
Objectives: To characterize current practice with respect to
pediatric emergency airway management using a multicenter
data set.

Methods: A multicenter collaboration was undertaken to
gather data prospectively regarding emergency intubation.
Analysis of data on adult emergency department (ED) intu-
bations clearly demonstrated that rapid sequence intubation
(RSI) was the method used most often. We then conducted an
observational study of the prospectively collected database of
pediatric ED intubations (EDIs) using the National Emergency
Airway Registry Phase One data, gathered in 11 participating
EDs over a 16-month time period. A data form completed at the
time of EDI enabled analysis of patients’ ages, weights, and in-
dications for EDI; personnel; methods employed to facilitate
EDI; success rates; and adverse events. Data forms were ana-
lyzed regarding the methods of intubation employed, and fre-
quencies, success rates, and adverse event rates among various
intubation modalities were compared.

Results: Of 1288 EDIs, there were 156 documented pediatric
patients. Initial intubation attempts were all oral, including
rapid sequence intubation in 81%, without medications (NOM)
in 13%, and sedation without neuromuscular blockade (SED)
in 6%. Older children and trauma patients were more likely to
be intubated with RSI compared to younger children and pa-
tients presenting with medical illnesses. Intubation using RSI
was more successful on the first attempt (78%) compared with
either NOM (47%, P < 0.01) or SED (44%, P < 0.05), though
this finding is likely explainable by the age differences among
groups. Intubation was successfully performed by the initial in-
tubator in 85% of RSI, 75% of NOM, and 89% of SED at-
tempts (P � NS for both comparisons vs RSI). Overall, suc-
cessful intubation occurred in 99% of RSI and 97% of non-RSI
intubation attempts (P � NS). Only one of 156 patients re-
quired surgical airway management. True complications oc-
curred in 1%, 5%, and 0% of RSI, NOM, and SED attempts,
respectively (P � NS for both comparisons vs RSI). The ma-
jority of initial intubation attempts were by emergency medi-
cine residents (59%), pediatric emergency medicine fellows
(17%), and pediatrics residents (10%). These groups were
77%, 77%, and 50% successful, respectively, on the first laryn-
goscopy attempt, and 89%, 89%, and 69% successful overall.

Conclusions: A large, prospective, multicenter observational
study of pediatric EDIs was conducted at university-affiliated
EDs. RSI is the method of choice for the majority of pediatric
emergency intubations; it is associated with a high success rate
and a low rate of serious adverse events. Pediatric intubation as
practiced in academic EDs, with most initial attempts by emer-
gency and pediatrics residents and fellows under attending
physician supervision, is safe and highly successful.

INTRODUCTION

Rapid sequence intubation is defined as the virtually simultane-
ous administration of a sedative (induction) agent and a neuromus-
cular blocking agent for the purpose of intubation. The term differs
semantically from the anesthetic term rapid sequence induction in
that the latter term represents activities undertaken to induce gen-
eral anesthesia, while rapid sequence intubation represents activi-
ties undertaken to achieve emergency intubation. In emergency
medicine practice, the correct term is rapid sequence intubation
(RSI), and this term is used throughout this article (1). In RSI, the
simultaneous administration of an induction agent and a neuro-
muscular blocking agent renders the patient unconscious and para-
lyzed, thus optimizing intubation conditions while minimizing the
risk of aspiration in these unfasted patients. The use of neuromus-
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cular blockade (NMB) distinguishes RSI from other methods of
emergency department intubation (EDI) but is not in itself synony-
mous with RSI.

Rapid sequence intubation has emerged as the airway method of
choice in most adult patients requiring EDI (2–5). In series con-
sisting of primarily adult patients, RSI is associated with high suc-
cess rates and low adverse event rates (2, 3, 6, 7). One adult study
demonstrated RSI to be superior to nasotracheal intubation in terms
of rates of success and adverse effects (8). Others have demon-
strated its superiority over induction without NMB (6, 7, 9–11).

The Pediatric Emergency Medicine Committee of the American
College of Emergency Physicians advocates consideration of RSI
“in every emergency intubation involving a child with intact upper-
airway reflexes” (12). Despite this recommendation, there is a
paucity of prospective data regarding current practices of pediatric
emergency department (ED) airway management, particularly with
regard to the use of RSI. There are also no published studies or se-
ries involving multiple hospital sites in different states.

