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e Abstract—The aims of this study were: To describe the
prevalence of Emergency Department (ED) airway man-
agement failures requiring rescue maneuvers, to describe
successful rescue methods used when the primary method
chosen is unsuccessful, and to characterize the roles of
emergency physicians and other specialists in rescue airway
management. A prospective observational study was con-
ducted of ED airway management in 30 hospitals in the
USA, Canada, and Singapore participating in the National
Emergency Airway Registry (NEAR) database project. Pa-
tients were entered in the study if they underwent ED
airway management, the first method chosen was not suc-
cessful in achieving intubation, and a rescue technique was
required. Data were collected on a structured data form for
entry into a relational database with subsequent search for
subjects fulfilling inclusion and exclusion criteria. Descrip-
tive statistics were used for analysis of these data. There
were 7,712 patients identified who underwent emergency
intubation during the study period from January 1998 to
February 2001. A total of 207 (2.7%) patient intubations
met the inclusion criteria. Of these, 102 (49%) patients
underwent rescue rapid sequence intubation (RSI). RSI
was used after failure of oral intubation with sedation alone
(n � 29), oral intubation without medications (n � 37), or
blind nasotracheal intubation (n � 36). Forty-three (21%)
patients underwent rescue cricothyrotomy after failure of
RSI (n � 26) or other intubation methods (n � 17). Seven-
ty-nine percent of rescue RSIs and 53% of rescue surgical
airways were performed by emergency physicians. In con-

clusion, a total of 2.7% of emergency intubations required
rescue. RSI is the most commonly used first line technique
for ED airway management and is also the principal
back-up technique when other oral or nasal intubation
methods fail. Emergency physicians manage the majority of
ED intubations, including those requiring rescue tech-
niques. © 2002 Elsevier Science Inc.
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INTRODUCTION

Airway management is central to the practice of Emer-
gency Medicine (EM) (1). Previous studies have de-
scribed the success rates and primary modalities used by
emergency physicians for emergency airway manage-
ment in single centers (2-5). However, management of
intubation failure and use of rescue techniques and de-
vices remain poorly characterized. Many devices and
techniques have been promoted for use in difficult and
failed airway cases, but experience with these devices in
rescue situations in the Emergency Department (ED) is
limited and there is very little literature on this topic.
Most information is from case reports or small case
series (6-11). Research in this area is limited by a rela-
tively low incidence of failed intubations in the ED,
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variations in practice among centers, and previous lack
of a mechanism for collecting and analyzing information
regarding failed ED intubations. This large multi-center
study provides a description of the techniques or devices
currently being used in the ED for rescue airway man-
agement when an initial technique fails. The specific
aims of the study are to ascertain the prevalence of failed
airway attempts in the ED, defined as airways that ulti-
mately were secured using a technique other than the one
initially embarked upon, and to describe the current use
of rescue methods in EM practice. Additionally, we
describe the current roles of EM specialists and special-
ists in other disciplines in providing airway management
in the ED.

MATERIALS AND METHODS

Database

The National Emergency Airway Registry Pilot Project
(NEAR I) was initiated in June 1996 as a consortium of
11 academic and academic-affiliated EDs in the US to
determine the feasibility of large scale, multi-center
emergency airway research and to evaluate the data form
and database system (12). Following completion of
NEAR I, the database was refined, the data collection
instrument was modified, and NEAR II was initiated in
September of 1997. The data reported here are from the
NEAR II project.

