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Does the Sedative Agent Facilitate Emergency
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Abstract
Objectives: To ascertain whether the sedative agent
administered during neuromuscular-blocking agent-facili-
tated intubation (rapid sequence intubation [RSI]) influences
the number of attempts and overall success at RSI.Methods:
Records were drawn from an ongoing, prospective multi-
center registry of emergency department intubations.
Conditional logistic regression stratified by institution was
used to identify factors associated with multiple intubation
attempts and unsuccessful RSI. Results: Of 3,407 intuba-
tions over 33 months in 22 institutions, 2,380 involved RSI.
After correcting for the specialty and experience of the
intubator and for the presence of airway aberrancy, the
sedative agent was significantly associated with the number
of attempts at intubation (p ¼ 0.002). Specifically, the use of
etomidate (adjusted odds ratio [OR] 0.35 [95% CI ¼ 0.17 to
0.72]), ketamine (OR 0.27 [95% CI ¼ 0.11 to 0.65]),
a benzodiazepine (OR 0.47 [95% CI ¼ 0.23 to 0.95]), or no
sedative agent (OR 0.51 [95% CI ¼ 0.23 to 1.13]) prior to
neuromuscular blockade was associated with a lower likeli-

hood of successful intubation on the first attempt, as
compared with thiopental, methohexital, or propofol. The
adjusted odds ratios for the likelihood of overall success
had similar point estimates, but did not reach statistical
significance due to lack of power (p ¼ 0.2, with 36
unsuccessful intubations). Among patients receiving etomi-
date, intubation was more likely to be successful on the first
attempt with increasing doses of either etomidate or
succinylcholine. Conclusions: Thiopental, methohexital,
and propofol appear to facilitate RSI in emergency de-
partment patients, independent of patient characteristics
or intubator training. A deeper plane of anesthesia may
improve intubating conditions in emergency patients un-
dergoing RSI by complementing incomplete muscle paral-
ysis. Key words: intratracheal intubation; intravenous
anesthetics; etomidate; hypnotics and sedatives; rapid
sequence intubation. ACADEMIC EMERGENCY MEDI-
CINE 2003; 10:612–620.

The use of neuromuscular-blocking agents (NMBAs)
to facilitate endotracheal intubation (ETI) has become
routine for the majority of non-arrested patients
requiring ETI in the emergency department (ED).1

Formal rapid sequence intubation (RSI) involves the
administration of a potent induction agent imme-
diately followed by the NMBA. The induction agent
is administered to provide rapid sedation, and to

modulate the physiologic response to ETI.2,3 There is
no consensus on the ideal induction agent for emer-
gency RSI.4–8 A number of pharmacologically distinct
medications are presently used for sedation, dissoci-
ation, hypnosis, neurolepsis, or induction of anesthe-
sia.3,6,8,9 For simplicity, these agents are collectively
referred to in this article as sedating agents (SAs).
These SAs include benzodiazepines, opioids, barbitu-
rates, propofol and etomidate. This variability in SAs
is partly due to the lack of comparative data on the
various SAs for RSI outside of the operating room,10,11

and to the limited understanding of the role of the SAs
in facilitating ETI.

The muscle paralysis achieved by the NMBA is
undoubtedly responsible for most of the improvement
in ease of intubation using RSI techniques.12–14 It has
been suggested, however, that a potent SA can further
improve the speed and success rate of NMBA-
facilitated ETI.10,15–19 It is speculated that a deeper
plane of anesthesiamay complement incompletemotor
paralysis to improve intubating conditions, and allow
earlier and easier ETI.14,16,20 Our objective in this study
was to ascertain whether the SA influences the number
of attempts and overall success at RSI in the ED popu-
lation. Demonstrating the ability of the SA to influence
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ETI speed and success would be important in guiding
SA selection for those critically ill or injured patients
who undergo emergency RSI.

METHODS

Study Design. This study was an observational,
secondary analysis of patients enrolled in the second
phase of the National Emergency Airway Registry
(NEAR II), a prospective, multicenter study designed
to characterize ED ETI. Institutional review board
approval was obtained at each participating site with
waiver of written informed consent.

Study Setting and Population. Subjects were en-
rolled at 22 institutions (United States 20, Canada 1,
Asia 1) over a 33-month period from 1997 to 1999. All
sites were staffed by full-time emergency medicine
attendings and affiliated with a certified emergency
medicine residency training program. Almost all sites
were Level I trauma centers (17) caring for both adult
and pediatric patients (20), with an average annual
census of 61,000 visits per site (range 21,000–200,000).
All ED patients given aNMBAprior to the first attempt
at ETI formed the study population for this analysis.

Study Protocol. Detailed methodology regarding the
NEAR II registry has been reported previously.21

Briefly, consecutive patients undergoing ETI in partici-
pating EDs were enrolled. Shortly after ETI, the
intubator completed a standardized form eliciting
information on patient demographics, vital signs,
indication for intubation, medications and techniques
utilized, intubator specialty and level of training,
number of courses and attempts, success, and compli-
cations. These data were then submitted either elec-
tronically or by mail to a central registry.

