments.
Results: A total of 231 intubations performed by 58 residents were analyzed. First pass success was 65.8% for the
supine group, 77.9% for the inclined group, and 85.6% for the upright group (p = 0.024). For every 5 degree
increase in angle, there was increased likelihood of first pass success (AOR = 1.11; 95% CI = 1.01–1.22, p =
0.043).
Conclusions: In our study emergency medicine residents had a high rate of success intubating in the upright
position. While this does not demonstrate causation, it correlates with recent literature challenging the
traditional supine approach to intubation and indicates that further investigation into optimal positioning during
emergency department intubations is warranted.

© 2017 Elsevier Inc. All rights reserved.
Keywords:
Upright
Intubation
Laryngoscopy
1. Introduction

Endotracheal intubation via direct laryngoscopy has been an impor-
tant procedure in medicine since the late 19th century [1-3]. While
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commonly performed in intensive care units (ICUs), emergency depart-
ments (EDs), and even procedural suites, much of what we know about
endotracheal intubation comes from anesthesiology experience in the
operating room (OR) andmuch of the practiced technique is historically
driven by operative management. Most commonly, this involves supine
patient positioning. Furthermore, while there have been significant ad-
vances in technology, including the advent of video laryngoscopy,many
aspects of the procedure have remained unchanged for more than a
century.

Endotracheal intubation in the ED, often done emergently, in
contrast to the controlled context of the OR, has a higher incidence of
complications (e.g., hypoxemia, aspiration, and hypotension) and diffi-
cult intubation [4-11]. Increasingly reports of “bundled interventions”,
“process control” of induction sequence, and even patient positioning
ositioning and intubation success rates at two academic emergency
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have been levied as means to reduce complications associated with
emergent endotracheal intubation [6,12-14]. Head-elevated positioning
has been shown to improve pre-oxygenation in both obese and non-
obese patients [14-17], improve glottic view [18], and reduce complica-
tions of intubation [14]. However, data regarding the effect of patient
positioning on success rates of emergent endotracheal intubation in
an ED environment are lacking.

The goal of this study was tomeasure the success rate of emergency
medicine (EM) residents performing intubation in supine and non-su-
pine, including upright positions. We also sought to measure provider
satisfaction and complication rates with endotracheal intubation in an
upright position.

2. Methods

2.1. Study design and setting

This was a prospective observational study conducted at two
academic teaching hospitals affiliated with the Indiana University
Emergency Medicine Residency program. The Sidney and Lois Eskenazi
Hospital is a county hospital with approximately 100,000 patient visits
annually. Indiana University Health Methodist Hospital is a tertiary
referral center, also with approximately 100,000 patient visits annually.
Data collection occurred from July 17, 2014 – July 16, 2015. The study
was approved by the Indiana University Institutional Review Board..

2.2. Population

Prior to initiation of the study, the concept of intubation with the
head of the bed elevated to 45° was introduced to residents and faculty
at department-wide meetings. A video demonstration was sent to the
entire department. Residents participated in a brief practice session in
which they intubated a high-fidelity adultmannequin (Laerdal SimMan
3G – Stavanger, Norway) in the 45 degree position (Fig. 1). Residents
who would be performing intubations and supervising faculty were in-
vited to participate in the study on a voluntary basis. All participating
residents and supervising faculty signed informed consent statements
and attested to watching the demonstration video.
Fig. 1. Practice intu
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Intubation events that were eligible for data collection included
adult medical intubations performed at participating hospitals in
which the intubating resident and supervising faculty both consented
to study participation. Pediatric, obstetric, and trauma patients were
excluded.
2.3. Study protocol

Study packetswere attached to airway trays in the participating EDs.
Each packet contained a tool for measuring the angle of the head of the
bed, faculty and resident pre-intubation surveys, a stopwatch, a sheet
for the nurse to record the procedure time, and post-intubation surveys
for the resident, faculty, and respiratory therapist (RT). Pre-intubation
surveys for the resident and faculty contained a single question which
asked about anticipated difficulty of intubation based on overall clinical
gestalt on a three point scale: easy, intermediate, or difficult (Table 1).

