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Aim: It remains unclear whether physicians should change intubation approaches after the failed first attempt. We aimed to deter-
mine the rescue intervention approaches associated with a higher success rate at the second attempt in the emergency department
(ED).

Methods: We analyzed the data from a prospective, multicenter, observational study — the second Japanese Emergency Airway
Network Study. The current analysis included all patients who underwent emergency intubation from February 2012 through Novem-
ber 2017. We defined a rescue intubation attempt as a second intubation attempt with any change in intubation approaches (i.e.,
change in methods, devices, or intubators) from the failed first attempt. The outcome measure was second-attempt success.

Results: 0f 2,710 patients with a failed first attempt, 43% underwent a second intubation attempt with changes in intubation
approach (i.e., rescue intubation). Rescue intubation attempts were associated with a higher second-attempt success rate compared
to non-rescue intubation attempts (adjusted odds ratio [OR], 1.78; 95% confidence interval [Cl], 1.50-2.12). The rescue intubation
approaches associated with a higher second-attempt success were changes from non-rapid sequence intubation (RSI) to RSI (adjusted
OR, 2.04; 95% Cl, 1.12-3.75), from non-emergency medicine (EM) residents to EM residents (adjusted OR, 2.02; 95% Cl, 1.44-2.82), and
from non-EM attending physicians to EM attending physicians (adjusted OR, 2.82; 95% Cl, 2.14-3.71).

Conclusions: In this large multicenter study, rescue interventions were associated with a higher second-attempt success rate. The
data also support the use of RSl and backup by EM residents or EM attending physicians to improve the airway management perfor-
mance after a failed attempt in the ED.
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BACKGROUND higher failure rates at subsequenF atten?pts, lov.ver incidence
rate of return of spontaneous circulation during the early
IRWAY MANAGEMENT IS one of the most critical resuscitation, and prolonged time to achieve return of spon-

interventions in the emergency department (ED). taneous circulation.'™ Tt is important to successfully intu-
Recent evidence has also indicated that repeat intubation bate patients at the second attempt with an optimized rescue
attempts are associated with a higher risk of adverse events, strategy.

1The Japanese Emergency Medicine Network Investigators are listed in Appendix I.
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Previous studies have described the characteristics of sec-
ond intubation attempts in the ED®7 and reported factors con-
tributing to the second-attempt success rate."®° However,
these studies were based on the assumption that a repeat
attempt alone could lead to intubation success, and did not dif-
ferentiate these repeat attempts from the attempts with an opti-
mization of intubation approaches. Despite the clinical
importance, it remains largely unclear whether and how emer-
gency physicians should change intubation approaches to
improve the intubation performance after a failed first attempt.

In this context, using a large, multicenter dataset, we
aimed to test the hypothesis that a rescue intubation is asso-
ciated with a higher second-attempt success compared to a
non-rescue intubation attempt.

METHODS

Study design and setting

E ANALYZED THE data from a prospective, multi-

center, observational study of emergency airway
management, the second Japanese Emergency Airway Net-
work (JEAN-2) study. This study was designed to character-
ize current emergency airway management across Japan. A
complete description of the study methodology has been
described previously.'' In summary, JEAN-2 is a consor-
tium of 15 academic and community medical centers from
different geographic regions across Japan. The participating
institutions included 12 critical medical care centers and had
an average ED census of 28,000 patient visits/year (range
1,000—65,000). The institutional review board at each partic-
ipating institution approved the study with a waiver of
informed consent.

Selection of participants

The study prospectively collected the information on all
pediatric and adult patients who underwent emergency intu-
bation at one of the participating EDs from February 2012
through November 2017. Among these patients, those who
underwent a second intubation attempt after a failed first
attempt were eligible for the current analysis. We excluded
the patients in whom the first attempt was not undertaken
through an oral route, those who died before the second
attempt, and those with unknown method, device, or intuba-
tor characteristics.