We sought to assess current practices in pediatric emergency air-
way management in university-affiliated EDs through a prospec-
tively gathered database. From analysis of adult series and adult
data from the National Emergency Airway Registry Phase One
(NEAR I) database, we hypothesized that RSI had become the pri-
mary method of intubation for pediatric patients in the ED and that
RSI was associated with a high success rate and a low adverse
event rate.

Secondary goals of this study were to determine which medica-
tions were utilized to facilitate EDI in children, and to evaluate the
specialties and levels of training of physicians performing pediatric
EDIs in university-affiliated EDs.

METHODS

The NEAR was initiated in June 1996 as a consortium of 11 aca-
demic EDs in the United States. All departments are staffed by full-
time emergency medicine (EM) and pediatric EM (PEM) attending
physicians and are affiliated with fully accredited EM residency
training programs. Non-EM resident physicians also rotate through
the majority of these departments and participate in EDIs. Partici-
pating institutions are certified as level I (n � 7), level II (n � 3),
or level III (n � 1) trauma centers and have an aggregate ED cen-
sus of 610,000 patient visits per year (range, 25,000 to 120,000).
Pediatric patients (age � 18 y) are treated in nine of the EDs, which
include one designated pediatric hospital. Each hospital maintains
individual protocols regarding the institutional policy and proce-
dures for ED airway management. EDIs performed by resident
physicians are at the discretion of, and supervised by, EM and PEM
attending physicians.

Each participating center received approval for this study from
its respective institutional review board. All procedures followed
were in accordance with the Helsinki Declaration of 1975, as re-
vised in 1983. For the purposes of data collection, standard defini-
tions were agreed upon, and a data form was developed using an it-
erative process participated in by most of the centers.

During the pilot phase of NEAR (NEAR I), data were gathered
prospectively over a 16-month period (June 1996 to September
1997) on patients who presented requiring EDI to these 11 institu-
tions. After each EDI, the physician who intubated the patient com-
pleted a data collection form that included the following informa-
tion: patient’s age, gender, and weight; indication for intubation;
method of airway management; discipline and level of training of
physicians attempting intubation; number of attempts; adverse

events; and names and dosages of all medications employed for the
intubation.

The data form required physicians to identify which of five
methods were used to intubate, and these identifications were
cross-checked with the physician’s reported medication use. Intu-
bations were classified into one of the following five methods:

1) Rapid sequence intubations were oral intubations utilizing neu-
romuscular blockade prior to intubation. Generally, an induc-
tion agent was also used, but use of an induction agent was not
mandatory to satisfy the definition of RSI, because some physi-
cians would not use an induction agent on deeply comatose pa-
tients.

2) Sedative-only intubations (SEDs) were oral intubations per-
formed using any sedative agent but without neuromuscular
blockade.

3) No medication intubations (NOMs) were oral intubations per-
formed without any sedative or neuromuscular blocking med-
ications. Pretreatment with atropine, lidocaine, or both was per-
mitted in this category.

4) Nasotracheal intubations were intubations performed nasally,
regardless of medications used.

5) Cricothyroidotomy/tracheostomy included all intubations per-
formed via an incision in the neck, regardless of the medications
used.

The data form was capable of identifying multiple attempts (“at-
tempts”) within a chosen method of intubation (“course”). The
form could also track a change in method (eg, change SED to RSI
after several attempts).

Analysis of adverse events was based on self-report by the intu-
bating physicians on the study form. Previous emergency intuba-
tion studies have used various definitions of complication and have
included many events that are not true complications in that they do
not create a new condition for the patient or require an alternate
course of treatment. The NEAR protocol with respect to events oc-
curring during intubation is to identify all possible adverse events,
but to categorize them as true (immediate) complications, technical
problems, or physiologic alterations. This protocol facilitates the
reporting of all adverse events that can occur during intubation, but
characterizes as complications only those events that truly repre-
sent complications for the patient. The true complication rate
(TCR) includes adverse events directly caused by the intubation
procedure and creating a true complication for the patient. These
events include aspiration, dental trauma, emesis, epistaxis, laryn-
gospasm, lip laceration, malignant hyperthermia, trismus, unde-
tected esophageal intubation, and vocal cord avulsion. The techni-
cal problem rate (TPR) includes technical problems that arise
during or immediately following intubation and includes cuff leak,
detected esophageal intubation, dosage error, equipment failure,
mainstem intubation, self-extubation, and tube obstruction. The
physical alteration rate indicates a change in the physiologic status
of the patient either during or immediately after the procedure that
may or may not be related to the intubation. These changes include
cardiac arrest, desaturation, dysrhythmia, hypotension, pneumotho-
rax/pneumomediastinum, seizure, and severe venous bleeding.

