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Introduction: No study has assessed predictors of physician choice between the succinylcholine (Succ) and 
rocuronium (Roc) for rapid sequence intubation (RSI) during the initial resuscitation of trauma patients in the 
emergency department (ED). 
Methods: We retrospectively evaluated of the use of Succ and Roc for adult trauma patients undergoing RSI at a 
Level 1 trauma center. The primary outcome was to identify factors affecting physician choice of paralytic agent 
for RSI analyzed by cluster analysis using pre-intubation vital signs and early mortality. The secondary outcome 
was to identify factors influencing physician choice of paralytic agent using a logistic regression model reported 
as adjusted odds ratios (aOR). 
Results: The analysis included 215 patients, including 148 receiving Succ and 67 receiving Roc. The two groups 
were similar in regard to age, provider level of training, mean GCS (10 vs. 10) and median ISS (27 vs. 27). Cluster 
analysis using peri-intubation patient vital signs and early mortality indicates that patients with predominantly 
abnormal vital signs and early mortality were more likely to receive Roc (74%) than those without abnormal vital 
signs prior to intubation or early mortality (24%). Hypoxemia prior to RSI (aOR 12.3 [2.5–60.9]) and the use of 
video laryngoscopy (VL) (aOR 5.5 [1.2–24.6]) were associated with the choice to use Roc. 
Conclusions: Roc was more frequently chosen for paralysis in the patient cluster with predominantly abnormal 
peri-intubation vital signs and higher rate of early ED mortality. The use of Roc was associated with hypoxemia 
prior to RSI and VL. 

© 2017 Elsevier Inc. All rights reserved. 
1. Introduction 

Rapid sequence intubation (RSI) is the recommended intubation 
method to obtain airway control in acutely-injured patients [1]. Succi­
nylcholine and rocuronium are the most commonly used paralytic 
agents for RSI in the emergency department (ED) [2]. Historically, succi­
nylcholine has been considered the paralytic agent of choice for RSI in 
the ED due its short duration of action [3], yet recent studies have dem­
onstrated similar rates of first intubation attempt success when 
rocuronium is used at optimal doses [3,4]. Despite its duration of only 
6 min, succinylcholine may be contraindicated in certain ED patient 
populations, such as those with hyperkalemia. Rocuronium has a dura­
tion of action up to 45 min, but the only known contraindication is drug 
allergy. However, the use of rocuronium by emergency providers has in­
creased dramatically over the last 15 years, and the current rocuronium 
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use for RSI may nearly approximate that of succinylcholine [2]. Further­
more, a recent study recommends the use of rocuronium, when used 
with ketamine and fentanyl, to achieve first pass success for RSI in 
out-of-hospital critically-injured patients [5]. 

While there is robust data demonstrating that succinylcholine provides 
optimal intubation conditions in patients undergoing RSI in non-ED set­
tings, there is a paucity of data on the ideal paralytic use for ED patients un­
dergoing intubation as a life-saving measure during the initial 
resuscitation period after acute traumatic injury. No study has assessed 
factors associated with the physician choice between the two paralytic 
agents for RSI during the initial resuscitation of trauma patients in the 
ED. The primary outcome was to identify factors affecting physician choice 
of paralytic agent for RSI analyzed by cluster analysis using pre-intubation 
vital signs and early ED mortality during the injured patients' resuscitation. 

2. Patients and methods 

2.1. Study setting and population 

This was a retrospective cohort study set at an academic Level 1 trau­
ma center (designated by the American College of Surgeons) in an 
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Table 1 
Patient demographics and peri-intubation conditions of the succinylcholine and 
rocuronium groups. 

