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ABSTRACT
Study objective This study aimed to determine the
factors associated with successful endotracheal
intubation (ETI) on the first-attempt in an emergency
department.
Method We studied all of the ETI data at two urban
emergency departments over a 5-year period. We
assessed the intubator’s specialty and training level,
intubation method, device used, predicted airway
difficulty and cause of ETIs. Univariate and multivariate
logistic regression models were used to identify factors
affecting the first-attempt success (FAS) of ETI in
emergency departments.
Results A total of 1478 adult ETIs were analysed. A
multivariate logistic analysis revealed that factors such as
a non-difficult airway (OR=5.11; 95% CI 3.38 to 7.72),
senior physicians (2nd-year to 4th-year resident and
attending physicians) (OR=2.39; 95% CI 1.61 to 3.55)
and the rapid sequence intubation/induction (RSI) method
(OR=2.06; 95% CI 1.04 to 3.03) had significant
associations with the FAS for emergency medicine (EM)
physicians. For non-EM physicians, however, a non-
difficult airway was the only independent predictor of
FAS (OR=3.10; 95% CI 1.82 to 5.28).
Conclusions The predicted airway difficulty was the
major factor associated with FAS in emergency
department ETI on adults regardless of intubator’s
specialty. Especially in EM physician group, level of
training and using of RSI also affecting on first–attempt
success. The overall ETI success rate on first attempt
was 80.1%, but EM physicians had success rate of
87.3%. Systematic technical and non-technical airway
skill training focused on RSI and continuous quality
control and ETI recording could help non-EM physicians
increase their FAS rate.

INTRODUCTION
Emergency physicians are primarily responsible for
airway management in an emergency depart-
ment.1 For these physicians, there are several
methods of assessing airway difficulty, such as the
methods that are described by the mnemonic
devices LEMON1 2 and HAVNOTwhich was intro-
duced in a UK course called training in emergency
airway management.3 However, a difficult airway
is not always regarded as difficult by these
methods. In an emergency situation, airway man-
agement is difficult due to strong possibilities of
insufficient evaluation, preparation and a lack of
safe apnoea time.4–7 Though the overall success
rate of endotracheal intubation (ETI) in emergency
department has been reported to be relatively high,

repeated attempts to pass the endotracheal tube
through the glottis may increase the chance of
complications, such as hypoxia and aspiration.8

Given this, successful ETI on the first attempt is
of great importance in an emergency department
setting. The purpose of this study was to identify
factors that independently affect a successful first-
attempt of ETI in an emergency department.

METHODS
Study design and setting
This study was a prospective observational study
using data from two academic emergency depart-
ments’ airway registry. Data used for this study
were collected from March 2006 to December
2010. Both emergency departments were operating
a 4-year emergency medicine (EM) resident train-
ing program. At each emergency department, the
ETIs were performed by EM physicians and
non-EM physicians who were working in the
emergency department through the job rotation
system. Anesthesiologists were not involved in
the rotation system. The EM physicians had parti-
cipated in the emergency airway management
course and were trained. This program included
lectures, part-task training and simulation training
sessions with human patient simulator for ETIs.
Non-EM physicians received airway management
education, including lectures and part-task training
in each department.

Study population
Participants included ETI cases of adults aged
18 years and older. ETI cases involving cardio-
respiratory arrest were excluded given that in those
cases, ETI is performed immediately and preoxy-
genation or rapid sequence induction/intubation
(RSI) is not needed. Moreover in these cases the
technical skills of the intubator are of greater
importance rather than the knowledge and/or the
psychomotor skills needed for an ETI. Therefore,
the factors that affect the successful ETI on a first
attempt are expected to be different from those in
patients with a non-cardiorespiratory arrest. The
exclusion criteria also included cases in which sur-
gical methods, extraglottic devices or nasotracheal
intubation were used on the first ETI attempt
(figure 1).

Data collection
We developed a data collection form through discus-
sion and consensus with all investigators in each
emergency department and applied a common
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definition for each examination category. Before beginning data
collection, all intubators received instruction regarding the defini-
tions of all study variables and were repeatedly trained in LEMON
scoring. After performing an ETI, the intubator recorded the
intubation information on the form, and the information was
examined by the investigator in each emergency department,
which was then entered into an internet database. Authors THL
and HJC monitored the completeness of data collection during the
research period. After the completion of the data collection period,
the original data forms were reviewed by author CK.