A total of 1288 EDIs from 11 participating centers were prospec-
tively entered into a database. Pediatric patients were defined as
those 18 years of age or younger. If age was not clearly indicated
on the data form, the patient was excluded from analysis. The study
patients were divided into pediatric (age � 18 y), adult (age �
19 y), and age unknown subgroups. The patients analyzed in this
study consisted entirely of the subset of pediatric patients. Pediatric
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patients were further subdivided into four age groups thought to
represent stages in the progression from infant to adult airway
anatomy: infant/toddler (ages 0–2 y), preschool-aged (ages 3–5 y),
school-aged (ages 6–11 y), and adolescent (ages 12–18 y).

�2 Analysis (Microsoft Excel, version 7.0) was used for most sta-
tistical comparisons. t Test analysis (Microsoft Excel, version 7.0)
was utilized for comparisons of the age of patients in various
groups. P values for statistical significance for both tests were set
at 0.05.

The term intubator was employed to signify a physician who at-
tempted to intubate a patient. The percentage of patients intubated
on the first attempt and the percentage of patients intubated by the
initial intubator were used as indicators of the ease or difficulty of
intubation of various groups of patients. These statistics were su-
perior to means and medians for the following reasons: 1) means
for the number of attempts or number of intubators would have
been skewed by occasional very difficult intubations requiring a
large number of attempts or intubators, and 2) in general, the ma-
jority of patients are intubated on the first attempt or by the initial
intubator, and therefore, the group medians tend to be equal to 1.

RESULTS

Of 1288 EDIs, 1129 had an age recorded. The remaining 159
were excluded. A total of 156 (14%) of 1129 EDIs were performed
on pediatric patients. Initial intubation attempts included RSI in
127 (81%), NOM in 20 (13%), and SED in nine (6%).

We believe that few of the 159 excluded patients with no
recorded age were children. All patients (n � 45) from the one ded-
icated pediatric hospital in the study had a recorded age, so none
were excluded. A review of drug dosages for the 159 excluded pa-
tients demonstrated that two (1%) were likely children (succinyl-
choline, 50–60 mg), two (1%) were borderline (succinylcholine,
80–90 mg), 122 (77%) were likely either adults or adult-sized ado-
lescents, and 33 (21%) were unknown because they were either in-
tubated without medications (n � 21) or their drug dosages were
not recorded (n � 12).

All relevant data were available on these patients except for the
following: of the 156 patients, two (1%) lacked data on indication
for intubation, 1 (1%) lacked data on which neuromuscular block-
ing agent was used, nine (6%) lacked data on the number of at-
tempts necessary to intubate, one (1%) lacked data on the number
of physicians attempting intubation, one (1%) lacked data on the
specialty of the intubating physician, and one (1%) lacked data on
the level of training of the intubating physician. These patients
were eliminated from these analyses. The small numbers of pa-
tients with these missing data points precluded meaningful analy-
sis of whether they differed materially from the group with com-
plete data documentation.

Figure 1 shows the age distribution of RSI versus non-RSI intu-
bations. As Figure 1 and Table 1 demonstrate, just under half of the
children in the infant/toddler group were intubated using RSI,
whereas 90% or more of patients in all older age groups were intu-
bated with RSI.

Table 2 outlines the primary indications for EDI by initial
method. Of the 156 patients, 77 were trauma patients, 77 were non-
trauma, and two were unknown. More trauma patients (94%) than
nontrauma patients (69%) were intubated with RSI (P � 0.0001).
The nontrauma patients included seven cardiac arrest patients, 
of whom six (86%) were intubated orally without medications
(NOM), as would be expected. When these cardiac arrest patients
are excluded, there remains a greater proportion of trauma patients

(94%) than nontrauma patients (74%) intubated with RSI (P �
0.005).