Characteristics Succinylcholine Rocuronium Difference 
n = 148 n = 67  (95% CI) 

Age (mean) 38 38 −0.6 (−5.6 to 4.5)
 
ISSa (median) (IQR) 27 (27;32) 27 (27;32) –
 
GCSb (median) (IQR) 10.5 (7;15) 9 (6;14) –
 
GCS (mean) 10 10 −0.8 (−0.5 to 2)
 
Penetrating injury (%) 30 (20%) 20 (30%) 10% (−2.8 to 23)
 
Head or facial injury (%) 74 (50%) 23 (35%) −15% (−29 to 1)
 
Mortality 1 (0.7%) 7 (10.4%) 9.8% (2.3 to 17.2)
 

Operator training level 
Attending 37 (24.8%) 17 (25.3%) 0.5% (−11 to 14) 
EM PGYc 4 10 (7.3%) 7 (8.9%) 0.15% (−6 to 12) 
EM PGY 3 27 (18.7%) 12 (17.9%) −0.8% (−12 to 11) 
EM PGY 2 44 (28.8%) 18 (28.3%) −0.5% (−13 to 13) 
EM PGY 1 30 (19.4%) 13 (20.7%) 0.7% (−12 to 11) 

Oxygen saturation 
O2d Pre-RSI (median) (IQR) 99% (96;100) 97 (93;100) – 
O2 at Confirmation (median) 99% (91;100) 90 (85;91) – 
(IQR) 

Hypoxemiae Pre-RSI 2 (1.4%) 15 (22.4%) 21% (10.8 to 31) 
Hypoxemia at confirmation 25 (16.9%) 23 (34.3%) 17.4% (4.5 to 30) 

Heart rate 
Heart rate (median) (IQR) 93 (79;112) 91 (74;118) –
 
Tachycardiaf 54 (36.5%) 30 (44.8%) 8.3% (−5.9 to 22.5)
 

Laryngoscopic device 
Direct 145 (98%) 62 (92.5%) −5.4% (−1.2 to 12) 
Video 3 (2.0%) 5 (7.5%) 5.4% (12 to −1.3) 

a ISS = Injury Severity Score. 
b GCS = Glasgow Come Scale; IQR = Interquartile range. 
c EM PGY = Emergency resident post-graduation year. 
d O2 = peripheral oxygen saturation. 
e Hypoxemia = oxygen saturation b 90%). 
f Tachycardia = heart rate N 100. 
urban setting with an average ED census of 170,000 visits. The study 
was approved by the Institutional Review Board under expedited re­
view. Our institution has an ACGME-accredited 4-year emergency med­
icine (EM) residency program, and trauma intubations are performed 
by an EM resident under direct supervision by EM and anesthesia at­
tendings or by an attending at their discretion. Residents have extensive 
training in airway management through simulation lab, critical care, 
and anesthesia rotations. Our department prepares RSI medication kits 
that contain etomidate for induction of sedation and both succinylcho­
line and rocuronium for paralysis. During the study period, only 
etomidate was available for induction of anesthesia. The paralytic 
agent used for RSI was guided by attending physician preference. At 
our institution, data on peri-intubation oxygenation, operator level of 
training, direct versus video laryngoscopic methods, and need for surgi­
cal airway are recorded by the EM provider performing the intubation 
using a standardized electronic form entered into the electronic medical 
record after the intubation. 

2.2. Study protocol 

We conducted retrospective data collection adhering to the guide­
lines used to reduce bias inherent to retrospective study designs en­
dorsed by the American College of Emergency Physicians [6]. The
electronic medical record was searched to find trauma patients of age 
18 or older who were intubated in the ED using either succinylcholine 
or rocuronium as a paralytic agent for RSI between January 1, 2011 
and December 31st 2015. Data was retrospectively collected from the 
standardized intubation data entered into the electronic medical record 
and on patient age, presenting Glasgow Coma Scale (GCS), calculated 
Injury Severity Score (ISS), heart rate, ED mortality, and whether the pa­
tient had penetrating trauma, blunt trauma, trauma to the head or face, 
or end-stage renal disease (ESRD). Data was collected by trauma pro­
gram coordinators who had been trained for and involved in continuous 
quality improvement database collections using a standardized data 
collection form. Patients were excluded if they were missing documen­
tation or were intubated after leaving the ED. We found no previous 
studies on which to base a sample size calculation. The primary outcome 
was to identify factors affecting physician choice of paralytic agent for 
RSI analyzed by cluster analysis using pre-intubation vital signs and 
early mortality. The secondary outcome was to identify factors influenc­
ing physician choice of paralytic agent by using a multivariate logistic 
regression model reported as adjusted odds ratios (aOR). 

