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Aim: Tracheal intubation is a vital resuscitation procedure in the pediatric emergency department (ED). Despite its importance, little
is known about the current status of emergency airway management in Japan. In this context, we aimed to investigate the airway
management characteristics—particularly the location, patient, and provider factors—in the pediatric ED.

Methods: We conducted a multicenter, prospective study of five pediatric EDs in Japan from October 2018 to June 2020. The study
included all children (aged ≤18 years) who underwent intubation at the pre-ED or ED setting by physicians and those who were trans-
ferred from the ED to the operation room (OR) or pediatric intensive care unit (PICU) for intubation. We described the airway manage-
ment characteristics according to the location, patient, and provider factors.

Results: Of 231 children, 9 (4%) were transferred to the OR or PICU for airway management. Among the remaining 222 children, 45
were intubated at the pre-ED setting and 177 were intubated in the ED. The overall first-attempt success rate was 72%, with the rate
varying by location, patient, and provider factors—for example, 68% at the pre-ED setting, 67% for children <2 years, 56% for children
with airway-related anatomical anomalies, and 61% with intubation by a resident physician. Intubation-related adverse events were
observed in 17%, most of which were hypoxemia (14%).

Conclusions: Based on data from a multicenter prospective study, the overall first-attempt intubation success rate in pediatric EDs
in Japan was 72%, with large variations by location, patient, and provider factors.
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INTRODUCTION

EMERGENCY AIRWAY MANAGEMENT is a critical
resuscitation procedure in the pediatric emergency

department (ED). Airway management in children demands

great caution because of their age-dependent differences in
anatomical and physiological characteristics and limited
physiological reserve.1 Nevertheless, the frequency of pedi-
atric patients undergoing emergency tracheal intubation in
the pediatric ED is small (2–33/10,000 ED visits),2–5 so we
have often depended on findings from the operation room
(OR) or pediatric intensive care unit (PICU). However, EDs
have different characteristics from those settings, such as
limited medical resources and time, so ED-specific knowl-
edge is required.6,7 Recently, a large registry of general (i.e.,
nonpediatric) ED settings has revealed pediatric findings—
variations in the intubation success rate by patient’s age and
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provider training level.6,8–11 Successful first-attempt intuba-
tion is important because studies have shown that repeated
intubations are associated with a higher rate of complica-
tions.8,11

However, the characteristics of patients who present to
the general ED differ from those in the pediatric ED.12 For
example, in Japan, high-risk children—such as those with
underlying medical conditions (e.g., congenital airway–re-
lated malformations, congenital heart diseases)—are rarely
intubated by emergency physicians in the general ED. They
are often referred directly to the pediatric ED of a children’s
hospital or tertiary hospital and are sometimes transferred by
the pediatric transport team. Furthermore, in Japan, there is
no board certification system for pediatric emergency medi-
cine. Board-certified physicians working in the pediatric ED
are likely pediatricians, emergency physicians, or trainees in
those fields. The impact of these factors on the intubation
performance remains unclear.

To address the knowledge gap in the literature, we con-
ducted a multicenter prospective study of airway manage-
ment in pediatric EDs to elucidate the characteristics of
children who undergo emergency airway management. We
categorized these into three main factors: location, patient,
and provider to investigate first-attempt success rates. A bet-
ter understanding of these important issues in ED children
should inform the development of optimal airway manage-
ment strategies and education systems.

METHODS

Study design, participants, and settings

THIS IS AN analysis of data from the 4th Japanese
Emergency Airway Network (JEAN-4) study. JEAN-4

is an ongoing prospective multicenter study, which was initi-
ated in October 2018 as a consortium of five pediatric EDs
in the children’s hospital or community medical centers in
Japan (Aichi Children’s Health and Medical Center, Gifu
Prefectural General Medical Center, National Center for
Child Health and Development, Saitama Children’s Medical
Center, and Tokyo Metropolitan Children’s Medical Center).
The number of annual ED visits in the participating institu-
tions ranged from 5,300 to 34,000.