Measurements. The primary outcome was the ease of
intubation, the multilevel outcome of successful intu-
bation on the first attempt ( first-pass intubation),
successful intubation on multiple attempts, or failed
intubation. As defined by the National Emergency
Airway Registry, an attemptwas the attempted passage
of an endotracheal tube within a course by a specific
intubator, a course was the use of a specific technique
(e.g., oral RSI, oral unmedicated, nasal awake) and
device (e.g., MacIntosh laryngoscope, fiberoptic scope)
for ETI, and a course was considered successful if at the
end of that course the endotracheal tube was in the
trachea, regardless of the number of attempts within
that course.
Any SA administered prior to the first ETI attempt

was classified as shown in Table 1. These quasi-
pharmacologic classes were defined prospectively,
and grouped by individual SA into clinically sensible
categories based on potency and side effects at typical
RSI dosing.8,22 Although propofol is an alkylphenol,

and therefore chemically distinct from the barbiturates,
in clinical practice it is very similar to thiopental and
methohexital in its ability to rapidly induce anesthesia,
and to cause hypotension. Accordingly, propofol was
classified with the barbiturates for this analysis. To
establish a mutually exclusive coding of SA, patients
given several SAswere classified according to themost
potent medication administered at typical RSI dosing.
Thus, for example, a patient receiving fentanyl and
thiopental was considered to have primarily received
a barbiturate as the SA.

Relevant predictor covariates considered in the
analysis are listed in Table 2. Although age, heart rate,
and blood pressure are continuous variables, theywere
dichotomized as shown based on clinical intuition and
the assumption that their influencewould be nonlinear.
The intubator was considered to be the individual who
performed the first attempt at RSI.

Data Analysis. Due to the inherent data structure
arising from the multicenter nature of the registry,
conditional logistic regression using institution as the
stratification variable was used as the principal model-
ing technique. This analysis adjusts for the degree to
which patients, intubators, and other confounders
might differ between participating institutions. All
variables with significant associations were selected
from the full model, and additional covariates were
reintroduced sequentially. Each SA class was forced
into the model to test the main hypothesis.

Model selection was tested using the likelihood ratio
as a global test of significance. Interaction terms be-
tween SA class and each covariate remaining in the
model were tested individually. A more parsimonious
representation of multilevel covariates (i.e., intubator
discipline and experience) was tested by collapsing
levels not likely to differ based on clinical knowledge
and contribution to model variance. Intubator experi-
ence was also modeled as an ordinal factor as follows:
attending physician, senior resident, and junior resi-
dent/other.

To test for collinearity, the association between SA
class and all other predictor variables was quantified
using the uncertainty coefficient.23 This asymmetrical
measure of association expresses the degree to which
knowledge of the status of one categorical variable
helps predict another multilevel categorical nominal
variable, in this case SA class. It ranges from 0 to 1,
with 1 representing perfect prediction. This situation
would occur only when each level of a given predictor
variable is associated with exactly one class of SA
(e.g., all patients younger than 12 years received
midazolam, older than 65 etomidate, and the others
ketamine prior to intubation). At the other extreme, an
uncertainty coefficient of 0 would indicate non-colli-
nearity or independence between the SA class and the
given predictor variable, supporting the validity of the
logistic regression model with regard to SA class.
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Model goodness-of-fit was tested using Hosmer-
Lemeshow partitioning on the unconditional regres-
sion models (i.e., not controlling for institution) due
to software limitations. The likelihood ratio was

used as the global test of significance throughout.
Analysis was done using SAS version 8 (SAS Insti-
tute, Cary, NC), as implemented on a Sun workstation
(Sun Microsystems, Santa Clara, CA).

TABLE 2. Characteristics of Patients According to Sedative Agent Administered

Factor Barbiturate/Propofol Etomidate Ketamine Benzodiazepine Opioid/Other None

Discipline
Emergency medicine 125 (5.9%) 1334 (63%) 69 (3.2%) 371 (18%) 40 (1.9%) 170 (8.1%)
Anesthesia 27 (59%) 12 (26%) 0 (0%) 3 (6.5%) 0 (0%) 4 (8.7%)
Other 29 (13%) 122 (54%) 4 (1.8%) 47 (21%) 5 (2.2%) 18 (8.0%)

Experience*
Attending 32 (16%) 76 (39%) 13 (6.7%) 54 (28%) 5 (2.6%) 14 (7.2%)
PGY3 or 4 70 (6.7%) 757 (72%) 16 (1.5%) 110 (11%) 17 (1.6%) 75 (7.2%)
PGY1 or 2 62 (6.1%) 561 (56%) 41 (4.1%) 235 (23%) 22 (2.2%) 88 (8.7%)
Other 17 (13%) 74 (56%) 3 (2.3%) 22 (17%) 1 (0.8%) 15 (11%)