Variables
The variables examined included the following: sex, age,
weight, the number of intubation attempts, the intubator ’s
specialty and training level, the intubation method, the devices
used in each attempt, the predicted airway difficulty based on
the mnemonic LEMON, degree of glottis exposure, success or
failure of ETI and the ETI cause. We defined one attempt as
a single insertion of the laryngoscope blade, as defined in the
National Emergency Airway Registry.4 In terms of the intub-
ation method, we used binary variable rather than categorical
one. The ETIs using sedative drugs and paralytic drugs were
classified as (RSI), and all of the other cases were classified
as non-RSIs. A predicted difficult airway was defined as a case
that satisfied more than one category of the mnemonic LEMON
(look externally, evaluate mouth opening/thyromental distance/
hyothyroidal distance, Mallampati score, obstruction and neck
mobility), which is an evaluation method that assesses difficult
orotracheal intubations.1 2 We used the Cormack-Lehane classifica-
tion to determine the degree of glottis exposure, evaluated the cor-
relation between the Cormack-Lehane scale and the airway
difficulty predicted by LEMON classification.9

Statistical methods
The statistical consultation was provided through the medical
statistical research division of our institution. SPSS 18.0K for
Windows (SPSS Inc., Illinois, USA) was used for all of the stat-
istical analyses. The p value for statistical significance was set
at 0.05. The descriptive data are presented as frequencies and
percentages. We selected the cause of ETI, predicted airway dif-
ficulty, intubator ’s specialty and training level, intubation
method, and devices used as potential factors that could influ-
ence first-attempt success (FAS). These potential factors and
the FAS rate were comparatively analysed by the χ² test. To
select variables for the final multivariate logistic regression
model, we performed a stratified analysis among independent
variables and investigated the modification factors based on
the homogeneity of the ORs. A multivariate logistic regression

analysis was performed to identify variables with independent
effects on FAS.

RESULTS
At the end of the data collection period, 1861 ETI attempts on
1478 adult non-cardiorespiratory arrest patients were recorded
(1.26 attempts per person). All patients were successfully intu-
bated within three attempts. The total FAS rate in the study
subjects was 80.1% (1184/1478).

Table 1 shows the frequencies and the success rates based on
the study variables for the first intubation attempts. The FAS
rate according to the cause for ETI was not significantly differ-
ent (p=0.147). In regard to the predicted airway difficulty,
most cases were predicted as non-difficult airway, and the
success rate was significantly higher in cases predicted non-
difficult airway (p<0.001). Regarding the device used, the FAS
rates of the video laryngoscope-using groups was significantly
higher than direct laryngoscope-using groups (p=0.001). RSI
was used in 55.5% (820/1478) of cases. The FAS rate of the
group using RSI was significantly higher than the group
without RSI (p<0.001). According to the intubator ’s specialty,
EM physicians performed 69.6% (1029/1478) of the evaluated
intubations. The FAS rate of EM physicians was higher than
non-EM physicians, which was significant (p<0.001).
Regarding the intubator ’s level of training, the most common
intubator ’s level of training was 1st-year resident, while
4th-year residents and attending physicians were the least
common. The group with 4th-year residents and attending
physicians showed the highest FAS rate, while the 1st-year resi-
dent group had the lowest. The FAS rates of junior physicians
(1st-year residents) was significantly lower than senior physi-
cians (2nd-year to 4th-year residents and attending physicians)
(p<0.001).

Table 2 shows the results of the multivariate logistic regres-
sion analysis for predicting the FAS of emergency ETIs accord-
ing to the intubator ’s specialty. For EM physicians, the OR of
FAS was 5.11 for predicted difficult airways, and this result
was statistically significant (p<0.001). The OR of FAS was
2.39 when the first intubator was a senior physician, and it

Table 1 First-attempt success rate for emergency endotracheal
intubation by associated factors.

Factors N (%) FAS (%) p Value*

Cause of ETI Medical problem 1045 (70.7) 827 (79.1) 0.147
Trauma 433 (29.3) 357 (82.4

Predicted airway
difficulty

Non-difficult 1245 (84.2) 1047 (84.1) <0.001
Difficult 233 (15.8) 137 (58.8)

Device Direct laryngoscope 1161 (78.6) 909 (78.3) 0.001
Video laryngoscope 317 (21.4) 275 (86.8)

Methods Without RSI 658 (44.5) 469 (71.3) <0.001
With RSI 820 (55.5) 715 (87.2)

Intubator’s
specialty

EM 1029 (69.6) 898 (87.3) <0.001
Non-EM 449 (30.4) 286 (63.7)

Level of training Junior physician
1st-year resident

700 (47.4) 525 (75.0) <0.001

Senior physician, all 778 (52.6) 659 (84.7)
2nd-year resident 477 (32.3) 405 (84.9)
3rd-year resident 184 (12.4) 151 (82.1)
Over 4th-year resident† 117 (7.9) 103 (88.0)

Total 1478 (100) 1184 (80.1)

*The p value was calculated by the χ² test.
†Over 4th-year resident means 4th-year resident or attending physician.
EM, emergency medicine; ETI, Endotracheal intubation; FAS, first-attempt success;
RSI, rapid sequence induction/intubation.