The JEAN-4 study includes all children aged ≤18 years
who underwent emergency tracheal intubation by a physi-
cian at the pre-ED setting (e.g., during the patient transport)
or in one of the EDs. JEAN-4 also includes children who
were considered as high risk for airway management in the
ED and transferred to the OR or PICU for emergency tra-
cheal intubation. The reason for including these cases was
that it would be inadequate to represent the actual status of

airway management in the ED without knowing the number
and characteristics of such high-risk cases that require emer-
gent airway management—the target population of interest.
Emergency tracheal intubation in this study was defined as
tracheal intubation without prior planning. For this analysis,
we analyzed the data of all children in JEAN-4 from October
2018 to June 2020. The study was approved by the institu-
tional review board of each participating center, including
the Institutional Review Board of Tokyo Metropolitan Chil-
dren’s Medical Center, with the waiver of informed consent
before data collection.

Data measurements

JEAN-4 prospectively measures characteristics related to
location, patients, health care providers, and airway manage-
ment. A list of the variables measured is provided in
Table 1. This study utilized the following measurements
from this comprehensive registry of airway management.
First, the location characteristics included the location of
intubation (pre-ED [other hospital/clinic to transport, trans-
port vehicle, scene], ED). Second, the patient factors
included age, sex, body weight, congenital diseases (airway-
related anatomical anomalies and circulatory physiological
anomalies), and primary indication for intubation (Table 1,
see section “C”). Bodyweight was either provided by par-
ents or estimated by appearance prior to the emergency tra-
cheal intubation. Third, the provider factors included
intubator’s level of training (resident, fellow, attending) and
specialty (emergency medicine, pediatrics, critical care med-
icine, anesthesiology, others). A resident physician was
defined as a trainee in the residency program, while a fellow
was defined as an advanced-level trainee who undergoes
subspecialty training (pediatric emergency medicine, pedi-
atric critical care medicine, pediatric hospital medicine,
others) after completing his/her residency training. Lastly,
the airway management characteristics included the methods
of intubation, intubation devices, Cormack–Lehane classifi-
cation, intubation outcome at each attempt, and intubation-
associated adverse events. An intubation attempt was
defined as a single insertion of the laryngoscope (or other
devices) past the teeth.13,14 An intubation success was con-
firmed by quantitative or colorimetric end-tidal carbon diox-
ide monitoring after the tracheal tube was placed through the
vocal cords.13,14 Adverse events were a priori defined as air-
way management–related events15: death, cardiac arrest,
hypotension requiring intervention (fluid and/or vasopres-
sors), hypoxemia, dysrhythmia, esophageal intubation with/
without delayed recognition, vomiting with/without aspira-
tion, main-stem bronchial intubation, dental or lip trauma,
airway trauma, and errors in drug administration.
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Table 1. All measured variables in the 4th Japanese Emergency Airway Network (JEAN-4) study

A. Basic information

1. Date

2. Time (24-h format)

3. Location (emergency department, other hospital/clinic to transport, transport vehicle/helicopter/airplane, scene, others)

B. Patient information

1. Age

2. Bodyweight

3. Sex

4. Congenital diseases (airway-related anatomical anomalies [congenital malformation syndrome, tracheal and bronchial stenosis], circulatory

physiological anomalies [Glenn–Fontan circulation, right–left shunt, pulmonary hypertension])

C. Primary indication of intubation (single answer)

1. Medical (cardiac arrest, airway obstruction, anaphylaxis, respiratory failure, asthma, frequency apnea, cardiac shock, noncardiac shock,

seizure, altered mental status excluding seizure, airway management for elective procedures or transport, others)

2. Trauma (traumatic cardiac arrest, cardiac arrest due to drowning/choking, airway burn, face or neck trauma, head trauma, multiple trauma,

airway management for elective procedures or transport, others)