When viewed without regard to patient age, intubation was more
successful on the first attempt using RSI (78%) compared with ei-
ther NOM (47%, P � 0.01) or SED (44%, P � 0.05). Intubation
was successfully performed by the initial intubator in 85% of RSI,
75% of NOM, and 89% of SED attempts (P � NS for both com-
parisons vs RSI). Within the infant/toddler group, first attempt suc-
cess rates for RSI, NOM, and SED were 60%, 60%, and 57%, re-
spectively, and initial intubator success rates were 75%, 73%, and
100%, respectively (P � NS for all comparisons). No other age
group had enough non-RSI patients to permit fair comparison.

Table 1 illustrates initial method attempted by age group. Com-
pared with the infant/toddler group, a significantly higher propor-
tion of patients in the preschool-aged, school-aged, and adolescent
groups were intubated using RSI (P � 0.001 for all three compar-
isons). Table 1 demonstrates a trend toward gradually increasing
success on the first attempt and by the first intubator as patients age
beyond 5 years. Ease of intubation was similar in the infant/toddler
and preschool-aged groups. There was a nonsignificant trend to-
ward easier intubation (fewer attempts and intubators) in the
school-aged group compared with the two younger groups (P �
NS, P � NS). Compared with the infant/toddler and preschool-
aged groups, EDI in the adolescent group was more successful on
the first attempt (P � 0.005, P � 0.01) and by the initial intubator
(P � 0.02, P � 0.01).

Overall, successful oral intubation occurred in the ED in all pa-
tients except for one who required an emergent tracheostomy in the
operating room. This patient was a 7-month-old boy who presented
with pneumonia, underwent induction with midazolam and suc-
cinylcholine, had 10 unsuccessful attempts by four different physi-
cians (including three attending physicians), and was finally taken
to the operating room.

The initial method was successful in 99% of RSI and 97% 
of non-RSI intubation attempts (P � NS). Two patients’ initial
method was changed to an alternate method. One was a 3-year-old
boy with traumatic arrest in the setting of head and neck trauma;
one inadvertent NOM attempt (after an intravenous line failed) was
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FIG. 1. Initial method attempted by age. NOM � no medication intuba-
tion; RSI � rapid sequence intubation; SED � sedative-only intubation.



followed by one successful RSI attempt using lidocaine, etomidate,
and succinylcholine. The other was the 7-month-old boy who un-
derwent tracheostomy after a failed RSI.

Table 3 lists adverse events by method used for the initial at-
tempt. There was an adverse event of any type in 16% of RSI, 25%
of NOM, and 22% of SED intubation attempts. When overall ad-
verse event rates were compared for RSI versus NOM and for RSI
versus SED, these differences did not reach statistical significance.
Few of these adverse events were of a serious nature. Of 27 overall
adverse events reported, 19 (70%) were technical problems (TPR)
that were easily correctable, such as detected esophageal intuba-
tions in five (19%) and mainstem intubations in 11 (41%). The
TCRs were 1% for RSI, 5% for NOM, and 0% for SED attempts.
Comparisons of the differences in TCRs, TPRs, and physical alter-
ation rates among RSI and the other two methods did not reach sta-
tistical significance.

Twenty-six percent of all patients received atropine premedica-
tion. This figure includes 40% of infant/toddler, 52% of preschool-
aged, 29% of school-aged, and 5% of adolescent patients. When
patients who received no medications are excluded, 29% of pa-
tients received atropine. This figure includes 61% of infant/toddler,
52% of preschool-aged, 55% of school-aged, and 5% of adolescent
patients.

Three neuromuscular blocking agents were used for RSI: suc-
cinylcholine was used in 90%, vecuronium was used in 7%, and
rocuronium was used in 2%. Of 127 RSI attempts, induction agents
were used in 121 (95%). Etomidate was the most frequently used
induction agent for RSI (42%), followed by thiopental (22%), mi-
dazolam (18%), and ketamine (7%). Fewer than 5% of patients un-
dergoing RSI received diazepam, fentanyl, lorazepam, methohexi-
tal, or phenobarbital. In contrast, midazolam (67%) and lorazepam
(33%) were the most popular agents for SED attempts, though this
analysis was based on only nine patients. Thiopental and ketamine
were each used in one SED intubation attempt.