Indication for ETIy
Trauma (general) 8 (7.1%) 90 (80%) 2 (1.8%) 7 (6.2%) 3 (2.7%) 3 (2.7%)
Medical (general) 2 (2.5%) 49 (62%) 1 (1.3%) 15 (19%) 2 (2.5%) 10 (13%)
Arrest 2 (3.9%) 19 (37%) 1 (2.0%) 13 (25%) 2 (3.9%) 14 (27%)
Shock 7 (2.8%) 155 (62%) 10 (4.0%) 55 (22%) 8 (3.2%) 16 (6.4%)
Airway 20 (6.4%) 237 (76%) 2 (0.6%) 30 (9.6%) 6 (1.9%) 17 (5.5%)
Brain 100 (11%) 549 (60%) 4 (0.4%) 150 (17%) 22 (2.4%) 83 (9.1%)
Heart 7 (3.8%) 100 (54%) 6 (3.3%) 62 (34%) 2 (1.1%) 7 (3.8%)
Lung 19 (4.6%) 223 (54%) 54 (13%) 106 (26%) 6 (1.5%) 6 (1.5%)
Overdose 19 (7.5%) 147 (58%) 1 (0.4%) 35 (14%) 2 (0.8%) 49 (19%)

Trauma:medicalz 53:109 (33%) 575:772 (43%) 4:66 (5.7%) 70:333 (17%) 14:28 (33%) 43:132 (25%)

Male:female 96:70 (58%) 837:449 (65%) 37:34 (52%) 211:180 (54%) 23:21 (52%) 103:69 (60%)

Age\ 12 years 23:131 (15%) 50:1077 (4.4%) 3:65 (4.4%) 26:368 (6.6%) 3:36 (7.7%) 7:157 (4.3%)
Age[ 65 years 43:111 (28%) 307:820 (27%) 27:41 (40%) 167:227 (42%) 17:22 (44%) 36:128 (22%)

Heart rate\ 60 beats/min 3:133 (2.2%) 31:834 (3.6%) 0:55 (0%) 15:336 (4.3%) 2:35 (5.4%) 9:123 (6.8%)
Heart rate[ 100 beats/min 89:47 (65%) 545:320 (63%) 45:10 (82%) 233:118 (66%) 24:13 (65%) 76:56 (58%)
Systolic blood
pressure\ 100 mm Hg 11:128 (7.9%) 137:734 (16%) 13:39 (25%) 49:297 (14%) 8:25 (24%) 27:102 (21%)

*PGY ¼ postgraduate year of training for residents.
yETI ¼ endotracheal intubation.
zFactors beginning with Trauma:medical are binomial, and cells express the ratio (%) of present:absent for all non-missing cases.

TABLE 1. Sedative Agents Used for Emergency Rapid Sequence Intubation

Class Frequency (%) Agents Included Frequency

Total Dose
(Mean 6 SD)

in mg

Dose/kg
(Mean 6 SD)
in mg/kg*

Barbiturate 181 (7.6%) Thiopental 101 180 6 99 3.48 6 1.47
Methohexital 58 91 6 32 1.41 6 0.64
Propofol 22 56 6 39 0.81 6 0.45

Etomidate 1,468 (62%) 1,468 20.1 6 7.8 0.31 6 0.19

Ketamine 73 (3.1%) 73 111 6 47 1.67 6 0.70

Benzodiazepine 421 (18%) Midazolam 379 3.3 6 1.9 0.055 6 0.031
Diazepam 24 8.7 6 5.8 0.23 6 0.37
Lorazepam 18 3.3 6 2.5 0.070 6 0.065

Other 45 (1.9%) Fentanyly 29 109 6 78 1.65 6 0.89
Droperidol 7 24 6 23 0.21
Morphine 3 5.0 6 3.8 0.091
Other 6 n/a n/a

None 192 (8.1%) None 192 n/a n/a
TOTAL 2,380 2,380

*Both sedative agent dose and patient weight were reported for 1,321 patients (61% of relevant cases).
yDoses for fentanyl are expressed in mg rather than mg.
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RESULTS

Data forms were completed for 3,407 ED intubations.
Of these, NMBA-facilitated oral ETI was the first tech-
nique selected for 2,380 (69.9%) patients, who consti-
tute the study population for this investigation. Of the
remaining patients, 708 (21%) underwent oral in-
tubation without NMBA, 273 (8.0%) nasal, 13 (0.38%)
surgical, and 33 (0.97%) had some other intubation
technique attempted as the first course.
Among the 2,380 patients analyzed here, 1,975 (83%)