D. Methods of airway management (multiple answer)

1. Tracheal intubation

2. Supraglottic airway devices

3. Oro/nasopharyngeal airway

4. Transferred to the OR from the ED for tracheal intubation

5. Transferred to the PICU from the ED for tracheal intubation

6. Others

E. Predictors of difficult airway (yes, no, unknown)

1. History of difficult airway

2. Difficulty in bag-valve-mask ventilation

3. Modified LEMON (look externally, evaluate 3:3:2: mouth opening [≤2 fingerbreadths/≥3 fingerbreadths], thyromental distance [≤2 finger-

breadths/≥3 fingerbreadths], between hyoid bone and thyroid notch [≤1 fingerbreadths/≥2 fingerbreadths], obstruction, neck mobility)

F. Airway management characteristics (per every attempt)

1. Methods of intubation (rapid sequence intubation [with/without positive pressure ventilation], sedation or opioid only [no

neuromuscular-blocking drugs used], opioid and neuromuscular-blocking drugs, neuromuscular-blocking drugs only, no medication,

nasotracheal intubation, surgical airway management)

2. Intubation devices (laryngoscopy, laryngoscopy and bougie, airway scope, McGrath, C-MAC, GlideScope, fiberscope, others)

3. All medications used to facilitate intubation

4. Intubator’s level of training and postgraduate year (resident, fellow, attending)

5. Intubator’s specialty (emergency medicine, pediatrics, critical care medicine, anesthesiology, others)

6. Intubator’s board certification (emergency medicine, pediatrics, critical care medicine, anesthesiology, others)

7. Cormack–Lehane classification (grade 1/2/3/4)

8. Performed apneic oxygenation (yes, no)

9. Performed pressure from the body surface (yes, no)

10. Intubator’s impression of difficulty in intubation (yes, no)

11. Position of the glottis (open/close)

12. Intubation outcome at each attempt (success/failure)

13. Intubation-associated adverse events (death, cardiac arrest, hypotension requiring intervention [fluid and/or vasopressors], hypoxemia

[pulse oximetry saturation <90%], dysrhythmia, esophageal intubation with/without delayed recognition, vomiting with/without aspiration,

main-stem bronchial intubation, dental or lip trauma, airway trauma, errors in drug administration)

G. Prognosis information

1. Patient outcome in the ED (admission, transferred to other hospital, death, extubated in the ED [admission/discharge])

2. Patient outcome after 3 months (death, survived [discharge to home/transferred to other hospital])

3. Pediatric Cerebral Performance Category Scale (1/2/3/4/5)

4. Diagnosis

5. Airway management devices used until discharge (extracorporeal membrane oxygenation, tracheotomy, home mechanical ventilation,

supraglottic device, others)

H. Free comment if necessary

ED, emergency department; OR, operation room; PICU, pediatric intensive care unit.
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Hypoxemia was defined as pulse oximetry saturation <90%
during an intubation attempt, not a result of esophageal intu-
bation. In a patient with a circulatory physiological anomaly,
hypoxemia was defined as a 10% decrease from the baseline
value.

Data analysis

This study described the following measurements: (i)
patient characteristics (age, sex, weight, congenital dis-
eases, primary indication), (ii) airway management charac-
teristics (the location of intubation, intubator’s level of
training and specialty, methods of intubation, intubation
devices, Cormack–Lehane classification), and (iii) intuba-
tion outcomes. In this study, we used descriptive statistics,
including the median (with interquartile range) and the
number with proportion, as appropriate. We also examined
the intubation success rates (with 95% confidence intervals
[95% CIs]) according to the number of attempts, by
location, patient, and provider factors. We performed all
statistical analyses with JMP 9 software (SAS Institute, Inc,
Cary, NC, USA).

RESULTS

Location factors of emergency airway
management

DURING THE 21-month period, 231 children were
enrolled in the JEAN-4 study (capture rate, 100%).

The location of intubation in these patients is summarized in
Fig. 1. Most patients (n = 222, 96%) were intubated in the
pre-ED (n = 44, 19%) or ED (n = 178, 77%) setting. A total
of 9 (4%) children were transferred from the ED to the OR
or PICU for airway management.