Data collection and processing

After each intubation, the intubator completed a standardized
data collection form that included the patient’s age, sex,

estimated weight and height, primary indication for intubation,
markers of difficult airway, methods of intubation, devices
and medications used at each attempt, level of training and
specialty of the intubator, number of intubation attempts, intu-
bation success or failure, and associated adverse events.'®
We used the modified LEMON criteria (score 1 or more) as
the marker of difficult intubation.'' We monitored compliance
with data form completion. An intubation attempt was defined
as single insertion of the device past the teeth. An attempt was
successful if it resulted in an endotracheal tube being placed
through the vocal cords. When the data collection item was
missing, the involved physicians were interviewed by site
investigators to ascertain the airway management details.

Study exposure — rescue intubation attempt

In this study, a “rescue intubation attempt” was defined as a
second intubation attempt with any change in intubation
approaches, that is, a change in methods, devices, and/or
intubators after a failed first attempt."®'? In contrast, a
“non-rescue intubation attempt” was defined as a second
attempt using the same methods, devices, and intubators as
the first attempt. The methods were categorized into rapid
sequence intubation (RSI), surgical intubation (cricothyro-
tomy/tracheotomy), and other methods. The devices were
grouped into direct laryngoscope (DL), video laryngoscope
(VL), combination of a gum elastic bougie with DL or VL,
and other devices. Intubators’ specialties were categorized
as transitional-year resident (post-graduated year 1 or 2),
emergency medicine (EM) resident, EM attending physi-
cian, and other specialties.

Outcome measure

To determine the factors associated with a higher rescue
attempt success, we examined the second-attempt success
after a failed first attempt.®

Data analysis

In the current study, we constructed three logistic regression
models. First, to test the hypothesis that a rescue attempt
(compared to a non-rescue attempt) is associated with a
higher second-attempt success, we modelled any change in
intubation approaches as the exposure variable (unadjusted
model 1). Second, to determine which rescue approach(es)
is associated with successful second attempts, we modelled
any change in methods, devices, and specialties of the intu-
bators as the exposure variables (adjusted model 2). Third,
to yield more granular information on the approaches associ-
ated with successful second attempts, we included the
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Table 1. Characteristics of patients with a failed first intuba-
tion attempt

Second intubation P-value
attempt (n = 2,710)

Variables

Rescue Non-rescue
attempt attempt
(h=1,167) (n = 1,543)

Age, years; median (IQR) 68 (52-79) 71 (55-80) 0.006
Age category, years
<18 33 (3) 71 (5) 0.004
19-39 104 (9) 108 (7)
40-64 356 (31) 405 (26)
65-84 545 (47) 760 (49)
>85 127 (11) 196 (13)
Sex
Male 760 (65) 973 (63) 0.270
Female 407 (35) 570 (37)
Indication
Cardiac arrest 439 (38) 630 (41) 0.040
Medical indication 589 (50) 770 (50)
Trauma 139 (12) 143 (9)
Score of modified LEMON criteria
0 478 (41) 723 (47) 0.002
>1 689 (59) 820 (53)
Method at first attempt
Rapid sequence 254 (22) 366 (24) 0.052
intubation
Oral no medication 663 (57) 909 (59)
Oral sedation only 198 (17) 218 (14)

Others 52 (5) 50 (3)
Device at first attempt’

Direct laryngoscope 921 (79) 1,193 (77) 0.013

Video laryngoscope 234 (20) 346 (22)

Use of bougie 25 (2) 16 (1)

Others 12 (1) 4 (<1)

Intubator’s specialty at the first attempt

Emergency 254 (22) 384 (25) <0.001
medicine resident

Emergency 97 (8) 200 (13)
attending physician

Other specialties 93 (8) 183 (12)

Transitional-year 723 (62) 776 (50)

resident

Method at second attempt

Rapid sequence 311 (27) 366 (24) <0.001
intubation

Oral no medication 604 (52) 909 (59)

Oral sedation only 165 (14) 218 (14)

Others 87 (2) 50 (3)
Device at second attemptT
Direct laryngoscope

720 (62) 1193 (77)  <0.001

Table 1. (Continued)

Second intubation P-value
attempt (n = 2,710)