2.3. Data analysis 

Patients were categorized into two groups based on the paralytic 
used. Patient demographic data, GCS, ISS, blunt versus penetrating inju­
ry, the presence of facial or head injury, operator level of training, peri­
intubation oxygenation saturation rates, presenting heart rate, present­
ing systolic blood pressure, the frequency of direct versus video laryn­
goscopy, and rates of ED mortality were compared between the two 
groups. The data collection form was double-checked by the study in­
vestigators, and we found no incorrect data entries among the included 
patients. An unpaired Student's t-test was used to compare the vari­
ables, and the difference between the means with 95% confidence inter­
val (95% CI) is reported between the two groups. 

A two-step cluster analysis was performed to cluster patients into 
groups based on the presence of pre-RSI hypoxemia (oxygen saturation 
b90%), tachycardia (heart rate N 100 beats per minute), hypotension 
(systolic blood pressure b90 mm Hg), and early ED mortality. We 
chose to include early ED mortality in our cluster analysis and logistic 
regression, because we considered the resuscitating physician's gestalt 
that a trauma patient is at high risk for mortality may have affected phy­
sician choice of paralytic agent. Two-Step cluster analysis was devel­
oped using the steps of 1) pre-clustering of cases using a sequential 
approach and 2) the clustering of cases using a hierarchical technique 
[7]. The patient clusters were analyzed for significant differences in 
the frequency of rocuronium use for RSI using a one-way analysis of var­
iance (ANOVA). 

A multivariable logistic regression analysis was performed to evalu­
ate the association between the physician choice to use rocuronium and 
the available variables. We considered all confounders available in our 
data and intended to create a model based on relevance to the outcome 
(physician choice to use rocuronium). We included the following con­
founding variables in the model: pre-RSI hypoxemia, tachycardia, hypo­
tension, early ED mortality, laryngoscopic device used, GCS b 8, and the 
presence of head or facial trauma. The goodness of fit of the model was 
checked by the Hosmer-Lemeshow test. The model was checked for 
multicollinearity by evaluating variance inflation factors among the in­
cluded variables. A p-value of b0.05 was used to determine significance. 
All analysis was conducted using SPSS v. 23.0 (IBM, SPSS Inc., Chicago, 
IL). 

3. Results 

216 patients were identified during the 4 year period who met our 
inclusion criteria. One patient (who survived) was excluded because 
of incomplete data. 215 patients were included in our analysis. There 
were 148 (69%) patients in the succinylcholine group and 67 (31%) pa­
tients in the rocuronium group. The groups were similar demographi­
cally with regard to age and intubating provider levels of training and 
recorded severity of injury (Table 1). 53% of intubations were performed 
by residents. The level of training of the intubating provider did not dif­
fer between groups. The groups were similar with regard to penetrating 
injuries, yet the succinylcholine group had a higher rate of head and 
facial trauma (50% vs. 34%). The rocuronium group had a similar GCS 
mean (10 vs. 10) and ISS median values (27 vs. 27) to the 
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Table 3 
Multivariate logistic regression analysis for physician choice of rocuronium for RSI 

Variable Adjusted odds ratio 95% CI p-Value 

Paralytic agent 
No Pre-RSI Hypoxemiaa Reference 
Pre-RSI Hypoxemia 12.3 2.5–60.9 0.002 