NEAR II consists of 30 participating EDs in the US,
Canada, and Singapore, each with a designated site in-
vestigator (SI). All EDs in NEAR II are staffed by
full-time EM attending physicians and most are base
hospitals or affiliates of fully accredited EM residency
training programs [n � 28 (93%)]. Non-EM residents
also rotate through the majority of these departments and
participate in emergency intubations at the discretion of
the supervising EM attending. Twenty-nine of the 30
participating institutions were certified as either Level I
(n � 23) or Level III (n � 6) trauma centers and
represent an aggregate ED census of approximately
1,750,000 patient visits per year (census range among
centers � 18,000 to 200,000). Pediatric patients are
treated in 28 of the EDs, which include one designated
children’s hospital. Each hospital maintains individual
protocols regarding intubation of ED patients and there
was no attempt to influence these protocols in this large
scale, observational study. These protocols included
choice of medications and equipment used and were
based on previously established institutional policies and
procedures. There was no requirement that emergency
physicians be responsible for airway management as a
condition of entry into the registry. Only intubations
conducted in the ED were included in the study database.

Data Collection

The second phase of the NEAR multi-center project,
NEAR II, has been completed. This analysis comprises
7,712 intubations entered as of the February 21, 2001
sampling date. Data are collected on a standardized form
at the time of emergency intubation of patients who
present to a participating hospital ED. All collected in-
formation is provided by the intubator and verified for
completeness by the SI. There are two methods of data
capture. Data entered on the standardized, structured
paper data forms designed for this purpose are forwarded
to the coordinating center at Brigham and Women’s
Hospital, where they are reviewed and entered into the
relational database (Microsoft Access, version 7.0, Mi-
crosoft Corporation, Redmond Washington) by trained
study personnel. There is alternatively an electronic ver-
sion of the data form that facilitates data entry that can be
posted to the coordinating center via the internet. Internet
based data undergo the same review as data submitted on
the paper data form. Data captured include: date and
time, patient demographics, indications for intubation,
route or method chosen, reasons why route was chosen,
specialty and level of training of person intubating, med-
ications given, number of attempts, equipment or devices
used for each attempt, vital signs, confirmation of tube
placement, immediate complications, other potentially
adverse events, and patient disposition. If an initial route
or method fails, similar information about subsequent
courses of intubation is obtained on the same form.
Participating centers agreed to document all intubations
performed in their respective EDs for the duration of the
study period. Each hospital established its own compli-
ance program to ensure capture of as many intubations as
possible. Compliance programs vary by institution and
examples include: reviews of intubation data forms
against a list of all intensive care unit (ICU) admissions,
ED billing codes, trauma admissions, deaths in the ED,
daily checks of patient logs, and use of support from
respiratory therapists who assisted with compliance and
tracking. The compliance rate for each institution, how-
ever, was not measured as part of NEAR II, and there-
fore, the population in this study is considered a conve-
nience sample. All data forms received at the NEAR
coordinating center in the Department of Emergency
Medicine at Brigham and Women’s Hospital are verified
for completeness and validity before entry into the cen-
tral database developed specifically for this purpose.
NEAR assures protection of patient confidentiality and
anonymity by assignment of a unique study identifier for
each patient. All identifying data, such as medical record
number, is maintained exclusively within the hospital in
which the patient receives care. The Human Research
Committee of each participating institution approved the
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study. A sample of the NEAR II data form is shown in
Figure 1.

Inclusion and Exclusion Criteria

All individuals intubated in the ED at participating cen-
ters were included in the NEAR II database. Patients who
underwent successful intubation in the ED and required
more than one course of intubation were included in this
study. Patients intubated by pre-hospital care providers
or in other hospital departments were not included in the
study unless they required re-intubation in the ED. Pa-
tient entries were excluded from analysis if a definitive
airway was never established despite multiple attempts
(n � 7). Additionally, entries were excluded if the role of
the emergency physician was unclear and, hence, the
ability to extrapolate to EM practice was compromised
(n � 11).

A course of intubation is defined as one or more
attempts using a particular route or method such as oral
rapid-sequence intubation, orotracheal intubation with
sedative/induction medication only, orotracheal intuba-
tion with no medications given, nasotracheal intubation
(NTI), or cricothyrotomy/tracheotomy. A course of intu-
bation may include multiple attempts by one or several
operators. An attempt at intubation is defined as a single
pass of a laryngoscope blade into the mouth or a single
pass of the endotracheal tube (ETT) into the nares. Other
routes or intubation methods were listed separately on
the data collection form.