Variables

Rescue Non-rescue

attempt attempt

(n=1,167) (n=1543)
Video laryngoscope 407 (35) 346 (22)
Use of bougie 143 (12) 16 (1)
Others 7 (1) 4 (<1)

Intubator’s specialty at second attempt

Emergency medicine 380 (33) 384 (25) <0.001
resident
Emergency attending 515 (44) 200 (13)
physician
Other specialties 113 (10) 183 (12)
Transitional-year 159 (14) 776 (50)

resident

TSum does not equal the number of rescue attempts because
some patients were intubated with multiple rescue devices.
IQR, interquartile range.

following variables in the model (adjusted model 3): change
from non-RSI to RSI, change from non-surgical to surgical
method, other method changes, change from non-DL to DL,
change from non-VL to VL, use of bougie, other device
changes, change from non-EM resident to EM resident,
change from non-EM attending physician to EM attending
physician, and other specialty changes. In the adjusted mod-
els, we controlled for patient’s age, sex, body mass index,
primary indication for intubation, marker for difficult intuba-
tion (modified LEMON criteria of >1), intubation methods
at the first attempt, device at the first attempt, and specialties
of the intubators at the first attempt. Given the study objec-
tive, product terms were not tested in the adjusted models.
The models also accounted for patient clustering within the
EDs using generalized estimating equation.'%*131% In the
sensitivity analysis, we repeated the analysis with stratifica-
tion by cardiac arrest as the primary indication because of
the potential heterogeneity in the factors associated with suc-
cessful second intubation attempts between patients with
cardiac arrest and those without. In addition, we also under-
took a sensitivity analysis stratified by marker for difficult
intubation (modified LEMON criteria of >1). The analysis
was carried out with JMP version 9.0.2 (SAS Institute, Cary,
NC, USA) and STATA 14.1 (StataCorp, College Station,
TX, USA). We considered a two-sided P < 0.05 to be statis-
tically significant.
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RESULTS

URING THE STUDY period, 9,694 patients underwent

emergency airway management in the ED. Among
these, the database recorded 9,408 patients (capture rate,
97%). We excluded 6,698 patients (Fig. S1), and the remain-
ing 2,710 patients were eligible for the current analysis.

Overall, the median age was 65 (interquartile range, 54—
80) years, 96% were adults (aged >18 years), and 36% were
female. The primary indication for intubation was medical
in 50%, and cardiac arrest in 40%. The majority (56%) were
considered a difficult airway. Of the 2,710 patients with a
failed first attempt, 43% (n = 1,167) subsequently under-
went a second intubation attempt with a change in methods,
devices, and/or intubators (i.e., rescue intubation attempt).
Table 1 summarizes the characteristics of patients who
underwent a rescue attempt and non-rescue attempt. Patients
who underwent a rescue attempt were younger and more
likely to have trauma indication compared to those without a
rescue attempt (both, P < 0.05).

Table 2 shows the details of rescue attempts used after
failed first attempts. Among these, 9% were undertaken with
a change in methods, 38% with a change in devices, and
62% with a change in intubators; 10% were carried out with
changes in multiple approaches. More specifically, the most
frequent changes in each approach were changes from non-
RSI to RSI (5%), changes from non-VL to VL (22%), and
changes from non-EM attending physician to EM attending
physician (36%).

Overall, the success rate at the second intubation attempts
was 72% with rescue attempts and 62% with non-rescue intu-
bation attempts. Rescue intubation attempts were associated
with a significantly higher successful second-attempt rate,
compared to non-rescue attempts (unadjusted odds ratio
[OR], 1.64; 95% confidence interval [CI], 1.39-1.94;
P < 0.001; model 1, Table S1). The magnitude of this associ-
ation was amplified after adjusting for potential confounders
(adjusted OR, 1.78; 95% CI, 1.50-2.12; P < 0.001; Fig. 1,
Table S1). Among three rescue interventions (i.e., changes in
methods, devices, and intubators; model 2), the change in
methods (adjusted OR, 1.59; 95% CI, 1.01-2.49; P = 0.04)
and intubators (adjusted OR, 2.25; 95% CI, 1.82-2.76;
P < 0.001) were associated with a higher second-attempt suc-
cess rate. More specifically (model 3), the change from non-
RSI to RSI (adjusted OR, 2.04; 95% CI, 1.12-3.75;
P =0.02), from non-EM residents to EM residents (adjusted
OR, 2.02; 95% CI, 1.44-2.82; P < 0.001), and from non-EM
attending physicians to EM attending physicians (adjusted
OR, 2.82; 95% CI, 2.14-3.71; P < 0.001) were associated
with a higher likelihood of second-attempt success. In the
sensitivity analysis with stratification by cardiac arrest