Heart rate 
No tachycardiab Reference 
Tachycardia 1.3 0.7–2.5 0.438 

Blood pressure 
No hypotensionc Reference 
Hypotension 2.2 0.6–7.6 0.232 

Early ED mortality 
No early mortality Reference 
Early ED mortality 3.7 0.3–44.5 0.307 

GCSd 

GCS 9–15 Reference 
GCS ≤ 8 1.3 0.7–2.4 0.513 

Laryngoscopic device 
Direct Reference 
Video 5.5 1.3–24.6 0.025 

Presence of head or facial injury 
No head or facial injury Reference 
Head or facial injury 0.8 0.4–1.5 0.455 

a Hypoxemia = oxygen saturation b 90%. 
b Tachycardia = heart rate N 100. 
c Hypotension = systolic blood pressure b 90 mm Hg. 
d GCS = Glasgow Coma Scale. 
succinylcholine group. The presence of tachycardia at the time of RSI 
was more frequent in the rocuronium group (44.8% vs. 36.5%) (mean 
difference of 8.3%; 95% CI - 5.9 to 22.5). Pre-RSI hypoxemia was higher 
in patients receiving rocuronium (22.4% vs. 1.4%). Oxygenation at the 
time of confirmation of intubation was lower in the rocuronium (medi­
an 90% vs. 99%). Video laryngoscopy was used more frequently among 
those receiving rocuronium (7.5% vs. 2%). None of the patients included 
in our analysis had end-stage renal disease. 

Mortality was higher in the rocuronium group (10.4%) than in the 
succinylcholine group (0.7%) (difference of 9.8%; 95% CI 2.3–17.2). 
Only 8 patients died in the ED in our study, and only one of these 8 
had head or facial injury. The mechanism of injury of the 8 patients 
who died were due to gunshot wound in 4 patients, stab wound in 2 pa­
tients, fall in one patient, and being struck by a vehicle in one patient. 
The patient who died in the ED with a head and facial injury was struck 
by a vehicle and presented without hypoxemia but has a GCS of 3 on ar­
rival and an ISS of 51. All patients with ED mortality died within the first 
hour of resuscitation after both initial injury and ED presentation. All but 
one patient (requiring surgical airway) were intubated successfully. 
Table 1 includes the patient demographics, operator level of training, 
peri-intubation conditions, laryngoscopic device used, and the mortality 
incidence between the two groups. 

The two-step cluster analysis identified 3 clusters of patients: 1) 
those without pre-RSI hypoxemia, tachycardia, hypotension, or early 
ED mortality 2) those with tachycardia and a low risk of ED mortality, 
but not pre-RSI hypoxemia or hypotension and 3) those who predomi­
nantly had pre-RSI hypoxemia, tachycardia, hypotension, and a high 
risk of ED mortality. Each cluster had 120, 68, and 27 patients, respec­
tively. The number of patients receiving video laryngoscopy in each 
cluster was 6, 2, and 0, respectively. The one-way ANOVA between the 
clusters for the outcome of the use of rocuronium indicate there were 
significant differences between the groups (p b 0.001). The results of 
the cluster analysis are reported in Table 2. 

In the multivariable logistic regression model to identify variables 
associated with the physician choice to use rocuronium instead of suc­
cinylcholine, only pre-RSI hypoxemia and use of video laryngoscopy 
were associated with the use of rocuronium (Table 3). The adjusted 
odds ratios (aOR) for pre-RSI hypoxemia and use of video laryngoscopy 
were 12.3 (95% CI 2.5–60.9; p = 0.002) and 5.5 (95% CI 1.2–24.6; p = 
0.025), respectively. There was no multicollinearity detected between 
variables included in the model. According to the Hosmer-Lemeshow 
goodness of fit test  (p = 0.492), the model fit the  data  well.  