were intubated on the first attempt, and 287 (12%) on
the second. Only 36 (1.5%) patients were not success-
fully intubated during the initial course of RSI (12
underwent a second course of RSI with new medica-
tions, 11 ETIs were abandoned, 11 had a surgical
airway, one had a laryngeal mask followed by ETI over
bougie, and one had a fiberoptic ETI). Emergency
physicians performed the initial ETI attempt in 2,118
(89%) cases. The remaining 271 (11%) cases were
performed by anesthesia (46), critical care (10), family
medicine (8), internal medicine (82), paramedics (12),
pediatric emergency medicine (39), pediatrics (21),
surgery (8), and other disciplines (45). Two thousand
fifty-four (86%) of the ETIs were initially attempted by
resident housestaff, mostly in the second or third
postgraduate year of training. Most patients received
succinylcholine (n¼ 2,002 [84%], 1.766 0.72mg/kg) or
rocuronium (312 [13%], 0.97 6 0.35 mg/kg) as the
NMBA, and the rest received vecuronium (63 [2.7%],
0.176 0.07mg/kg) or d-tubocurare (3 [0.1%], 1mg/kg).
The primary SA and doses administered prior to

ETI are shown in Table 1. All but 217 (9.1%) patients
received a single SA. The most common two-agent
combination was the addition of an opioid when the
primary SAwas a benzodiazepine (105 of the 421 ben-
zodiazepine cases). Moreover, 813 (34%) of all pa-
tients received lidocaine prior to the administration of
the SA. The SA administered was significantly associ-
atedwith the ease of intubation (likelihood ratio x2df¼10

¼ 23.6, p ¼ 0.009). Partitioning23 the x2 demonstrated
that this was largely due to the association between SA
and success on the first attempt at ETI (x2df¼5 ¼ 19.8),
and in particular following the use of a barbiturate or
propofol (x2df¼1 ¼ 14.2). Table 3 shows the univariate
(unadjusted) odds ratios for successful ETI on the first
attempt and all explanatory variables considered in the
modeling. At the univariate level, only SA and
intubator experience and discipline were significantly
associated with first-pass ETI. Of note, the barbiturates
and propofol had an unadjusted odds ratio of 2.58 (95%
CI¼ 1.48 to 4.50) for first-pass intubation relative to the
other SA. This positive association was homogeneous
and always significant when other covariates, includ-
ing institution, intubator discipline, and experience,
were controlled for in preliminary bivariate analysis
(e.g., combined odds ratio 2.59 [95% CI ¼ 1.38 to 4.87],
when controlling for institution [p ¼ 0.002, Cochran-

Mantel-Haenszel], homogeneity across institutions
likely with Breslow-Day x2df¼17 ¼ 12.2).

The regression models for the primary outcome of
first-pass intubation and overall success are shown
together in Table 4. The SA administered was sig-
nificantly associated with first-pass intubation (p ¼
0.002 by likelihood ratio test x2df¼5). Specifically, the
use of thiopental, methohexital, or propofol was more
commonly associated with successful ETI on the first
attempt than was the use of etomidate, ketamine, or
benzodiazepines. Moreover, the magnitude of this
effect was clinically important. The odds of a first-
pass intubation when using a barbiturate or propofol
was approximately threefold greater than when using
etomidate, fourfold greater than with ketamine, and
twofold greater than with a benzodiazepine. There
was also a trend toward difficult ETI in patients given
NMBA without any SA. The patients not given a SA
were more likely to have arrested or overdosed.

Overall successful ETI was only weakly associated
with SA (p ¼ 0.16), after adjusting for intubator
specialty, experience, and the presence of lung or air-
way pathology as the indication for intubation. With
only 36 unsuccessful intubations in the data set, the
power to detect clinically important differences was
limited. Nevertheless, the association between SA and
successful ETI was homogeneous with the first-pass
ETImodel,with similar point estimates for the adjusted
odds ratios.

Intubator specialty and experience were both signif-
icant factors in predicting ease of intubation (both with
p \ 0.001 by likelihood ratio test). Anesthetists and
emergency physicians had similar rates of multiple
intubation attempts. Intubators from other specialties,
however, experienced from three- to sevenfold greater
odds of missed first-pass intubation. Housestaff in the
first or second postgraduate year of training also had
significantly more attempts at intubation than third- or
fourth-year trainees or attendingphysicians. The rever-
sal of these associations in the overall success model
may reflect a referral bias toward initial intubation
attempt by anesthesia or more experienced physicians
in the presence of a predictably difficult airway. The
only patient factors weakly associated with either
multiple intubation attempts or lack of success were
the presence of airway trauma (94% of airway cases),
and the lack of lung pathology as the indication for ETI.