Table 2. Details of rescue intubation approaches used after
failed first attempts

Rescue attempt approach n (%)
Overallf
Change in methods 106 (9)
Change in devices 448 (38)
Change in intubators 726 (62)
Change in methods
Change from non-RSI to RSI 59 (5)
Change from non-surgical to surgical methods* 26 (2)
Other method changes 21 (2)
Change in devices
Change from non-DL to DL 82 (7)
Change from non-VL to VL 251 (22)
Use of bougie 143 (12)

Other device changes 14 (1)
Change in specialties of intubators

Change from non-EM resident to EM resident 221 (19)

Change from non-EM attending physicianto 425 (36)
emergency attending physician

Other specialty changes 80 (7)

fSum is not equal to the number of rescued patients because
113 patients were intubated with changes in multiple
approaches.

fSurgical methods include cricothyrotomy and tracheotomy.

DL, direct laryngoscope; EM, emergency medicine; RSI, rapid
sequence intubation; VL, video laryngoscope.

(Fig. S2, Table S2) and by marker for difficult intubation
(Fig. S3, Table S3), although the statistical power was lim-
ited, similar associations were found across strata.

DISCUSSION

Y USING THE large prospective multicenter data of

2,710 ED patients with a failed first intubation attempt,
we found that 43% underwent their second attempt with a
change in methods, devices, and/or intubators — a rescue
intubation. We found that rescue intubations are associated
with a higher likelihood of success at the second attempt
compared to non-rescue intubation attempts. In particular,
the change in methods (non-RSI to RSI) and in intubators
(non-EM residents to EM residents, non-EM attending
physicians to EM attending physicians) were associated with
a higher second-attempt success rate.

Although the proportion of patients with a failed first
attempt is not small (17-32%),'>¢%10-13:15:16 only a few stud-
ies have investigated rescue intubations in the ED. In 2002,
an analysis of 207 intubations recorded in the second National
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Models Adjusted OR (95%CI) P-value
Model 1
Any intervention change —e— 1.78 (1.49-2.11) <0.001
Model 2
Change in methods ———— 1.58 (1.01-2.46) 0.045
Change in devices ——i 0.97 (0.77-1.21) 0.760
Change in specialties of the intubators —e—i 2.23 (1.80-2.75) <0.001
Model 3
Details of change in methods
Change from non-RSIto RSI ——— ot 2.04 (1.11-3.73) 0.020
Change from non-surgical to surgical methods’ —_—— 2.29 (0.78-6.72) 0.130
Other method changes @ 0.58 (0.24-1.41) 0.230
Details of change in devices
Change from non-DL to DL [ 0.89 (0.52-1.54) 0.690
Change fromnon-VL to VL —— 0.89 (0.66-1.18) 0.410
Use of bougie e 1.18 (0.79-1.76) 0.430
Other device changes — 0.52 (0.17-1.63) 0.260
Details of change in specialties of the intubators
Change from non-EM resident to EM resident —e—i 2.01 (1.44-2.80) <0.001
Change from non-EM attending physician to EM attending physician —e—i 2.78 (2.11-3.66) <0.001
Other specialty changes ——— 1.10 (0.68-1.76) 0.710
0.1 1.0 10

OR for success

Fig. 1. Adjusted association with second-attempt success rate among patients who underwent intubations in emergency depart-
ments. "Surgical methods include cricothyrotomy and tracheotomy. Cl, confidence interval; DL, direct laryngoscope; EM, emergency
medicine; OR, odds ratio; RSI, rapid sequence intubation; VL, video laryngoscope.