Residents were asked to set the head of the patient's bed to a posi-
tion of their choosing. They were instructed to choose without regard
to anticipated difficulty of intubation, and to vary position throughout
the course of the study. Prior to intubation, if time allowed, residents
were asked to use the tool to measure and record the angle of the
head of the bed with respect to the floor and fill out the pre-intubation
surveys. If the urgency of the procedure did not allow recording of the
angle prior to the intubation attempt, they were asked to record it im-
mediately after the procedure. Following the procedure, residents, fac-
ulty, and RTs were asked to fill out the post-intubation surveys.
Resident surveys included questions regarding angle of intubation,
whether position was changed during the procedure, type of blade
used, best Cormack-Lehane (CL) view obtained during the procedure,
best Percent of Glottic Opening score obtained during procedure, and
satisfaction on a three point scalewith patient positioning (not satisfied,
somewhat satisfied, very satisfied). Faculty and RT post-intubation sur-
veysweremodified versions of airway evaluation forms already used by
the residency program. Data that were extracted from these cards in-
cluded number of attempts needed for successful intubation, starting
and lowest oxygen saturation, and presence of adverse events (esopha-
geal intubation or cardiac arrest) (Table 1).
bation at 45°.
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Table 1
Survey data points.

Resident Faculty RT

Pre-intubation
How difficult expect intubation to be X X

Post-intubation
Angle of head of bed (first and successful attempt) X
Did you change position during the intubation? X
Indication for intubation X
Blade type (first attempt and successful attempt) X
Best Cormack-Lehane view obtained X
Percent of glottic opening visualized X
Satisfaction with patient position X
Number of attempts X X
Starting SpO2 X X
Lowest SpO2 X X
Adverse events X X

RT = respiratory therapist.
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Additional data including patient demographics and 5-day out-
comes were obtained through chart review.

2.4. Outcome measures

The primary outcome of interest was successful endotracheal in-
tubation on first attempt. An attempt was defined as the act of plac-
ing the laryngoscope blade in the patient's oropharynx. At the
beginning of the study residents, faculty, and RTs were educated on
this definition. Periodic pre-planned reminders of this definition
were sent throughout the study duration. In cases in which the facul-
ty and RT recorded a different number of attempts, parties were
contacted and after discussion to determine what had happened, a
consensus on number of attempts was reached. If consensus could
not be reached after discussion, data for that intubation were exclud-
ed from final analysis.

Secondary outcomes included overall success rate of endotrache-
al intubation, time required for intubation, esophageal intubation,
cardiac arrest within 30 min of the intubation attempt, decrease in
oxygen saturation during the procedure, best Cormack-Lehane
view obtained during the procedure, best Percent of Glottic Opening
(POGO) score obtained during the procedure, resident satisfaction
with patient positioning, death in the ED, death within 5 days of in-
tubation, and new pneumonia developing within 5 days of
intubation.

Total procedure time was measured by a nurse with a stopwatch.
The timer was started when the resident first began to insert the
laryngoscope blade into the mouth and was stopped when either
color change on colormetric end-tidal CO2 detector or bilateral
breath sounds was announced, whichever came first. Decrease in
oxygen saturation was calculated as the difference between starting
saturation and lowest saturation as recorded by faculty and RT. In
cases where two different numbers were recorded, the greater dif-
ference was used.

Death within 5 days was analyzed according to 3 possible out-
comes: no death, death due to withdrawal of care, or death despite
continued medical care. New pneumonia within 5 days was also an-
alyzed according to 3 possible outcomes: no pneumonia, pneumonia
occurring prior to intubation attempt, or pneumonia developed
subsequent to the intubation attempt. Diagnosis of pneumonia was
made by reviewing chest radiographs in the days following the intu-
bation attempt and (when available) prior to the intubation attempt,
as well as reviewing ICU charts for a diagnosis of pneumonia. In cases
of new infiltrate, ED and ICU charts were reviewed for documenta-
tion of suspected aspiration prior to the intubation attempt. When
clear documentation of such was determined by consensus of study
Please cite this article as: Turner JS, et al, Feasibility of upright patient p
departments, American Journal of Emergency Medicine (2017), http://dx.
investigators, the outcome was considered a pneumonia occurring
prior to intubation attempt. All other pneumonias not present on a
pre-procedure radiograph were considered new pneumonias.

2.5. Data analysis

Since gaps in data collection were anticipated due to the difficulty
collecting information during an emergent procedure, investigators de-
fined at the beginning of the study the data required for the intubation
encounter to be included in final analysis. This included patient medical
record number, the angle of head position, and number of attempts as
recorded by either faculty or RT.