Figure 1 Flow diagram of the study patients enrolled. ED, emergency
department; EM, emergency medicine; ETI, endotracheal intubation.
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was statistically significant (p<0.001). The RSI method had a
significant independent effect on FAS (OR 2.06, p<0.001).
However, the device did not have a significant independent
effect on FAS. In the non-EM group, only the predicted airway
difficulty had a significant independent effect on FAS (OR 3.10,
p<0.001).

Table 3 shows the relationships between the type of pre-
dicted airway difficulty and the other factors (listed by the
intubator ’s specialty) that were significant in the univariate
analysis. When EM physicians performed ETIs in which a diffi-
cult airway was predicted, the rate of using RSI was signifi-
cantly lower and the rate of using video laryngoscope was
significantly higher than ETIs in which a non-difficult airway
was predicted.

Table 4 shows the correlation between the airway difficulty
predicted by the LEMON mnemonic and the actual glottic
opening determined by the Cormack-Lehane classification. The
results included cases in which EM physicians performed ETI
using RSI by direct laryngoscope to meet the requirements of
the best attempt as suggested by Benumof 10 and demonstrated
a sensitivity of 23.3% (17/73) and a specificity of 91.3% (388/
425).

DISCUSSION
In this study, we conducted a logistic regression analysis after
categorising the patients into two groups according to the intu-
bator ’s specialty because the level of ETI education and experi-
ence differed between EM physicians and non-EM physicians

Table 3 Association between the type of predicted airways and the other variables that were significant in the univariate analysis by the specialty
of the intubator

Prediction of the airway

Use of RSI (%) Level of training (%) Device (%)

Specialty No Yes Junior physician† Senior physician‡ DL VL

EM (n=1029) Difficult (n=167) 68 (40.7) 99 (59.3) 65 (38.9) 102 (61.1) 95 (56.9) 72 (43.1)
non-difficult (n=862) 234 (27.1) 628 (72.9) 370 (42.9) 492 (57.1) 631 (73.2) 231 (26.8)
p Value‡ <0.001 0.338 <0.001

Non-EM (n=449) Difficult (n=66) 52 (78.8) 14 (21.2) 38 (57.6) 28 (42.4) 63 (95.5) 3 (4.5)
non-difficult (n=383) 304 (79.4) 79 (20.6) 227 (59.3) 156 (40.7) 372 (97.1) 11 (2.9)
p Value‡ 0.914 0.796 0.470

†Junior physician; 1st-year resident.
‡Senior physician; 2nd-year to 4th-year resident or attending physician.
*the p value was calculated by the χ2 test.
DL, direct laryngoscope; EM, emergency medicine; RSI, rapid sequence intubation; VL, video laryngoscope.

Table 2 Adjusted ORs and 95% CIs for the factors associated with the first-attempt success rate for
emergency intubation according to the intubator’s specialty

Specialty Factors FAS (%) OR 95% CI p Value

EM (n=1029) Predicted airway difficulty
Non-difficult 787 (91.3) 5.11 3.38 to 7.72 <0.001
Difficult 111 (66.5) 1

Level of training
Senior physician* 541 (91.1 2.39 1.61 to 3.55 <0.001
Junior physician† 357 (82.1) 1

Method
With RSI 656 (90.2) 2.06 1.04 to 3.03 <0.001
Without RSI 242 (80.1) 1

Device
Video laryngoscope 266 (87.8) 1.14 0.73 to 1.78 0.563
Direct laryngoscope 632 (87.1) 1

Non-EM (n=449) Predicted airway difficulty
Non-difficult 260 (67.9) 3.10 1.82 to 5.28 <0.001
Difficult 26 (39.4) 1

Level of training
Senior physician* 118 (64.1) 1.01 0.68 to 1.50 0.966
Junior physician† 168 (63.4) 1

Method
With RSI 59 (63.4) 1.02 0.63 to 1.68 0.924
Without RSI 227 (63.8) 1

Device
Video laryngoscope 9 (64.3) 1.12 1.35 to 3.57 0.854
Direct laryngoscope 277 (63.7) 1

*Senior physician; 2nd-year to 4th-year resident or attending physician.
†Junior physician; 1st-year resident.
EM, emergency medicine; FAS, first-attempt success; RSI, rapid sequence induction/intubation.
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in our institutions. Logistic regression analysis found there is a
difference between groups by intubator ’s specialties in regards
to factors affecting FAS.