Emergency Airway Registry (NEAR-II) database described
the techniques and devices being used for rescue airway man-
agement after failed attempts.” A more recent analysis of
1,122 intubations from Korea reported the factors associated
with success at the second attempt, such as the use of RSI,
intubation by emergency physicians or senior physicians, and
non-difficult airway.® However, this study did not differenti-
ate a rescue attempt from a non-rescue attempt, that is, a
repeat attempt with the use of same methods, devices, and
intubator following a failed attempt was also considered as a
rescue attempt. The current multicenter study with the largest
sample size in this topic builds on these earlier studies, and
extends them by demonstrating the superiority of rescue intu-
bation attempts (compared to non-rescue attempts).

The observed relationship between the change from non-
RSI to RSI with second-attempt success is consistent with pre-
vious studies that reported the superiority of RSI in ED intu-
bations, including first intubation attempts.>>®'*'7 Studies
have shown that the advantages of RSI use (e.g., better intu-
bating conditions, including the lack of vocal cord move-
ment)lg’19 In addition, the observed associations between the
change in intubators and higher likelihoods of second-attempt

success is in agreement with previous studies.®® There are
plausible mechanisms underlying this finding, for example,
strategic and mental preparations for intubation attempts by
an alternate intubator, and potentially higher competence. In
contrast, we observed no significant association between
changes in devices and likelihoods of second-attempt success.
Studies reported that, although VLs have been increasingly
considered the intubation device of choice in the ED,2’15’16
the superiority of VL intubations remains controversial — the
success rate using VL is higher than'>??! and no different
from that using DL.**"* Notwithstanding the complexity of
rescue intubation attempts in the ED, our data not only refute
the approach that assumes repeat attempts alone would lead to
an intubation success, but also lend an additional support to
the intubation strategy that systematically optimizes intubation
approaches (e.g., the use of RSI and alternative intubators)
immediately after a failed attempt.

Potential limitations

The current study has several potential limitations. First,
passive surveillance introduces the potential of self-reporting
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bias. For example, underestimation of failed intubations is
possible. Nevertheless, we used previously applied standard-
ized data forms and uniform definitions,®'®"® and achieved
a high capture rate. Therefore, we believe that these data
represent the best available data. Second, as with any obser-
vational study, the causal inference might be confounded by
unmeasured factors (e.g., patient’s severity of illness, indi-
vidual intubator competence). Third, although we defined
rescue intubation attempts as those with a change in major
components (i.e., methods, devices, and/or intubators), we
did not capture information on other potentially important
interventions, such as position change and pre-oxygenation
techniques. Nevertheless, as these factors were likely related
to intubation success, the lack of information would have
biased our inference toward the null. Finally, the study sam-
ple consisted predominantly of academic EDs in Japan.
Although formal validation of the results in other settings is
needed, the observed relationships were large and plausible,
and were likely present in different practice settings.

CONCLUSIONS

ASED ON DATA from a 15-center prospective study,

approximately 40% of patients underwent the second
intubation attempt with a change in methods, device, and/or
intubator — a rescue intubation — after the failed first attempt
in an ED. Our data also indicated that rescue intubations were
associated with a higher likelihood of success at the second
attempt. Furthermore, for clinicians, our observations lend
additional support to the use of RSI and backup by EM resi-
dents or EM attending physicians to improve the airway man-
agement performance immediately after a failed attempt.
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Fig. S1. Patients who underwent intubations in emergency
departments.

Fig. S2. Adjusted association with second-attempt success
rate of intubation in the sensitivity analysis with stratifica-
tion by cardiac arrest.

Fig. S3. Adjusted association with second-attempt success
rate of intubation in the sensitivity analysis with stratifica-
tion by marker for difficult intubation (modified LEMON
criteria of >1).

Table S1. Unadjusted and adjusted association with second-
attempt success rate among patients who underwent intuba-
tions in emergency departments

Table S2. Adjusted association with second-attempt success
of intubation, according to cardiac arrest

Table S3. Adjusted association with second-attempt success
of intubation, according to difficult intubation
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