Patient factors of emergency airway
management

The patient demographics and primary indications for intu-
bation are shown in Table 2. The median age was 1 year (in-
terquartile range, 0–4 years), and 56% were boys. Overall,
14% of children had congenital diseases (airway-related
anatomical anomalies [11%], circulatory physiological
anomalies [5%]). The medical indication accounted for
84%, and the remaining (16%) children were intubated for
trauma or other injuries. The most common indication was
respiratory failure (26%), followed by seizure (23%) and
medical or traumatic cardiac arrest (13%). In addition, all
five patients transferred to the OR were for the management
of upper airway obstruction, while those transferred to the
PICU were intubated for respiratory failure (n = 2) and car-
diogenic shock (n = 2).

Airway management characteristics and
provider factors

Most initial intubation was performed by fellows (62%),
while attending and resident physicians performed 22% and
16% of intubations, respectively. Specific in the pre-ED

All enrolled patients

n=231

Intubated in the pre-ED or ED setting

ED setting

Intubation in the ED

Pre-ED setting

Other hospital/clinic to transport the patient

Transport vehicle

Transferred from the ED to the OR/PICU for intubation

OR

PICU

44 (19%)

35 (15%)

9 (4%)

222 (96%)

9 (4%)

5 (2%)

4 (2%)

178 (77%)

187 (81%)

Fig. 1. Flow of study children who underwent emergency airway management. The 4th Japanese Emergency Airway Network (JEAN-

4) study enrolled 231 children (aged ≤ 18 years) who underwent intubation at the pre-emergency department (ED) or ED setting by

physicians and those who were considered as high risk and transferred from the ED to the operation room (OR) or pediatric intensive

care unit (PICU) for intubation. All data are presented as n (%).
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setting, fellows (pediatric emergency medicine, pediatric
critical care medicine) and attendings accounted for 98% of
the total. Emergency medicine (including pediatric emer-
gency medicine) was the most common specialty of intuba-
tors (61%), followed by pediatrics (31%), critical care
medicine (5%), and anesthesiology (3%). The most common
method of initial intubation attempt was rapid sequence intu-
bation (69%). The devices used for initial intubation were a
direct laryngoscope in 74%, while a video laryngoscope was
used in 26%. There was no fiberoptic intubation or surgical
airway management. Approximately three-fourths of
Cormack–Lehane classifications were grade 1, while 8%
comprised grade 4.

Airway management outcomes

Table 3 presents the success rates by location, patient, and
provider factors. Overall, the first-attempt success rate was
72% (95% CI 66%–78%). The success rate within two
attempts was 90% (95% CI 85%–93%), and that within
three attempts was 96% (95% CI 92%–98%). The success
rate varied widely by location, patient, and provider factors.
For example, the first-attempt success rate was 68% (95%
CI 53%–80%) in the pre-ED setting, whereas it was 73%
(95% CI 66%–79%) in the ED setting. Furthermore, the
first-attempt success rate varied by age—for example, 67%
(95% CI 58%–75%) in age <2 years versus 80% (95% CI
69%–87%) in age 2–7 years. Likewise, the first-attempt suc-
cess rate was low in children with an airway-related anatom-
ical anomaly (56%; 95% CI 37%–73%), with persistently
low rates across the following attempts (e.g., 84% [95% CI
65%–94%] within three attempts). Lastly, the first-attempt
success rate varied by the level of training—for example,
61% (95% CI 45%–75%) by resident physicians versus 76%
(95% CI 62%–85%) by attending physicians.

Lastly, intubation-related adverse events were observed in
17%, most of which were hypoxemia (14%), followed by
esophageal intubation (5%) and hypotension (1%). There
was no cardiac arrest or death related to airway manage-
ment.