The unconditional regression models appeared to
fit the data adequately (Hosmer-Lemeshow x2df¼8 ¼
8.2, p ¼ 0.4 for first-pass intubation; x2df¼7 ¼ 6.8, p ¼
0.5 for successful intubation). Parameter estimates for
SA odds ratios were also stable when intubator dis-
cipline and experience were collapsed across levels,
and when intubator experience was analyzed as an
ordinal factor. There was very limited evidence of
interaction between SA class and other covariates,
with no interaction term demonstrating a substantial
improvement in model fit.
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The association between SA and other explanatory
covariates is shown in Table 5. Only the variable ‘‘in-
stitution’’ was strongly associated with SA, with 36% of
the variation in SA selection accounted for by institution
alone. Intubator specialty and experience, and patient
age, vital signs, and the presence of brain or lung patho-
logy were weak influences on SA selection. No single
factor analyzed other than institution accounted for
more than 4% of the overall variation in SA. Institution
was also associatedwith number of attempts (p¼ 0.004,
Kruskal-Wallis), but not with success at ETI (p ¼ 0.3,
Fisher’s exact). These findings supported the planned
use of institution as the stratification variable for the
primary logistic regression analysis, and the validity of
SA class as a predictor rather than response variable.

For the purposes of hypothesis generation, two
unplanned secondary analyses were also performed.

First, the reclassification of propofol as a separate SA
did not affect the primary outcome models apprecia-
bly, with similar odds ratios and confidence intervals
(and an adjusted OR for propofol vs barbiturates at
first-pass intubation success 0.40 [95% CI ¼ 0.08 to
2.0]). Second, to test for evidence of a dose–response
effect of SA and NMBA on ease of intubation, un-
conditional logistic regression was performed on the
largest subgroup of patients, namely, those given both
etomidate and succinylcholine for whom a weight-
adjusted dose (in mg/kg) was available. The full
model including the two-way interaction term was re-
tained due to moderate collinearity. The model indi-
cated that increasing doses of either etomidate or
succinylcholine favored first-pass intubation at doses
encountered (model likelihood ratio x2df¼3 ¼ 12.2,
p ¼ 0.007; odds ratios etomidate 1.09, succinylcholine

TABLE 3. Univariate Analysis between Factors Modeled and First-pass or Successful Endotracheal
Intubation (ETI)

Explanatory Factor
Successful ETI: First Attempt

(First-pass Intubation)
Successful ETI:

Multiple Attempts Failed ETI
Unadjusted Odds Ratio for

First-pass Intubation* (95% CI)

Sedative agent
Barbiturate 167 (92.3%) 12 (6.6%) 2 (1.1%) 2.58 (1.48, 4.50)
Etomidate 1208 (82.3%) 235 (16.0%) 25 (1.7%) 0.88 (0.70, 1.10)
Ketamine 55 (75.3%) 16 (21.9%) 2 (2.7%) 0.62 (0.36, 1.06)
Benzodiazepine 343 (81.5%) 73 (17.3%) 5 (1.2%) 0.88 (0.67, 1.16)
Opioid/other 41 (91.1%) 3 (6.7%) 1 (2.2%) 2.13 (0.76, 5.97)
None 161 (83.9%) 30 (15.6%) 1 (0.5%) 1.07 (0.72, 1.60)

Discipline
Emergency medicine 1786 (84.7%) 291 (13.8%) 32 (1.5%) 2.40 (1.80, 3.19)
Anesthesia 43 (93.5%) 0 (0%) 3 (6.5%) 2.98 (0.92, 9.66)
Other 146 (64.9%) 78 (34.7%) 1 (0.4%) 0.33 (0.24, 0.44)

Experiencey
Attending 175 (90.2%) 15 (7.7%) 4 (2.1%) 1.98 (1.21, 3.21)
PGY3 or 4 911 (87.2%) 117 (11.2%) 17 (1.6%) 1.73 (1.38, 2.17)
PGY1 or 2 782 (77.5) 214 (21.2%) 13 (1.3%) 0.51 (0.41, 0.64)
Other 107 (81.1%) 23 (17.4%) 2 (1.5%) 0.87 (0.56, 1.36)

Indication for ETI
Trauma (general) 98 (86.7%) 11 (9.7%) 4 (3.5%) 1.35 (0.78, 2.35)
Medical (general) 69 (87.3%) 9 (11.4%) 1 (1.3%) 1.42 (0.73, 2.79)
Arrest 38 (74.5%) 11 (21.6%) 2 (3.9%) 0.59 (0.31, 1.11)
Shock 211 (84.1%) 38 (15.1%) 2 (0.8%) 1.08 (0.76, 1.55)
Airway 254 (81.4%) 48 (15.4%) 10 (3.2%) 0.88 (0.64, 1.19)
Brain 749 (82.5%) 144 (15.9%) 15 (1.7%) 0.93 (0.75, 1.17)
Heart 154 (83.7%) 28 (15.2%) 2 (1.1%) 1.05 (0.70, 1.58)
Lung 345 (83.3%) 68 (16.4%) 1 (0.2%) 1.02 (0.77, 1.36)
Overdose 211 (83.4%) 39 (15.4%) 3 (1.2%) 1.02 (0.72, 1.46)

Trauma:medicalz 643:1183 (35.2%) 97:242 (28.6%) 19:15 (55.9%) 1.20 (0.95, 1.52)