Statistical Analysis

Data were analyzed using Stata for Windows (Stata
Corp, College Station, TX). Data are presented as per-
cent frequency occurrence for categorical variables and
continuous data are presented as means with confidence
intervals.

RESULTS

From January 27, 1998 to February 21, 2001 a total of
7,712 intubations were entered in the NEAR II database.
A total of 207 cases qualified for review based on criteria
for failed airway described above. This represents 2.7%
of all patients enrolled in the database. Among intuba-
tions requiring multiple courses, 185 (88%) were adult
(age � 18 years), 6 (3%) were pediatric (age � 17
years), and 16 (9%) had no age recorded. Of all rescue
interventions, 150 (73%) were for patients who presented
with a ‘medical’ illness (e.g., pneumonia, cerebrovascu-

lar accident, congestive heart failure). Trauma was the
presenting condition for 42 (20%) patients and in 15
(7%) the indication for intubation was not specified
(NOS).

Table 1 lists the rescue methods employed after a
failed first course of airway management. This listing is
exclusive of intubations managed with the same method
but a different operator. Of the 207 failed first course
intubations, the majority occurred when rapid sequence
intubation was not used initially (oral intubation with
sedation alone [n � 29], oral intubation without medi-
cations [n � 37], or blind nasotracheal intubation [n �
36]). Among this group, the most common rescue tech-
nique was RSI (102 [49%] of 207). A total of 81 (79%)
of rescue RSIs were performed by emergency physi-
cians.

Surgical airway technique, defined as cricothyrotomy
(including needle cricothyrotomy) and tracheostomy,
was the second most common rescue maneuver, n � 44
(21%). Overall, 55% (n � 24) of invasive airways were
done for trauma indications and of these, 75% (n � 18)
were performed for specific trauma to the head, neck and
face. Table 2 reports surgical airway counts listed by
indication and operator specialty. Most of the surgical
airways were performed by emergency physicians, 52%
(n � 23). Surgeons performed 45% of the surgical air-
ways (n � 20) with 85% of these having trauma related
indications. Furthermore, 20% of all surgical airways
performed in the ED by surgery personnel were trache-
ostomies rather than cricothyrotomies. All procedures
analyzed were performed using an open surgical tech-
nique with the exception of a single needle cricothy-
rotomy in a pediatric trauma patient. No cricotome use
was reported. In one case, Otolaryngology provided an
emergent tracheostomy for a patient with angioedema.
This case is notable as the only report of an invasive
airway provided by a service other than EM or General/
Trauma Surgery.

A total of 49 (23%) of the rescue airways were per-
formed by specialists other than emergency physicians.
Overall, this corresponds to 0.6% of all NEAR intuba-
tions. This most commonly involved establishment of a
surgical airway by a surgeon, n � 20 (9.7%). Anesthe-
siologists largely relied upon RSI as their rescue maneu-
ver of choice (85%). Table 3 summarizes the rescue
airway performance data among specialties.

Intubation adjuncts were infrequently used, and when
used, were generally in combination with RSI. Table 4
lists success rates for different adjunct devices. Fiber-
optic intubation (i.e., flexible fiber-optic bronchoscope)
was the most commonly used adjunctive technique. Of
the 10 uses reported, fiber-optic intubation was done by
anesthesiologists in 6 (60%) and by emergency physi-
cians in the remaining 4 (40%). Fiber-optic intubation
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was used as a rescue technique for failure of both para-
lyzed and non-paralyzed preliminary courses. Addition-
ally, the Oral use of the directional tracheal tube (Endo-
trol endotracheal tube) was also relatively frequently
cited (n � 8 [4%]).