DISCUSSION

IN THIS MULTICENTER prospective study of 231 ED
children in Japan, we comprehensively described their

clinical and airway management characteristics. The study
observed that the first-attempt success rate was 72%, with
large differences by location, patient, and provider factors.
For example, the first-attempt success rate was 68% in the
pre-ED setting, 56% in children with an airway-related
anatomical anomaly, and 61% by resident physicians. We also
observed that one in six children had an intubation-related
adverse event and most were hypoxemia. To the best of our
knowledge, this is the first investigation that has investigated
the current airway management in pediatric EDs in Japan.

Differences in success rates by location
factors

In this study, approximately 4% of children considered as
being at high risk were transferred to the OR or PICU for
airway management. All children transferred to the OR had
upper airway obstruction. In an earlier study of the PICU
setting, signs of upper airway obstruction were reported to
be a significant predictor for difficult intubation.16 For

Table 2. Patient characteristics and primary indication for

intubation in children who underwent emergency airway

management (N = 231)

Characteristics Value

Age (year), median (interquartile range) 1 (0–4)
Boys, n (%) 129 (56)

Weight (kg), median (interquartile range) 10 (6–16)
Congenital diseases, n (%) 33 (14)

Airway-related anatomical anomalies† 25 (11)

Circulatory physiological anomalies‡ 12 (5)

Primary indication, n (%)

Medical (nontrauma) indication 195 (84)

Respiratory failure 61 (26)

Seizure 53 (23)

Cardiac arrest 24 (10)

Altered mental status (excluding seizure) 17 (7)

Airway obstruction 11 (5)

Frequency apnea 11 (5)

Shock (noncardiac) 9 (4)

Shock (cardiac) 4 (2)

Airway management for elective

procedures or transport

2 (1)

Asthma 2 (1)

Anaphylaxis 1 (0.4)

Trauma indication 36 (16)

Airway management for elective

procedures or transport

12 (5)

Head trauma 11 (5)

Cardiac arrest (trauma) 4 (2)

Cardiac arrest (drowning or choking) 3 (1)

Face or neck trauma 2 (1)

Shock (trauma) 2 (1)

Multiple trauma 2 (1)

†Congenital malformation syndrome or tracheal and bronchial

stenosis.
‡Glenn–Fontan circulation, right-to-left shunt, or pulmonary

hypertension.
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example, in children with severe croup, ED physicians avoid
unnecessary stimuli (e.g., an intravenous line placement) in
the ED to mitigate the risk of further airway compromise. In
these cases, children are transferred to the OR for airway
management with a slow induction of anesthesia with
inhalation anesthetic agents, such as nitrous oxide or
sevoflurane. Furthermore, in this study, four children with
respiratory failure or cardiogenic shock were intubated in
the PICU, potentially due to the access to more advanced
medical devices, such as extracorporeal membrane oxygena-
tion. In the pre-ED setting, the first-attempt success rate was
69%, which was modestly lower than that in the ED setting.
The initial intubation success rate in the prehospital setting
by Danish anesthesiologists was 75%, and 54% in the group
of patients <2 years.17 Even anesthesiologists had lower
first-attempt success rates in unstable settings. In this study,
the success rate increased materially after the initial attempt,
although the exact mechanism(s) remains unclear. It is possi-
ble that physicians intubating the patient in the pre-ED

setting—who are mostly fellows and attendings (pediatric
emergency medicine, pediatric critical care medicine)—
failed the first attempt in an uncontrolled setting, but
achieved an intubation success at the subsequent attempts
through self-feedback.