Male:female 1070:689 (60.8%) 214:124 (63.3%) 23:10 (69.7%) 0.88 (0.70, 1.11)

Age\ 12 years 98:1510 (6.1%) 14:296 (4.5%) 0:28 (0%) 1.50 (0.85, 2.66)
Age[ 65 years 507:1101 (31.5%) 84:226 (27.1%) 6:22 (21.4%) 1.27 (0.98, 1.65)

Heart rate\ 60 beats/min 48:1248 (3.7%) 12:249 (4.6%) 0:19 (0%) 0.86 (0.45, 1.64)
Heart rate[ 100 beats/min 835:461 (64.4%) 169:92 (64.8%) 8:11 (42.1%) 1.05 (0.81, 1.38)
Systolic blood
pressure\ 100 mm Hg 203:1089 (15.7%) 41:218 (15.8%) 1:18 (5.3%) 1.05 (0.73, 1.50)

*The unadjusted odds ratio expresses the likelihood of successful intubation on the first attempt when the factor is present
(odds ratios > 1 indicate greater likelihood of intubation).
yPGY ¼ postgraduate year of training for residents.
zFactors beginning with Trauma:medical are binomial, and cells express the ratio (%) of present:absent for all non-missing cases.
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1.10, interaction 0.99 per 0.1 mg/kg increase), with
a ceiling to this effect around 0.8 mg/kg etomidate.
An equivalent analysis for the next largest subgroup,
patients given midazolam, did not achieve statistical
significance despite similar point estimates.

DISCUSSION

The most fundamental and important technical out-
come for patients who undergo RSI in the ED is rapid
endotracheal intubation, as ascertained by the overall
success rate and the number of attempts at endotra-
cheal intubation. While the importance of success rate
is self-evident, failing to intubate a patient on the first
attempt is also an important measure. Most patients
undergoing emergency RSI already suffer from air-
way compromise, hypoxia, or acidosis, and these
processes are further exacerbated when ETI is delayed
following the administration of a NMBA. The
neurohormonal and hemodynamic response to ETI
is exaggerated with multiple attempts at laryngos-
copy,10 as is the potential for iatrogenic trauma during
progressive attempts at ETI. The manifest ability of
NMBA to improve these important outcomes was
responsible for the rapid adoption of RSI by emer-
gency physicians.4,6,12,13

This analysis supports the hypothesis that the SA
also plays an important role in facilitating RSI, in
addition to its roles as a neuroprotectant, modulator of
the hemodynamic response, hypnotic, amnestic, and
induction agent. While the methodology of this study
cannot demonstrate causality, the SA administered
does predict clinically important differences in ease of
intubation and success rate during emergency RSI.

Although at variance with conventional wisdom,
the ability of the SA to facilitate RSI is pharmacody-
namically plausible, particularly in the setting of the
ED. The faster onset of a deeper plane of anesthesia
could provide additional muscle relaxation to permit
ETI before the NMBA-mediated paralysis is com-
plete.17 This synergism would be expected to be more
evident in patients who are agitated, combative, or
seizing, and when the initial attempt at ETI is accel-
erated. It may also be important in patients with
reduced tissue perfusion, due to the delayed arrival of
the NMBA at its peripheral site of action.19,24 By
acting centrally, a potent lipophilic induction agent
such as thiopental or propofol may be particularly
desirable for these patients.

Our findings are consistent with data from previous
randomized clinical trials comparing SAs for RSI. The
only published randomized clinical trial of SA for RSI
by emergencyphysicians demonstrated a higher rate of
rapid intubation in patients given 5 mg/kg thiopental
rather than 0.1 mg/kg midazolam or 5 mg/kg fentanyl
prior to 1.5 mg/kg succinylcholine.10 In a randomized
controlled trial of stable patients undergoing simulated
RSI in the operating roomwith 0.6 mg/kg rocuronium,
0.3 mg/kg etomidate resulted in clinically unaccept-
able intubating conditions in 25% of patients at 60
seconds comparedwith 6%of patients given 2.5mg/kg
propofol (p ¼ 0.025).15 Indeed, propofol has also been
shown to improve intubating conditions relative to
thiopental in a similar model.17 Other studies in stable
preoperative patients and in animals have demon-
strated that intubating conditions and onset of neuro-
muscular blockade are affected by the SA regimen
selected, especially when paralysis is incomplete at the

TABLE 4. Predictors of Intubation Success

Success on First Attempt
(n ¼ 1,975/2,380)

Successful Rapid Sequence Intubation
(n ¼ 2,344/2,380)

Predictor Odds Ratio* 95% CI p-value Odds Ratio* 95% CI p-value

Sedative agent
Barbiturate 1 1
Etomidate 0.35 0.17, 0.72 0.005 0.2 0.03, 2 0.7
Ketamine 0.27 0.11, 0.65 0.003 0.05 0.003, 0.63 0.01
Benzodiazepine 0.47 0.23, 0.95 0.04 0.3 0.03, 3 0.9
Other 1.7 0.4, 6.8 0.5 0.2 0.01, 3 0.6
None 0.51 0.23, 1.13 0.1 0.9 0.05, 15 0.2