Of the 207 multiple course airways reviewed, 8 (4%)
were three course interventions. These few cases dem-
onstrate not only a failed first course, but a failed second
course as well. Table 5 characterizes these primary and
secondary failures. RSI was again the most prevalent
rescue technique as 63% (n � 5) of the three course
airways were ultimately intubated using RSI. While the
group of techniques comprising secondary failures is

fairly heterogeneous, it should be noted that RSI is
absent from this group that required further rescue man-
uevers. Oral intubation using the Trachlight (Laerdal
Medical Corp., Armonk, NY) was reported as a rescue
technique in only three cases, and was not successful,
although it has been successfully used as a primary
intubation device in the NEAR II registry.

DISCUSSION

The notions of ‘difficult airway’ and ‘failed airway’ are
distinct, but related. A difficult airway is defined as an
airway that cannot be secured using usual methods
within a reasonable number of attempts. The difficult
airway may be identified before the intubation attempt is
initiated or may be evident only during the actual intu-
bation attempt. A failed airway is one in which the initial
method chosen for airway management, usually oral
tracheal intubation, is not successful and an alternative
method must be undertaken. Although failed airways
occur almost exclusively in patients with difficult air-
ways, most difficult airways are successfully managed
using the initial method chosen. Additionally, many pa-
tients identified as potentially ‘difficult’ to intubate are
easily intubated. Recommendations exist for emergency
physicians regarding identification of the difficult intu-
bation before undertaking airway management, but con-
siderable variations in practice exist (13). Although the
American Society of Anesthesiology has developed
guidelines for difficult airway management, they are
designed for use in the operating room (OR) during

Table 1. Successful Rescue Methods by Category of
Failed First Course

Successful Rescue Method

Failed First Course

Non-RSI RSI
Total

(n)

RSI Nasal � 36 N/A 102
Oral (no med) � 37
Oral (sedated) � 29

Surgical 17 26 43
Adjuncts Total 15 7 22

Fiberoptics 4 7 11
Oral Endotrol 7 0 7
LMA 2 0 2
Retrograde 2 0 2

This listing is exclusive of intubations managed with a different
operator but with the same method. Note that categories are not
mutually exclusive as various adjuncts may be used in addition
to RSI.

Table 2. Surgical Airways Listed by Indication and
Operator Specialty

Surgery Emerg Med ENT

Cric
Trauma: Face/head/
neck 10 4 0
Trauma: general 4 1 0
Medical 1 13 0
NOS 0 3 0

Trach
Trauma: Face/head/
neck 2 1 0
Trauma: general 0 0 0
Medical 1 1 1
NOS 1 0 0

Needle Cric
Trauma: Face/head/
neck 0 0 0
Trauma: general 1 0 0
Medical 0 0 0
NOS 0 0 0

Total (n) 20 23 1

Table 3. Non-Emergency Medicine Specialty Assistance

Anesthesiology Surgery

Successful rescue 23 20
Total # attempts 33 20
% rescue success 70% 100%
Preferred technique RSI (85%) Cric (75%)

Adjuncts used Fiberoptic (n � 4) Needle Cric (n � 1)LMA (n � 1)

Table 4. Success Rates for Adjunct Devices in Rescue
Airways

n (% rescues) % Success

Fiberoptics 10 (5%) 90
Oral Endotrol� 8 (4%) 75
Retrograde 3 (1.5%) 60
LMA� 4 (2%) 50
Esophageal Obtorator 1 (0.5%) 0
Trachlight� 3 (1.5%) 0
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elective anesthesia, and do not address circumstances in
which patient condition precludes postponement or aban-
donment of the intubation (14). The intubation failure
rate in previously reported ED series of 1 to 2% does not
identify how many of these failures occurred in patients
in whom difficult intubation or even intubation failure
was anticipated (4,15). However, intubation failure in the
ED often may not be anticipated and management of the
failed airway should be considered distinct from the
management of the difficult airway (16).

ED intubation failure is uncommon, and attempts to
characterize rescue techniques have been hampered by
small study size. In this large multi-center trial we have
identified a subset of patients who were considered to
have a difficult airway by virtue of the multiple courses
required to intubate them. In our study, 207 of 7,712
(2.7%) patients intubated in the ED required multiple
courses to be intubated. While this subset does not rep-
resent all of the difficult airways encountered and en-
rolled in the NEAR II database, as we anticipate that
some were successfully intubated with the initial method
chosen, it does represent a significant group for further
analysis. In particular, this subset reflects current practice
patterns with respect to difficult airway management in
the ED.