Patient positionwas divided into three groups for data analysis: 0–10°
(“supine” group), 11–44° (“inclined” group), and ≥45° (“upright” group).
We used chi-square tests and analysis of variance (ANOVA) models to
determine if patient characteristics differed by the three position groups.
When testing the association between patient position and other charac-
teristics with the primary and secondary outcomes, we used mixed
effects models (linear and logistic). The mixed effect models contained
fixed effects for patient characteristics and a random effect for resident
to account for the clustering of patients intubated by the same resident.
We modeled the effect of position (supine, inclined, upright) two differ-
ent ways, using position as either a classification variable or ordinal vari-
able. TheORs fromboth sets ofmodelswere similar sowe only report the
model using the ordinal classification. Additionally, we ran mixed-effect
logistic regression models using degrees increase in head position in
place of the 3 defined groups. Several variables were recoded for mixed
effects logistic regression analysis due to either small cell sizes or ex-
tremely skewed data. Satisfaction was recoded as very satisfied versus
not satisfied/somewhat satisfied and CL view was recoded as I versus II,
III, and IV. Saturation decrease was recoded to any saturation decrease
versus no saturation decrease since over 50% of cases had no saturation
decrease. The POGO score was recoded as a score of 100 versus a score
b100 since 60% of cases had a POGO score of 100.

3. Results

3.1. Characteristics of study subjects

A total of 67 residents consented to participate in the study and 58 of
these residents submitted data. Participating residents performed a
range of 1–12 intubations. There were 38 residents that submitted
three or more intubations, and 31 of these residents submitted intuba-
tions in multiple positions. Residents were supervised by 60 different
consenting faculty. There were 253 data packets submitted over the
course of the study. Of these, 15were excluded because theyweremiss-
ing thepredefined required data, and 4were excluded because theymet
exclusion criteria (all 4 were trauma patients). One entry was deter-
mined to be a duplicate and one entry was excluded because the faculty
performed the intubation rather than the resident. Of the remaining 232
intubations, 164 reporteddata onfirst past success fromboth the faculty
and the RT, while 68 included only one data point on first-pass success.
For 8 intubations there were discrepancies between faculty and RT on
whether there was first-pass success; 7 of these discrepancies were re-
solved by discussion with the involved parties, while in 1 case the dis-
crepancy could not be resolved and the data was therefore excluded.
This left 231 intubations for final data analysis (Fig. 2). For the 7 discrep-
ancies in which a resolution was reached, 2 were determined to have
succeeded on first pass while 5 were determined to have required mul-
tiple attempts. Study investigators were the supervising faculty in 36 of
the intubations (8 supine, 11 inclined, and 17 upright).

3.2. Main results

Residents intubated 38 patients in the supine position (16%), 68 in
the inclined position (29%), and 125 in the upright position (54%).
ositioning and intubation success rates at two academic emergency
doi.org/10.1016/j.ajem.2017.02.011

http://dx.doi.org/10.1016/j.ajem.2017.02.011


Fig. 2. Data enrollment. RT = respiratory therapist.
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Distribution of the angle of the head of the bed can be found in Fig. 3.
Patient demographics and relevant information about the intubations
can be found in Table 2. There were significant differences between
groups with respect to indication for intubation, sedative used, and par-
alytic used. On further analysis, these measures were not associated
with likelihood of first-pass success. Additionally, 5 patients in the su-
pine group were undergoing active cardiopulmonary resuscitation
(CPR) at the time of intubation, comparedwith 1 patient in the inclined
group and 0 patients in the upright group. There were no significant
Fig. 3. Angle of head of t
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differences between groups in terms of gender of the patient, resident
level, blade used, bougie use, predicted difficulty from the resident,
predicted difficulty from the faculty, preceding hypoxia, comorbidities,
home oxygen use, patient age, patient weight, or patient body mass
index (BMI).

Results for primary and secondary outcomes are presented in
Table 3. For the primary outcome, first pass success rates were higher
in the upright group than in the supine and inclined groups, and the
difference was statistically significant. When adjusting for other
he bed distribution.
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Table 2
Comparison of patient characteristics across the 3 position groups.