Intubator
Specialty: emergency medicine 1 1
Specialty: anesthesia 4.7 0.6, 38 0.2 0.19 0.038, 0.95 0.02
Specialty: other 0.21 0.15, 0.31 \0.001 2.6 0.34, 19 0.1
Experience: high 1 1
Experience: medium 0.7 0.4, 1.3 0.2 1.5 0.47, 4.8 0.6
Experience: low 0.31 0.17, 0.56 \0.001 1.6 0.49, 4.9 0.6

Patient factors
Lung 1.31 0.94, 1.81 0.1 10 1.3, 87 0.03
Airway 0.75 0.53, 1.06 0.1 0.52 0.24, 1.1 0.1

*Odds ratios greater than 1 indicate an increased likelihood of success after one, or multiple, attempts at intubation. Odds ratios for
the sedative agents are shown relative to barbiturates, including propofol; for specialty, relative to emergency medicine; and for
experience, relative to high (attending physician).
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time of laryngoscopy.14,16,18,19,20,25,26 Whereas these
experimental studies can show causality, the strength
of our registry-based effectiveness analysis is to
demonstrate that this effect remains detectable and
substantial in the broader target population of patients
undergoing ETI in a variety of EDs.

The trend toward more difficult intubation in the
(mostly moribund or overdosed, and presumably
comatose) patients given no SA prior to NMBA is also
consistent with this hypothesis of synergy between SA
and NMBA. The finding of a positive dose–response
effect on first-pass intubation further supports this

hypothesis, but should be regarded as preliminary
evidence at this point. The observation that midazolam
is typically used in doses well below recommended
induction doses of 0.1 to 0.3 mg/kg has been reported
previously.22 For patients receiving etomidate, in-
creased doses of either etomidate or succinylcholine
within the dose ranges in common use may be
associated with an increased likelihood of success on
the first intubation attempt. The consistent use of
etomidate near the recommended dose of 0.3 mg/kg in
the NEAR registry raises the possibility that higher
doses should be advocated for RSI. These secondary
hypotheses regarding dose–response effects should be
tested independently.

It is interesting that etomidate has become for many
emergency physicians the primary SA for emergency
RSI.5,6,27 In our data set, six of 22 institutions used
etomidate for RSI in more than 80% of cases. Propo-
nents of this agent cite hemodynamic neutrality as
a chief advantage.9 Etomidate may also have become
popular as a consequence of restricted access to
traditional induction agents such as thiopental and
propofol outside of the operating room.

Our data challenge the prevalent view that 0.3 mg/
kg etomidate is the ideal SA for the vast majority of
patients undergoing emergency RSI. These data also
suggest that 0.06 mg/kg midazolam and 1.7 mg/kg
ketamine are suboptimal as the primary SA. Further-
more, the practice of administering NMBAs without
SAs to overdose patients should be discouraged. It is
noteworthy that intubations performed by anesthe-
tists were far less likely to involve etomidate, ket-
amine, or a benzodiazepine. Does this bias reflect a
perception of the superiority of thiopental, methohex-
ital, or propofol for emergency RSI in the hands of
physicians most familiar with their use and hemody-
namic side effects?

Of course, faster and more successful intubation
should not necessarily come at the expense of
hypotension.28 Interestingly, the onset of neuromus-
cular blockade following the delayed (i.e., not RSI)
administration of 0.1 mg/kg vecuronium is accelerated
by about 60 seconds if the patient first receives 0.3
mg/kg etomidate compared with 5 mg/kg thiopental
or 2.5 mg/kg propofol, attributed to a 15% to 30% fall
in mean arterial pressure and reduced muscle
perfusion with the latter agents.24 A similar effect
has been observed with ketamine versus thiopental,
again following the delayed administration of rocuro-
nium.19 The selected use of etomidate or ketamine
may be appropriate for the patient at risk for
significant hypotension, provided the physician is
willing to modify dosing and timing, and accept the
potential for intubating conditions less ideal than
those achieved with other SAs.

Patient-specific factors, including airway aberrancy,
were onlyweakly associatedwith difficult or failedETI.
This finding can be ascribed to the inclusion of only

TABLE 5. Influence of Other Predictor Variables
on Sedative Agent Selection

Predictor Variable
Uncertainty
Coefficient* 95% CI

Patient-independent factors
Institution 0.363 0.341, 0.385

Intubator specialty
(Emergency medicine,
anesthesia, other) 0.019 0.011, 0.027

Intubator experience
(high, medium, low) 0.027 0.019, 0.035

Patient-specific factors
Gender 0.008 0.004, 0.012
Age (\12, 12–65,[65 years) 0.020 0.012, 0.028
Heart rate (\60, 60–100,
[100 beats/min) 0.021 0.013, 0.029