Table 4 lists the specialty and level of training of physicians who
initially attempted laryngoscopy. The vast majority of initial at-
tempts were performed by EM residents (59%), PEM fellows
(17%), and pediatrics residents (10%). These groups were 77%,
77%, and 50% successful, respectively, on the first laryngoscopy
attempt, and 89%, 89%, and 69% successful overall. EM residents
were more successful than pediatrics residents on the first attempt
(P � 0.05) and overall (P � 0.05). PEM fellows approached sta-
tistically greater success on the first attempt than pediatrics resi-
dents (P � 0.07), and the difference in overall success rates did not
reach statistical significance. EM residents and PEM fellows had
identical rates of success on the first pass and overall. As demon-
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TABLE 1
Initial method, percent success on first attempt, and percent success by initial intubator, by age group

Age group RSI NOM SED Total %RSI %1 attempt %1 intubator

Infant/toddler (0–2 y) 20 15 7 42 48 60 79
Preschool-aged (3–5 y) 25 1 1 27 93 60 74
School-aged (6–11 y) 19 2 0 21 90 71 86
Adolescent (12–18 y) 63 2 1 66 95 85 94
Total 127 20 9 156 81 72 85

%1 attempt � percentage of intubations achieved on the first intubation attempt; %1 intubator � percentage of intubations achieved by the first physician to
attempt intubation; NOM � no medication intubation; RSI � rapid sequence intubation; SED � sedative-only intubation.

TABLE 2
Primary indication by initial method

Initial method

Indication RSI NOM SED Total

Airway problem 8 1 0 9
Burn/inhalation 2 0 0 2
Face/neck trauma 2 0 0 2
General management 24 0 0 24
Head injury 36 1 1 38
Traumatic arrest 0 2 0 2
Total (trauma) 72 4 1 77
Asthma 5 0 1 6
Congestive heart failure 2 0 0 2
Drug/toxin 9 0 0 9
Cardiac arrest 1 6 0 7
Status epilepticus 20 2 3 25
Sepsis 1 1 1 3
Pneumonia 2 0 1 3
Coma 2 0 0 2
Other medical 12 6 2 20
Total (medical) 54 15 8 77
Unknown 1 1 0 2
Total (overall) 127 20 9 156

NOM � no medication intubation; RSI � rapid sequence intubation;
SED � sedative-only intubation.

TABLE 3
Adverse events by initial method attempted

Initial method

RSI NOM SED
Adverse events (N � 127) (N � 20) (N � 9)

Failure to intubate 1 (1%) 1 (5%) 0 (0%)
True complication rate (TCR) 1 (1%) 1 (5%) 0 (0%)

Aspiration 0 0 0
Dental trauma 0 1 0
Epistaxis 0 0 0
Laryngospasm 1 0 0
Undetected esophageal intubation 0 0 0

Technical problem rate (TPR) 14 (11%) 3 (15%) 2 (22%)
Air leak (tube too small) 0 0 1
Cuff leak 0 0 0
Detected esophageal intubation 4 1 0
Mainstem intubation 9 1 1
Tube obstruction 0 1 0
Wrong drug dose 1 0 0

Physical alteration rate (PAR) 4 (3%) 0 (0%) 0 (0%)
Desaturation 2 0 0
Dysrhythmia 0 0 0
Pneumomediastinum 1 0 0
Pneumothorax 1 0 0

Total adverse events 20 (16%) 5 (25%) 2 (22%)

NOM � no medication intubation; RSI � rapid sequence intubation;
SED � sedative-only intubation.



strated in Table 4, EM residents’ success rates by year of training
show a learning curve in which rates of success on both the first
pass and overall improve year by year.