Rapid sequence intubation (RSI) is a preferred
method for emergency intubation in the ED. RSI has
been shown to facilitate intubation success, in addition to
lowering overall complication rates (17–21). Our data
reinforce the importance of RSI for rescue when another
method of airway management fails in the ED. This may
be somewhat surprising, but ‘awake’ techniques and
those using sedation alone without neuromuscular block-
ade are more prone to failure, and it seems appropriate
that providers will often turn to the highly successful
technique of RSI when this occurs. Although there are
many possible rescue strategies and devices, the most
common rescue scenario was RSI used after failure of an
awake or sedated technique. This likely represents pa-
tients in one of two groups: 1) the anticipated difficult

airway—in light of expected difficulty, an awake tech-
nique is chosen for the initial attempt. RSI is subse-
quently used when the awake technique demonstrates
that intubation will be possible, or when intubation is
simply too difficult without neuromuscular paralysis, or
2) operator preference—where oral or nasal intubation,
with or without sedation, is chosen for reasons of oper-
ator preference alone and is not successful, requiring
rescue using RSI.

Although RSI has become the favored technique for
both primary and rescue airway management, this tech-
nique does have some limitations. Successful RSI re-
quires IV access and oral laryngoscopy. While the vast
majority of all emergent intubations will be performed
effectively using standard RSI technique, knowledge of
alternative techniques is essential for both rescue and for
identified difficult airways for which RSI is not consid-
ered appropriate. The widespread use and extremely high
success rate of RSI have most likely led to a loss of
familiarity with alternative techniques (i.e., blind nasal
tracheal intubation and cricothyrotomy). Additionally,
newer infrequently used techniques (Trachlight, laryn-
geal mask airway, fiber-optic intubation) may not be
used commonly enough for the necessary skills to be
mastered without planned, structured training and skills
maintenance programs. Under circumstances where RSI
cannot be performed in a timely fashion or fails, famil-
iarity with multiple techniques will continue to be an
important skill. The potential for inadequate exposure
during training or loss of skill because of infrequent use
of these non-RSI techniques is a concern and should be
a training consideration.

Surgical airway techniques remain an important res-
cue method, particularly in trauma patients. In our study,
21% of failed first course intubations in which a second
course was attempted required a surgical airway. Nota-
bly, there was no report of cricotome use. For all intu-
bations in the NEAR database, the rate of surgical air-
ways approximates 0.5% and is similar to recent
published rates (4). Because of the common adoption of
RSI in the ED, surgical airway techniques are being
performed with lessened frequency (6). This subset of
rescues represents a small number when contrasted with
the large overall numbers of uncomplicated intubations.
However, this indicates that there still is an important,
albeit infrequent, role for this technique. The relative
infrequency of these techniques may make it difficult for
adequate skill acquisition during residency training and
skill maintenance during practice. Thus, additional train-
ing and efforts to improve skill retention are essential to
maintain functional procedural adequacy.

Adjunctive airway device use is infrequent, however,
a few points regarding the devices used are notable. The
Endotrol directional tip endotracheal tube (Mallinckrodt

Table 5. Unsuccessful Second Course Adjuncts with
Corresponding Successful Third Course Rescue

Failed Rescue
Adjunct
(2nd course) Reported (n)

Successful Salvage
(3rd course)

Trachlight� 3 RSI (3)
LMA� 2 RSI (1), Retrograde (1)
Fiberoptics 1 RSI (1)
Retrograde 1 Oral no med (1)
Oral
Endotrol�

1 LMA (1)

Total 8 RSI 63% (n � 5)
Other 37% (n � 3)
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Medical, Redding, CA) is being used for oral intubation
(rather than the nasal route for which it was developed).
This presumably offers the advantage of a dynamic en-
dotracheal tube tip for manipulation during oral intuba-
tion with laryngoscopy. Fiber-optics have been charac-
terized as part of the armamentarium for the anticipated
difficult airway in the operating suite, however, our data
indicate that it is also currently used in the ED by both
Anesthesiologists and Emergency Physicians (14,22-25).
We anticipate rapid growth in the use of fiber-optic
intubation methods for both primary and rescue airway
management in the ED as providers become more famil-
iar with the technique. There were only two definitive
airways provided through the use of the LMA among
patients requiring a rescue airway. The laryngeal mask
airway (LMA-Laryngeal Mask Airway of North Amer-
ica, San Diego, CA) does appear to have some role in ED
airway management, though its actual use in multiple
course airways appears limited. Our current database
does not list which form of LMA was used (i.e., classic
or intubating) nor in which centers this, or other rescue
devices are available. Our study is therefore inconclusive
regarding ED use of the LMA, which has been widely
accepted in the OR as an effective response to both the
difficult and failed airway.

In general, use of adjunct devices continues to be an
infrequent practice. It is unclear whether this is because
of lack of familiarity, lack of need, or lack of availability.
While availability is likely to vary widely, it is also
probable that inexperience is a contributor to infrequent
use (26). Use of these devices may become more com-
mon as emergency physicians gain familiarity with them.

The infrequent involvement of specialties other than
EM in rescue airways is notable. In this large multi-
center study, emergency physicians performed the ma-
jority of emergency intubations, and success rates with
the first method chosen were high. Additionally, EM
specialists provided more than half of all rescue surgical
airways. Surgical airways provided by surgeons nearly
exclusively occurred in the setting of trauma. There were
no surgical airways provided by services other than Sur-
gery, Otolaryngology, and EM. Anesthesiologists had
little involvement in emergency rescue airway manage-
ment in these reporting hospitals, most of which are
academic centers with anesthesiology training programs.
This may raise issues in the future for the training of
anesthesiologists, whose emergency airway management
experiences may be largely limited to inpatient code
situations or failed intubations of patients in the OR for
emergency surgery.

Our study has several important limitations. The
NEAR data are collected by each individual site, and
although compliance measures are in place, there are
undoubtedly intubations that are not captured in the

database. There may be a bias to under-report intubations
in which initial intubation failure occurred. However,
data are recorded anonymously and are, therefore, not
traceable back to the operator. Site investigators are
aware that one of the principal objectives of NEAR is to
characterize intubation methods and success and failure
rates. It would not be in the interests of the investigators
to report only ‘clean‘ intubations, as unreasonable stan-
dards with respect to success and complications might
result. Additionally, not all data fields were completed
for all patients. Sometimes important attributes, such as
age, were not provided. We chose a priori to include all
intubations for which the methods and results were
clearly provided to maximize reporting of rescue tech-
niques. These incomplete data fields are not likely to
substantially alter the analysis or conclusions. NEAR III,
which is planned for initiation in summer 2002, will have
increased data compliance standards, so may further
elucidate these issues in the future. Finally, complica-
tions of either initial or final course airways were not part
of this study as they are reported elsewhere (12).

CONCLUSIONS

Emergency physicians perform the majority of emer-
gency intubations, including rescue intubations, when
the primary method fails. Intubation failure is uncom-
mon, and rapid sequence intubation is the most common
rescue maneuver used when non-paralyzed techniques fail.
Additionally, invasive airway techniques are still important,
as almost one quarter of all multiple course airways ulti-
mately resulted in an invasive airway. Overall, however,
surgical airway intervention is required in only a small
number of cases. Airway adjuncts collectively did not rep-
resent a significant proportion of rescue airways. Involve-
ment by specialties other than EM in multiple course air-
ways is infrequent. Training and skill retention in rescue
airway techniques should be emphasized in the EM resi-
dency curriculum and in ongoing medical education.
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