Systolic blood pressure
(\100, $100 mm Hg) 0.019 0.011, 0.027

Indication
Trauma 0.004 0.000, 0.008
Medical 0.001 0.000, 0.003

Indication by organ
Arrest (trauma arrest,
medical arrest) 0.004 0.000, 0.008

Shock (trauma shock;
medical cardiogenic
shock, septic shock,
unknown shock) 0.003 0.001, 0.005

Airway (trauma airway,
burn/inhalation, face,
neck; medical epiglottitis,
anaphylaxis, angioedema) 0.008 0.004, 0.012

Brain (trauma head injury,
combative; medical
stroke, status epilepticus,
coma, elevated
intracranial pressure) 0.013 0.007, 0.019

Heart (medical congestive
heart failure, pulmonary
edema) 0.006 0.002, 0.010

Lung (medical asthma,
pneumonia, chronic
obstructive pulmonary
disease, respiratory failure) 0.032 0.022, 0.042

Overdose (medical overdose) 0.009 0.003, 0.015

*The uncertainty coefficient represents the degree to which
the sedative agent selection can be anticipated based on
knowledge of the predictor variable (1 ¼ perfect prediction,
0 ¼ statistical independence).
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patients givenNMBAprior to a first attempt at ETI. The
use of etomidate, ketamine, benzodiazepines, or no SA
appears to be a more important predictor of difficult or
failed intubation than the nature of the illness or injury
leading to RSI. These observations also have significant
implications for the teaching of rapid-sequence meth-
ods to both physicians-in-training and practicing
physicians.

LIMITATIONS

We acknowledge several limitations to this study. As
with any observational study, it is impossible to
demonstrate causality, or to exclude the effect of un-
known confounders. All subjects, however, were
administered a NMBA prior to the first attempt at
ETI. This criterion would be expected to reduce the
heterogeneity of the population, as patients in whom
intubation difficulties are anticipated would be un-
derrepresented.Althoughweadjusted for level of train-
ing and specialty of the intubator, confounding might
still occur on a more subtle level. For example, emer-
gency physicians who use thiopental or propofol may
also be more technically adept at RSI, or better able to
predict a difficult intubation and avoid RSI. Such an
effectwouldbe expected to beminimal, however, based
on similar likelihood of first pass or successful in-
tubation for emergency physicians as compared with
anesthetists overall. It is also clinically implausible to
imagine that an emergency physician, anticipating
a potentially difficult intubation, would systematically
choose a given SA over another prior to administering
a NMBA.
The large proportion of initial ETI attempts per-

formed by resident housestaff reflects the academic ED
bias of the registry.While the analysis adjusted for level
of training of the intubator, this is only a proxy for the
degree of experience and ongoingmaintenance of skill.
As with intubator specialty, however, the effect size of
level of training was relatively moderate, and of about
the same order of magnitude as SA class for the most
junior residents. This suggests any confoundingwithin
the levels of training to be smaller still.
Other patient characteristics associatedwith difficult

intubation could not be controlled for in this analysis.
We did not include the Mallampati score due to con-
cerns of recall bias for this factor. Since data were self-
reported after the intubation, this scoremight be expec-
ted to be inflated after a difficult or failed intubation.
Nor did we analyze the Cormack-Lehane score of
glottic visualization during laryngoscopy as a second-
ary outcome, due to concerns regarding the reliability
of this measure, especially since there was no di-
agrammatic representation of the score on the original
study data form. The evaluation of a difficult airway
based on anatomic factors and their correlation with
subsequent laryngoscopic view and intubation diffi-

culty is the central focus of NEAR III, which began
enrolling subjects in January 2003.

Our study did not allow us to evaluate potential
complications associated with the use of different SAs.
Underreporting of comprehensive vital signs shortly
after ETI prevented reliable ascertainment of hemody-
namic outcomes. Any analysis of outcomes such as
hypotension, aspiration, and speed of intubation will
require amore intensive and structuredprotocol than is
possible using the current implementation of the regis-
try or a retrospective chart review. Before the routine
use of thiopental or propofol over etomidate or
midazolam can be recommended, these complications
should be formally tested, ideally in a clinical trial.

CONCLUSIONS

Our findings support the hypothesis that the selection
and dosing of the sedative agent can improve intubat-
ing conditions and facilitate endotracheal intubation
for patients undergoing rapid sequence intubation in
the emergency department. At doses currently recom-
mended and utilized, etomidate, ketamine, and mid-
azolam are associated with two- to fourfold greater
odds of multiple intubation attempts relative to
thiopental, methohexital, and propofol, after adjusting
for institution, intubator training, and patient-specific
factors. In selecting the medications and dosing for
emergency rapid sequence intubation, the ability of the
more potent induction agents to facilitate intubation
must be balanced against their narrower therapeutic
index. Etomidate may require doses higher than
generally recommended to consistently achieve first-
pass intubating conditions equivalent to those
achieved with propofol or the barbiturates.
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