It should be noted that pediatric residents and PEM fellows intu-
bated a greater proportion of younger children than did EM resi-
dents. When EM residents’ intubations were stratified by age group
(infant/toddler, preschool-aged, school-aged, and adolescent), suc-
cess rates on the first attempt were 63%, 57%, 67%, and 91%, re-
spectively. Pediatric residents’ first attempt success rates in these
groups were 55%, 33%, 50%, and NA (n � 0). The corresponding
values for PEM Fellows were 63%, 71%, 100%, and 100%. No
comparisons between the groups of trainees reached statistical sig-
nificance, largely due to small numbers of patients in some groups.

DISCUSSION

Several authors have outlined the technique of RSI in the pedi-
atric patient (12–15). In addition to the discrete steps required to in-
tubate, these reviews describe considerations in the choice of pre-
medications, induction agents, and neuromuscular blocking agents.
The most basic RSI protocols require a potent sedative for induc-
tion of general anesthesia and a neuromuscular blocking agent for
paralysis. Premedications such as atropine, lidocaine, fentanyl, and
defasciculating doses of neuromuscular blocking agents are con-
sidered based on the clinical circumstances. Atropine is recom-
mended for all children under 10 years of age who receive suc-
cinylcholine (16).

There is some evidence that RSI is safe in pediatric patients.
Gnauck et al. (17) conducted a retrospective case review of 60 pe-
diatric patients intubated in their ED over a 3-year period. They ex-
cluded patients with trauma, cardiopulmonary arrest, and tricyclic
antidepressant overdose. In this series, 72% of intubations were fa-
cilitated by the use of neuromuscular blocking agents. Patients in-

tubated using NMB required fewer attempts at laryngoscopy. The
NMB patients also had lower reported adverse event rates, al-
though when “repeated attempts” is excluded from the list of ad-
verse events, this difference does not reach statistical significance.
Sokolove et al. (18) retrospectively analyzed 100 pediatric ED pa-
tients who received etomidate to facilitate intubation, of whom 99
also received NMB. All of these patients were successfully intu-
bated. However, the case-finding technique used for most of the pa-
tients in the study by Sokolove et al. (18) relied upon the CPT pro-
cedure code for endotracheal intubation, which may have missed
patients in whom ETI was attempted but was unsuccessful. Success
rates and overall complications were not a central focus of that
study.

An overview of studies of prehospital intubation of pediatric pa-
tients suggests (albeit weakly) that those performed with NMB
have higher success and safety rates. Sing et al. (19) retrospectively
analyzed records of 40 pediatric patients who underwent RSI per-
formed by paramedics in the prehospital setting; 97.5% were intu-
bated successfully. Similarly, Murphy-Macabobby et al. (20) re-
port a 97% success rate among 119 patients of all ages intubated
using RSI in the prehospital setting. This study included 20 patients
younger than 16 years, but the authors do not provide the success
rate in this pediatric group. However, even if all four of their failed
intubations were in the pediatric group, the pediatric success rate
would have been 80%. This study’s pediatric success rate was ac-
tually probably higher because (1) the 99 adults likely included
some failures, and (2) all four failed intubations were managed
with cricothyroidotomy, which is technically impossible in young
children. Another prehospital pediatric study of 355 intubations by
Brownstein et al. (11) demonstrated a lower incidence of major
complications when succinylcholine was used to facilitate intuba-
tion, even after adjustment for potential confounders. This study
lacked data on the number of failed attempts.
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TABLE 4
Success rates by discipline and level of training

No. % of 1 attempt No. % 1 1 intubator No. %1 
Discipline attempts attempts only attempts known attempt only intubators known intubator

All EM residents 92 59 66 86 77 82 92 89
EM resident, pgy1 5 3 2 5 40 2 5 40
EM resident, pgy2 28 18 18 26 69 25 28 89
EM resident, pgy3 54 35 42 51 82 50 54 93
EM resident, pgy4� 5 3 4 4 100 5 5 100

EM attendings 4 3 1 4 25 3 4 75
All pediatrics residents 16 10 8 16 50 11 16 69

Pediatrics resident, pgy1 1 1 0 1 0 0 1 0
Pediatrics resident, pgy2 6 4 4 6 67 5 6 83
Pediatrics resident, pgy3� 9 6 4 9 44 6 9 67

All PEM fellows 27 17 20 26 77 24 27 89
PEM fellow, pgy4 9 6 6 9 67 7 9 78
PEM fellow, pgy5 9 6 9 9 100 9 9 100
PEM fellow, pgy6 9 6 5 8 63 8 9 89

PEM attendings 4 3 4 4 100 4 4 100
Miscellaneous* 13 8 5 11 45 8 12 67
Total 156 100 104 147 71 132 155 85

*Miscellaneous category includes physicians in Anesthesia (3), Critical Care (3), Surgery (5), Unknown (1), and Pediatric Emergency Medicine with unknown
level of training (1).