0–10
(n = 38)

20–40
(n = 68)

45+
(n = 125)

Overall
(N = 231) p-Value

% Male 52.6 48.5 46.4 48.0 0.794
Indication 0.004

% Altered mental
status

44.7 57.3 52.0 52.4

% Respiratory failure 23.7 23.5 36.0 30.3
%
Cardiovascular/shock

23.7 7.4 5.6 9.1

% Angioedema 5.3 0.0 2.4 2.2
% Gastrointestinal
bleed

0.0 10.3 2.4 4.3

% Facilitate
procedure

2.6 1.5 1.6 1.7

Resident level 0.926
% 1st year 13.2 7.4 10.4 10.0
% 2nd year 60.5 48.5 44.8 48.5
% 3rd year+ 26.3 44.1 44.8 41.6

Blade type 0.423
MacIntosh 78.9 82.4 73.6 77.1
Miller 0.0 2.9 2.4 2.2
Glidescope 15.8 14.7 17.6 16.4
C-Mac 5.3 0.0 6.4 4.3

Laryngoscopy type 0.315
% Direct 79.0 85.3 76.0 79.2
% Video 21.0 14.7 24.0 20.8

% Bougie use 7.9 4.4 7.2 6.5 0.701
Resident pre-difficulty
(n = 225)a

0.754

% Easy 36.1 37.9 41.5 39.6
% Intermediate 50.0 54.5 51.2 52.0
% Hard 13.9 7.6 7.3 7.3

Faculty pre-difficulty
(n = 210)a

0.669

% Easy 31.2 43.3 44.9 42.4
% Intermediate 59.4 48.3 44.9 48.1
% Hard 9.4 8.3 10.2 9.5

% CPR during
procedure

13.2 1.5 0.0 2.6 b0.001

% Hypoxic prior
attempt

13.5 14.9 13.6 14.0 0.965

% Asthma 2.6 2.9 5.6 4.3 0.586
% COPD 29.0 32.4 28.0 29.4 0.816
% CHF 21.0 16.2 19.2 18.6 0.801
% ESRD 5.3 11.8 4.8 6.9 0.173
Home oxygen use 0.379

% No 94.7 86.8 91.1 90.4
% Yes 5.3 13.2 8.9 9.6

Sedative (n = 229)a 0.001
% Etomidate 84.2 85.1 74.2 79.0
% Ketamine 2.6 7.5 21.8 14.4
% Propofol 0.0 1.5 1.6 1.3
% Midazolam 0.0 3.0 1.6 1.8
% None 13.2 3.0 0.8 3.5

Paralytic (n = 229)a 0.005
% Succinylcholine 44.7 40.3 48.4 45.4
% Rocuronium 42.1 55.2 50.8 50.7
% Cisatricurium 0.0 1.5 0.8 0.9
% None 13.2 3.0 0.0 3.1

Mean age (SD) 58.1
(15.9)

57.1
(14.7)

55.6
(16.7)

56.4 (15.8) 0.916

Mean weight, kg (SD) 80.2
(21.5)

84.6
(30.7)

85.8
(30.4)

84.6 (29.2) 0.910

Mean BMI (SD) 27.0
(6.7)

28.9
(8.8)

30.3
(10.2)

29.4 (9.4) 0.236

CPR = cardiopulmonary resuscitation; COPD = chronic obstructive pulmonary disease;
CHF= congestive heart failure; ESRD=end-stage renal disease; BMI= bodymass index.

a When (n) is listed, datawas incomplete and (n) is thenumber of encounters forwhich
data was available. For all data points inwhich it is not listed, datawas available for all 231
encounters.

Table 3
Results for primary and secondary outcomes.

0–10
(n = 38)

20–40
(n = 68)

45+
(n = 125)

Overall
(N = 231) p-Value

% First pass success 65.8 77.9 85.6 80.1 0.039
% Overall success 100.0 98.5 99.2 99.1 0.817
% Esophageal
intubation

5.3 4.4 3.2 3.9 0.823

% Cardiac arrest within
30 min

7.9 0.0 0.8 1.7 0.018

CL view (n = 227)a 0.749
% I 54.1 58.2 62.6 59.9
% II 29.7 31.3 33.3 32.2
% III 16.2 9.0 4.1 7.5
% IV 0.0 1.5 0.0 0.4

Satisfaction
(n = 224)a

0.293

% Not satisfied 0.0 3.0 0.8 1.3
% Somewhat satisfied 33.3 27.3 18.0 23.2
% Very satisfied 66.7 69.7 81.2 75.5

% Died in the ED 5.3 2.9 0.0 1.7 0.102
Death at 5 days 0.141

% Alive 81.6 82.4 91.2 87.0
% Died – withdrew
care

15.8 14.7 7.2 10.8

% Died – continued
treatment

2.6 2.9 1.6 2.2

Pneumonia 0.731
% No pneumonia 63.2 66.2 69.6 67.5
% Pneumonia prior 21.0 22.1 24.0 22.9
% New pneumonia 15.8 11.8 6.4 9.5