4. Discussion 

This is the first study to assess peri-intubation factors associated 
with physician choice of paralytic agent for RSI during the initial resus­
citation of trauma patients in the ED. The most important finding of our 
study is that patients with abnormal vital signs prior to intubation or 
Table 2 
Cluster analysis of patients by pre-RSI vital signs and early ED mortality for the evaluation 
of the outcome of physician choice to use rocuronium. 

Cluster 1 2 3
 

n (% of total) n = 120 (55.8%) n = 68 (31.6%) n = 27 (12.6%)
 

Pre-RSI vital signs 
Hypotensiona 0 (0%) 0 (0%) 18 (66.7%) 
Tachycardiab 0 (0%) 68 (100%) 16 (59.3%) 
Hypoxemiac 0 (0%) 0 (0%) 17 (63%) 
Early ED mortalityd 0 (0%) 2 (2.9%) 6 (22.2%) 

Outcome 
Rocuronium 29 (24.2%) 18 (26.5%) 20 (74.1%) 

a Hypotension = Systolic blood pressure b 90 mm Hg. 
b Hypoxemia = Oxygen saturation b 90%.
 
Tachycardia = heart rate N 100.
 

d Early ED mortality = died during initial emergency department resuscitation. 

c 
early ED mortality were more likely to receive rocuronium. Additionally, 
we found that the use of rocuronium was associated with hypoxemia 
prior to intubation and the use of video laryngoscopy. This study invites 
the question of why ED providers were more likely to give rocuronium 
to patients who were more sick, as there is no clear physiologic or phar­
macologic reason why this would be a superior choice of paralytic agent. 

We attribute the wide confidence intervals in our logistic regression 
analysis to be due to our inclusion of a heterogeneous trauma popula­
tion. Because we did not account for factors such as the Mallampati 
score or other indicators of difficult airway [8,9] aside from head of facial 
trauma, it is unclear why providers choosing rocuronium for paralysis 
were more likely to use video laryngoscopy. Video laryngoscopy in trau­
ma patients has been associated with longer intubation times, but not 
mortality [10]. Video laryngoscopy has not been demonstrated to be su­
perior to direct laryngoscopy to achieve first endotracheal tube pass 
success in trauma patients [10,11], unless there are multiple predictors 
of difficult airway [11]. In this study, very few patients underwent video 
laryngoscopy, and in cluster 1 (those without pre-RSI hypoxemia, 
tachycardia, hypotension, or early ED mortality) 6 patients underwent 
video laryngoscopy, while zero of the patients in cluster 3 (those who 
predominantly had pre-RSI hypoxemia, tachycardia, hypotension, and 
a high risk of ED mortality) underwent video laryngoscopy. The 
rocuronium group in our study had similar mean GCS and median ISS 
scores. Both study groups had high ISS scores N25, corresponding to 
severely-injured patients with high mortality rates [12]. 

Physicians performing the intubation documented a portion of our 
study variables themselves, and it is possible that measurement bias 
was introduced. The primary outcome of our study was physician choice 
to use rocuronium, and we believe it is unlikely that this would be 
misrepresented or documented erroneously in the medical record. The 
use of only etomidate for induction increases the generalizability of 
our data to trauma patients receiving etomidate during RSI in the ED, 
yet it is possible that our results may have been different using a differ­
ent induction agent. Although we addressed the selection bias between 
the two paralytic agents using peri-intubation physiological factors via 
cluster analysis, there may have been other unaccountable factors 
influencing physician choice of paralytic agent not detected in this 
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study due to the limitations of a retrospective analysis. Furthermore, we 
were unable to collect data on anatomic variables, such as predictors of 
difficult airway [8,9], other than the presence of facial trauma that may 
have affected choice of paralytic agent. 

5. Conclusions 

In conclusion, the resuscitating physician was more likely to choose 
rocuronium for paralysis during RSI in the patient cluster with predom­
inantly abnormal peri-intubation vital signs and higher rate of early ED 
mortality. Furthermore, the use of rocuronium was associated with hyp­
oxemia prior to RSI and the use of video laryngoscopy. 
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