% of attempts � percentage of all initial intubation attempts performed by this category of physician; 1 attempt only � intubations achieved on the first in-
tubation attempt; No. attempts known � records in which the number of attempts required was known (allows adjustment for nine patients with incomplete
data); %1 attempt � percentage of intubations achieved on the first intubation attempt; 1 intubator only � intubations achieved by the first physician to attempt
intubation (the physician whose data is listed on the left); No. intubators known � records in which the number of physicians attempting intubation was known
(allows adjustment for one patient with incomplete data); %1 intubator � percentage of intubations achieved by the first physician to attempt intubation; EM �
emergency medicine; PEM � pediatric emergency medicine.



In contrast, lower success rates were observed in prehospital sys-
tems in which NMB was not used. Gausche et al. (21) reported on
305 pediatric prehospital intubation attempts, of which only 58%
were successful. In this system, NMB was not available (Gausche,
Personal communication, April 2000). Boswell et al. (22) reported
on 58 pediatric prehospital intubation attempts performed without
NMB: only 66% of these were successful. Furthermore, Aijan et al.
(23) reported on 28 pediatric prehospital intubation attempts per-
formed without access to NMB: only 64% were successful. In the
patients of Aijan et al., however, NMB may not have been helpful,
as all were in cardiopulmonary arrest. Nakayama et al. (24) re-
ported 14 pediatric prehospital intubation attempts, of which only
eight (57%) were successful. Though the methods utilized are not
clearly identified in this article, other work by the same author (25)
suggests that RSI is used rarely if at all in this prehospital system.
These prehospital studies do not report uniformly on the amount of
training intubators receive, skill retention programs, or level of ex-
perience of the intubator, so it is difficult to draw hard conclusions
when comparing one to another.

One study suggests that RSI is underused in certain groups of pe-
diatric patients. Nakayama et al. (25) retrospectively analyzed 60
pediatric trauma patients who underwent emergency intubation
over a 1-year period. Some of these patients were intubated in the
prehospital setting or at other EDs prior to transfer to their facility.
These authors state that RSI was not used in 68% of the situations
in which it would have been appropriate. It is unclear from this
study, however, whether prehospital personnel who performed
some of these intubations had access to NMB agents. Furthermore,
it is unclear whether there is adequate information in the medical
record to determine fairly retrospectively whether RSI would have
been the appropriate method for any individual patient.

Our study demonstrates that in university-affiliated EDs, RSI is
the initial airway method of choice in the vast majority (81%) of
pediatric intubations. This finding is consistent with the recom-
mendations of the Pediatric Emergency Medicine Committee of the
American College of Emergency Physicians. We have shown that
pediatric emergency intubations are associated with very high suc-
cess rates, including intubations in which neuromuscular blocking
agents are used. Pediatric intubations using RSI are associated with
high success rates on the initial attempt (78%), high success by the
initial intubator (85%), and high success overall (99%). First at-
tempt success rates with RSI were significantly higher than corre-
sponding rates for NOM or SED attempts, though this finding is
likely explainable by age differences between groups. The rates of
success by the initial intubator, overall success, and adverse events
were not significantly different between methods.

When first attempt and initial intubator success was compared
within the infant/toddler group, there was no significant difference
among NOM, SED, and RSI groups, though the sample sizes were
small. Non-RSI intubations (52%) were used more commonly in
this age group compared with children over 2 years old (6%). This
finding is explainable in part by a larger proportion of cardiac ar-
rest patients in this age group. Our data demonstrate fewer attempts
and fewer intubators (ie, “easier” intubations) as children age over
5 years. We hypothesize that this finding is related to the increas-
ingly adult-like airway anatomy as children age. Physicians’ rela-
tive reluctance to use NMB in patients aged 0 to 2 years not in car-
diac arrest may stem from a perceived concern about a potential
“can’t intubate, can’t ventilate” situation in an age group in which
immediate surgical airway management is not a backup option. It
is unclear why the reluctance to use NMB was not similarly appar-
ent in the preschool-aged group (only 7% non-RSI) despite first at-

tempt and initial intubator success rates similar to those in the
infant/toddler group. It is also possible that this finding is related to
greater ease in obtaining intravenous access, which may be a
greater problem in the infant/toddler group and may partially ex-
plain the younger group’s reduced use of NMB.