Mean saturation
decrease (SD)
(n = 192)a

5.9
(10.8)

5.2
(11.8)

5.5 (14.2) 5.5 (13.1) 0.912

Mean POGO view (SD)
(n = 221)a

76.5
(34.5)

79.4
(32.4)

83.9
(26.0)

81.4 (29.4) 0.354

Mean time in seconds
(SD) (n = 190)a

65.5
(65.0)

74.4
(95.6)

72.6
(111.3)

72.2
(101.3)

0.923

a When (n) is listed, datawas incomplete and (n) is thenumber of encounters forwhich
datawas available. For all data points inwhich it is not listed, data was available for all 231
encounters.
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variables including resident experience level, patient age, patient
BMI, patient gender, and use of direct versus video laryngoscopy,
this difference remained statistically significant. Specifically, for
each position increase (supine to inclined, inclined to upright),
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there was an increased odds of first pass success (AOR = 1.75, 95%
CI = 1.04–2.95) (Table 4). For each 5 degree increase in head posi-
tion, there was a statistically significant increase in the odds of first
pass success (AOR = 1.11, 95% CI = 1.01–1.24). Resident level was
significantly associated with likelihood of first pass success, with
more experienced residents having higher rates of first pass success.
Patient gender was also associated with first pass success, with male
patients being more difficult to intubate than female patients (OR
0.37, 95% CI 0.16–0.87). There was a trend toward increased likeli-
hood of success with video laryngoscopy compared with direct lar-
yngoscopy, though this did not reach statistical significance.

There were 6 intubations performed during ongoing CPR (5 supine
and 1 inclined). Excluding these 6 cases, position was still associated
with first pass success (p = 0.034). However, after excluding these
cases and subsequently adjusting for demographics, the first pass suc-
cess was only marginally different by position (p = 0.062).

In terms of secondary outcomes, post-intubation cardiac arrest
within 30 min of the procedure occurred more often in the supine
group compared with the inclined and upright groups (p = 0.006).
There was no significant difference in rates of esophageal intubation,
view obtained, 5-day mortality, development of new pneumonia, oxy-
gen saturation decrease, or time to intubation with respect to position.
A higher percentage of residents reported being very satisfied with
the upright position compared to the supine and inclined positions,
though this did not meet statistical significance.

For secondary outcomes, increased BMI (p= 0.031), pre-procedure
hypoxia (p = 0.034), and decreased resident experience (p = 0.051)
were associated with significantly increased levels of desaturation.
Video laryngoscopy (p = 0.057) and female patient gender (p =
ositioning and intubation success rates at two academic emergency
doi.org/10.1016/j.ajem.2017.02.011
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Table 4
Logistic regression results on first pass success.

Supine, inclined, upright 5 degree angle increments

AOR (95% CI) p-Value AOR (95% CI) p-Value

Intubation position 1.75 (1.04, 2.95) 0.036 1.11 (1.01, 1.24) 0.038
Resident level

3rd year vs 1st, 2nd year 2.69 (1.06, 6.83) 0.038 2.34 (1.01, 6.10) 0.049
Pt age 1.03 (0.99, 1.05) 0.093 1.02 (0.99, 1.05) 0.113
Pt BMI 0.97 (0.93, 1.01) 0.131 0.98 (0.93, 1.01) 0.140
Pt male 0.37 (0.16, 0.87) 0.023 0.44 (0.18, 0.85) 0.017

Blade type
Video vs. direct 2.83 (0.91, 8.78) 0.071 2.34 (0.92, 7.83) 0.069

Position 0 = supine; Position 1 = inclined; Position 2 = upright.
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0.039) were associated with improved Cormack-Lehane view, and
video laryngoscopy (p = 0.061) was marginally associated with im-
proved POGO score. Third year residentsweremore likely to be satisfied
with the procedure compared to second or first year residents (p =
0.032). There were no statistically significant differences in 5-day
mortality or rates of new pneumonia.

4. Discussion

In our study emergencymedicine residents intubating patients with
the head of the bed elevated to 45° or higher had a high rate of first past
success and high rates of satisfaction with patient positioning. Impor-
tantly, residents received only very brief training and practice with the
technique prior to participating in the study. It is possible that with ad-
ditional training and experience, the rate of success would have been
higher.