In the EM physician group, the intubator ’s training level, the
predicted airway difficulty and the use of RSI did significantly
affect the FAS. However, in the non-EM physician group, pre-
dicted airway difficulty was the only significant factor affecting
a successful first attempt at ETI. The FAS rate did not increase
significantly even when performed by a senior physician or
when an RSI method was used. We believe that these physi-
cians could not have become advanced intubators in 1 year.
Moreover, many were not accustomed to RSI because they had
fewer experiences with emergency ETIs using an RSI method
and had fewer opportunities for systematic ETI education
including RSI and feedback when compared with EM physi-
cians. In this study, EM physicians received feedback through
the ETI record whether or not they made a mistake in their
practice. Furthermore, they completed well-designed airway
training programs, including technical and non-technical skill
training with high-fidelity simulation when they were junior
physicians.11 Some authors have emphasised regular training
sessions and training with high-fidelity simulations to improve
emergency airway management and teamwork.12 13 Therefore,
it is thought that systematic education for ETI, including simu-
lations and intubation quality control through the ETI record,
could help non-EM physicians increase their FAS rates.

RSI is required in the absence of contraindications because
it is known to raise ETI success rate.4 6 7 14 15 In our study
however, RSI was not used in 44.5% of cases because the physi-
cians in our institutions, especially non-EM physicians, still
prefer an awake technique using only a sedative agent, which is
consistent with findings in similar regions to our institutions.16

But this RSI using rate is considerably lower than other previous
studies.4 7 14 Moreover, if a patient is likely to be adequately ven-
tilated with a bag valve mask, a predicted difficult airway is not
a contraindication for RSI.1 In this study, the RSI method had
an independent effect on FAS regardless of predicted airway dif-
ficulty. However, the RSI rate of EM physicians was significantly
lower in predicted difficult airways. It is likely that the concern
about a ‘can’t intubate, can’t oxygenate’ situation may be a
reason for this discrepancy. But not all of predicted difficult
airways are ‘can’t intubate, can’t oxygenate’ situations, and this
disastrous situation is very rare and can be overcome by prepar-
ing for rescue ventilation, such as the Combitube, Intubating
laryngeal mask airway (I-LMA) or cricothyrotomy.1 Therefore,
we believe that we will have to use the RSI method more
actively despite predicted difficult airway.

In this study, the overall FAS rate was 80.1%, which is con-
sistent with previously reported success rates.7 14 17, However,
the FAS rate was lower (137/233, 58.8%) in situations in which
a difficult airway was predicted, and predicted airway difficulty
had a significant independent effect on FAS in a logistic regres-
sion analysis. Thus, identification of a difficult airway is a key
component of emergency airway management. The mnemonic
device LEMON is useful in identifying a difficult airway as
quickly as possible to meet the demands of an emergency situ-
ation.1 2 In this study, the specificity of LEMON for predicting
the grade of actual glottis opening was relatively high (91.3%).
Therefore, there is a high probability that the airway is actually
difficult if predicted by LEMON. However, 12.6% of predicted
non-difficult airway cases were in fact difficult, therefore we
recommend that all ETIs in emergency departments be
assumed as difficult.

LIMITATIONS
There are several limitations of our study. First, this study used
registry data on ETIs performed at just two academic emer-
gency departments. Thus, our results may not be representative
of academic emergency departments’ environments in Korea.
Second, There are also unmeasured potential confounders,
including medication, obesity, disease severity, etc. Third,
because this study was primarily based on a registry kept by
the intubators, there may have been self-reporting biases, such
as under-reporting of failures.

CONCLUSION
Predicted airway difficulty was the major factor associated
with FAS in emergency department ETIs on adults regardless
of the intubator ’s specialty. Especially in the EM physician
group, the level of training and the use of RSI also affected the
FAS rate. The overall ETI success rate on the first attempt was
80.1%, but EM physicians had a success rate of 87.3%.
Systematic technical and non-technical airway skill training
that is focused on RSI and continuous quality control with ETI
recording could help non-EM physicians increase their FAS
rates.
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