Differences in success rates by patient
factors

Concordant with the literature reporting younger age as a
risk factor for intubation failures,2,9,10,18 this study also
demonstrated that the first-attempt success rate was low
(67%) in patients aged <2 years. In most airway manage-
ment studies, including ours, an intubation “attempt” is
defined as a single insertion of the laryngoscope.13,14 There-
fore, it is counted as an attempt if the patient returns to mask
ventilation after suctioning of secretion under a laryngo-
scopic exposure. Younger children who have a larger
amount of secretions or a more rapid decrease in the oxygen

Table 3. Success rates by location, patient, and provider factors in children who underwent intubation in the ED or pre-ED setting

First-attempt success ≤2 attempts success ≤3 attempts success

Strata % (95% CI) % (95% CI) % (95% CI)

Total (N = 222)† 72 (66–78) 90 (85–93) 96 (92–98)
Location of intubation

Pre-ED setting (n = 44) 68 (53–80) 95 (84–100) 100 (90–100)
ED (n = 178) 73 (66–79) 89 (83–93) 94 (90–97)

Age

<2 years old (n = 119) 67 (58–75) 89 (82–94) 96 (90–98)
2–7 years old (n = 74) 80 (69–87) 93 (85–97) 96 (88–99)
≥8 years old (n = 29) 72 (54–86) 86 (69–95) 93 (77–99)

Airway-related anatomical anomalies

Present (n = 25) 56 (37–73) 76 (56–89) 84 (65–94)
Absent (n = 197) 74 (68–80) 92 (87–95) 97 (93–99)

Circulatory physiological anomalies

Present (n = 10) 70 (39–90) 90 (57–100) 100 (68–100)
Absent (n = 212) 72 (66–78) 90 (85–94) 96 (92–98)

Intubator’s level of training‡

Resident physician (n = 36) 61 (45–75) — —
Fellow (n = 137) 74 (66–80) — —
Attending (n = 49) 76 (62–85) — —

Intubator’s specialty‡

Emergency medicine (including PEM) (n = 136) 74 (66–80) — —
Pediatrics (n = 68) 66 (54–76) — —
Critical care medicine (n = 11) 82 (52–95) — —
Anesthesiology (n = 7) 86 (49–97) — —

CI, confidence interval; ED, emergency department; PEM, pediatric emergency medicine.
†Nine of the 231 patients were transferred to the OR or PICU for emergency intubation.
‡The second and third attempts were not analyzed because there were few cases in which the same intubator performed multiple

attempts.
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saturation may have been affected by this type of procedure,
thereby leading to the lower first-attempt success rate.
Patient factors such as patients aged <2 years and respira-
tory indication for intubation have been reported to be sig-
nificantly associated with desaturation.18 In younger
children, a single attempt at suctioning may not be equiva-
lent to a single unsuccessful intubation attempt.

Several congenital diseases (e.g., maxillary/mandibular
hypoplasia, laryngeal/tracheal stenosis) are known risk fac-
tors for the difficult airway.19 In the study of neonatal and
pediatric transport, the presence of comorbidity was associ-
ated with a higher risk of failed tracheal intubation.20 In the
PICU setting, cardiac patients had a higher incidence of car-
diac arrest and hypoxemia associated with tracheal intuba-
tion, after adjusting for patient and provider differences.21

However, there is a dearth of research that has examined the
prevalence and characteristics of children with an airway-
related anatomical or circulatory anomaly who underwent
airway management in the ED. In this study, compared with
children without congenital anomalies, those with an
airway-related anatomical anomaly had a lower success rate
of intubation. By contrast, the success rate in children with
circulatory physiology anomalies did not substantially differ
from those without such anomalies. As unstable hemody-
namics has been reported as a risk factor for the occurrence
of adverse events,22 we considered the presence of circula-
tory physiology anomalies as a potential risk factor, but the
results showed otherwise. To successfully intubate a child
with a potential physiological instability, systematic prepara-
tions for intubation (e.g., optimal preoxygenation, adequate
fluid load prior to intubation to maintain circulation, selec-
tion of medications and devices, preparation for rescue intu-
bations) should be performed. This may be the result of
efforts by providers to maintain hemodynamics in the ED,
an environment of limited time and limited medical
resources.