There are a number of potential advantages to intubating with the
head of the bed in an upright position. Khandelwal et al. found that
intubating with the head of the bed elevated above 30° was associated
with decreased peri-intubation complications, in particular decreased
rates of hypoxemia and aspiration [14]. Upright positioning in the pre-
oxygenation period has been associated with longer times to
desaturation [15-17]. Standard care in patientswith intracranial hemor-
rhage and elevated intracranial pressure is to keep the head of the bed
elevated, and one could hypothesize a benefit to maintaining this posi-
tion throughout the intubation procedure. Most importantly, emerging
evidence suggests that head-elevated positioning may be associated
with improved glottic views in both simulated [19] and OR environ-
ments [18], suggesting that this techniquehas thepotential to help facil-
itate successful endotracheal intubation. This is important as first pass
success is associatedwith lower rates of adverse events thanwhenmul-
tiple attempts are needed [20].

Consequently, there will likely be increasing use of upright position-
ing in a variety of care settings. To our knowledge, our study is the first
to report on the feasibility of this technique in the ED.We found upright
positioning had higher rates of first past success compared with the tra-
ditional supine position. The observational nature of our study intro-
duces selection bias and a number of potential confounders, limiting
what conclusions may be drawn.

We attempted to account for selection bias by collecting data on
patient characteristics and procedure elements that could influence
intubation difficulty.We also compared faculty and resident pre-intuba-
tion predictions of difficulty of the procedure. The groups were similar
with respect to anticipated difficulty of intubation, as well as most
patient-specific and procedure-specific variables. When differences
between the groups did exist, such as sedative and paralytic use, the
variables did not have an association with first past success. Further-
more, we used logistic regression to adjust for other variables that po-
tentially could influence success and the results for the primary
outcome remained statistically significant.

Nevertheless, there are potentially other important confounders
that we did not account for, and it is possible that when residents
Please cite this article as: Turner JS, et al, Feasibility of upright patient p
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chose the position they were motivated by other variables that could
influence likelihood of success butwere not captured in our data. In par-
ticular, while it did not reach statistical significance, a larger percentage
of patients in the supine group were intubated for cardiovascular dys-
function and potentially were more unstable. Additionally, there were
5 cases of ongoing CPR in the supine group and none in the upright
group. When these cases were removed from analysis there was still a
statistically significant association between position and first pass suc-
cess, though this association lost statistical significance when also
adjusting for additional demographic factors.

Another limitation of our study is that all eligible intubations were
not captured. The institutions involved in the study do not have a
central mechanism for tracking data on all emergency department intu-
bations so we do not know how many intubations were missed. Based
on resident procedure tracking, we estimate that we captured approxi-
mately half of all eligible intubations. It is possible that intubations that
were missed differed in some way from those that were captured, and
therefore the results might not be generalizable to those intubations.

Thefirst pass success rate of 65.8% in the supine group in our study is
lower than reported first past success rates in other studies, which
generally range from 70 to 90% [20-22]. This may suggest that there
are factors that we did not capture that made the intubations in our su-
pine groupmore difficult. However, this difference could also be related
to methods of data collection. Most previous studies reporting EM resi-
dent success rates rely on self-reporting of number of attempts by the
intubator. We used a strict definition of attempt with frequent re-
minders to observers and two observers per case in an effort to make
sure all attemptswere counted. The fact that therewere 7 discrepancies
in our data set and in 5 of these cases it was determined that there were
multiple attempts suggests that in general attempts may be
underreported in intubation studies. Use of video recording and review
by independent observers may provide more accurate data in future
studies.

These limitations prevent us from conclusively attributing the differ-
ences in first pass success to patient position. Nevertheless, our study
demonstrates that upright intubation is feasible in the ED with high
rates of success and intubator satisfaction. Combinedwith emerging lit-
erature suggesting this technique is associated with improved glottic
views and decreased complications, it indicates that this is a topic that
warrants further study. In particular, a randomized control trial would
help limit selection bias.

Other factors that were associated with an increased likelihood of
first pass success in our study include increased resident experience
level and patient gender. The association between male gender and in-
creased difficulty of intubation has been previously reported [23-25],
but is underexplored in the literature. Further investigation into gen-
der-related differences would also be helpful.

5. Conclusions

Our study adds to a growing body of evidence that there are advan-
tages to performing endotracheal intubation in an upright rather than
ositioning and intubation success rates at two academic emergency
.doi.org/10.1016/j.ajem.2017.02.011
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the traditional supine position. To our knowledge, this is the first pro-
spective study examining success rates of upright endotracheal intuba-
tion in the ED. High success rateswith upright positioning suggest this is
an area that deserves further study. A randomized control trialwould be
the next step to more conclusively measure the benefits of upright
intubation.
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