Emergency medicine residents (59%), PEM fellows (17%), and
pediatric residents (10%) performed the majority of initial intuba-
tion attempts. Both EM residents and PEM fellows were 77% suc-
cessful on the first laryngoscopy attempt and 89% successful over-
all. Pediatrics residents were somewhat less successful, with 50%
success on the first attempt and 69% overall. These findings may be
related in part to the increased emphasis on and experience with air-
way management in EM and PEM training compared with general
pediatrics residency. However, they may also be explained in large
part by differences in the ages of patients that these groups of
trainees attempted to intubate. The overall high success rates and
low complication rates in this study support the safety of airway
management in academic ED settings in which residents and fel-
lows initially attempt intubation with attending physician supervi-
sion and backup.

Our findings are limited for several reasons. Although we believe
that we obtained prospective data on consecutive intubations per-
formed in each ED, we did not conduct an audit to determine whether
some EDIs were performed in the participating EDs but not entered
into the database. We do not know whether any unreported intuba-
tions differed substantially from those entered in the study. Further-
more, this study was conducted at university-affiliated EDs, many
with faculty members interested in airway management. These find-
ings may not be representative of EDs in the community, or even all
university-affiliated EDs.

Missing data points on our data forms may have affected our re-
sults. Many patients in the overall pediatric and adult cohort of
1288 patients whose ages were not recorded were eliminated from
this study. However, for the reasons outlined, we believe that very
few of these patients were children. There were nine patients whose
overall number of attempts was not recorded and one patient whose
number of physicians attempting intubation was not recorded, and
these cases were excluded from this analysis. We have no reason to
believe that these excluded patients introduced a systematic bias
into our analysis.

Although our overall sample was the largest reported to date on
pediatric ED airway management, our study’s power was limited
by having only 29 patients in the non-RSI group. This figure lim-
ited our power to perform fair comparisons among methods.

Our analysis of adverse events is based on self-reports, so there
may be a tendency to underreport. Studies of adverse events related
to intubation are plagued with such problems, including a large
variation in reported aspiration events. There is a need to develop a
standard definition of various adverse events in the emergency air-
way management literature. We have attempted to initiate this
process in NEAR I. Also, we did not evaluate long-term adverse
events and outcomes.

The most important limitation of this study is that it was neither
randomized nor controlled, and the non-RSI group is weighted to-
ward both younger children and more nontraumatic conditions. It
is also possible that non-RSI methods were attempted in patients
who appeared to be potentially more difficult to intubate. Any of
these factors or an interaction between several of them could ex-
plain in full or in part the increase in first pass success with RSI.
Data from other pediatric studies (17) and the adult literature (6, 7,
9), however, suggest that RSI is actually associated with higher
success rates with fewer attempts, and that our data are consistent
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with these. Nevertheless, our data cannot be considered to consti-
tute evidence that RSI is better or safer than other methods of pedi-
atric emergency airway management.

Similarly, we provide data on the most commonly used paralytic
and induction agents solely to define current practice in US academic
centers. This observational study provides no data to demonstrate the
superiority or inferiority of any of these paralytic or induction agents:
that any of these drugs was used more commonly than any other sim-
ply reflects the preferences of the physicians at the study centers. The
reasons underlying physicians’ choices are not clear.

A randomized trial comparing RSI to non-RSI methods would
produce the best quality data on the relative efficacy of these meth-
ods, but such a study will not likely be undertaken because of con-
sent and ethical concerns.

CONCLUSIONS

These data demonstrate that, as practiced in university-affiliated
EDs, intubation of pediatric patients is effective and safe, and that
RSI is the method utilized for most patients.
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