Differences in success rates by provider
factors

In agreement with previous studies,10,11,23,24 this study
demonstrated that the first-attempt success rate varied by the
level of training. In this study, compared with resident physi-
cians, fellows and attending physicians had higher first-
attempt success rates (61% versus 74% and 76%). In addi-
tion, among the different specialties, emergency medicine
had a higher rate than pediatrics (74% versus 66%). Accord-
ing to a systematic review of the learning curve for tracheal
intubations, in mostly elective circumstances, at least 50
intubations with no more than two attempts need to be per-
formed to reach a success rate of at least 90% in the real-

world setting.25 However, for most nonanesthesiologists,
their experience in advanced airway management in children
may be limited.2–5 The lack of training opportunities to opti-
mally perform advanced airway management in children,
but the need for extensive experience, is a critical limitation
in pediatric emergency medicine training. The higher suc-
cess rate in emergency medicine than in pediatrics may sug-
gest that intubation experiences in adult patients may have
had a spillover effect on pediatric patients. To ensure the
acquisition of skills, alternative methods—such as training
in adult emergency medicine or anesthesiology to increase
intubation experiences—should be considered.

In this study, the use of video laryngoscopes was low at
25%. A Japanese study of emergency tracheal intubation in
the general EDs found that the rate of video laryngoscopy as
an initial intubation device increased from 2% in 2010 to
40% in 2016.26 In Japanese pediatric EDs, the video laryn-
goscopy may be used as a rescue device rather than as an
initial intubation device. Although the use of a video laryn-
goscopy might lead to improved vocal cord visualization,
there is still no evidence of improved success rates in
children compared with those receiving direct laryn-
goscopy.27–29 The use of video laryngoscopy in pediatric
EDs in Japan is in a transitional period. Changes in success
rates and adverse events would be valuable data as the rate
of use is likely to increase in the future.

Intubation-related adverse events

In this study, intubation-related adverse events were 17%. The
incidence of adverse events in pediatric EDs varies from 10%
to 39%.2,4,6,7,30–32 There were differences in median patient’s
age and level of intubator’s training between the studies.
Improving first-attempt success rates is important because
multiple attempts of intubation procedures increase adverse
events.8,33 However, first-attempt success rates and adverse
event rates are not absolutely comparable across the studies,
and it is necessary to adjust for factors that influence them.

The success of intubation is attributable to a complex
interaction between location, patient, and provider factors.
Notwithstanding the complexity, the variation in intubation
performance in the pediatric EDs is an important finding.
Our data should advance the research into the development
of optimal airway management strategies and education sys-
tems in pediatric EDs.

Limitations

Our study has several potential limitations. First, the passive
surveillance of this study data has a potential self-reporting
bias. Therefore, the patient characteristics, intubation
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outcomes, and adverse events may have been misclassified.
Regardless, the JEAN-4 study used a previously applied
data collection system with structured data forms and uni-
form definition,8,10,13,15 and achieved a high capture rate
(100%). Second, the study sample consisted of five pediatric
EDs. The majority of pediatric emergency care in Japan is
currently provided outside of pediatric EDs (general EDs
and pediatric departments). Thus, our inference may not be
representative of pediatric emergency care in Japan. How-
ever, our data should facilitate further investigations into the
improvement of pediatric emergency medicine in Japan.
Finally, the range of 95% CIs for first-attempt success rates
for each factor is largely due to the number of cases. With a
priori sample size calculation based on data from a multi-
center observational study in Japanese general EDs (the first
attempt success rate for pediatric tracheal intubation of
60%–64%)8,10 and the assumption of the success rate to be
10% higher in pediatric EDs, the range of 95% CI would be
within 13%.

CONCLUSIONS

IN THIS MULTICENTER prospective study of ED chil-
dren, we comprehensively described their clinical and air-

way management characteristics. The first-attempt success
rate was 72%, indicating that location, patient, and provider
factors may have influenced the success rate. The study also
showed that one in six children had an intubation-related
adverse event. For researchers, our data should facilitate fur-
ther investigations into the development of optimal airway
management strategies in ED children. Our findings should
also encourage pediatric emergency physicians to identify bar-
riers to the delivery of high-quality airway management, which
will, in turn, improve the outcome of critically ill children.
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