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Abstract

Rationale: The neuromuscular blockade dose may affect intubation success on the first attempt, thereby impacting outcomes
for patients undergoing emergency tracheal intubation.

Objectives: To evaluate the association between rocuronium dose and tracheal intubation outcomes among adults undergo-
ing emergency tracheal intubation in the emergency department (ED) and intensive care unit (ICU).

Methods: We conducted a secondary analysis of data from two multicenter randomized controlled trials studying airway
management in the ED and ICU. We compared patient characteristics and intubation outcomes between patients receiv-
ing high-dose (>1.2 mg/kg) versus standard-dose (1.2 mg/kg) rocuronium. The primary outcome was successful intuba-
tion on the first attempt. We used propensity matching to account for measured potential confounders, stratified by
setting.

Measurements and Main Results: Participating sites included 9 EDs and 24 ICUs in the United States. Among 2440 patients in
the trial datasets, we included the 1822 (74.7%) patients who received rocuronium in the current analysis. Of these, 720
(39.5%) received high-dose rocuronium, and 1102 (60.5%) received standard-dose rocuronium. Participants receiving
high-dose rocuronium had a higher probability of successful intubation on the first attempt (adjusted relative risk [RR] 1.07,
95% confidence interval [CI] 1.02-1.12). This difference in the primary outcome was not present for ED intubations (adjusted
RR 0.97,95% Cl 0.89-1.04) but was present for ICU intubations (adjusted RR 1.13,95% Cl 1.06-1.20).

Conclusions: In this secondary analysis, high-dose rocuronium (>1.2 mg/kg) was associated with higher first-attempt success.

Given the potential for unmeasured confounding, these findings warrant evaluation in a randomized controlled trial.

Keywords intubation, emergency, rocuronium, critical care, first pass success

At a Glance Commentary

the FDA label (0.6-1.2 mg/kg).

was 1.13 with a 95% Confidence Interval of 1.06-1.20.

Scientific Knowledge on the Subject: Rocuronium is a non-depolarizing neuromuscular blockade agent commonly used for intuba-
tion in the critically ill. This agent facilitates favorable intubation conditions when administered within the dose range prescribed by

What This Study Adds to the Field: Among adults undergoing intubation with rocuronium in Emergency Department and Intensive
Care Unit settings, patients receiving doses in excess of 1.2 mg/kg experienced higher first pass success. This finding was specifically
observed amongICU patients for whom the adjusted relative risk of first pass success among those receiving >1.2 mg/kg of rocuronium

Introduction

Critically ill patients in emergency departments (ED) and intensive
care units (ICU) frequently require tracheal intubation.}?
Emergency tracheal intubation is a high-risk procedure, with
1.0%-3.1% of patients experiencing cardiac arrest during intuba-
tion.>* Successful intubation on the first attempt may be associ-
ated with lower rates of complications during intubation,
including hypotension, hypoxemia, and death.>® Intubation suc-
cess is largely a function of the rapidity of achievement of optimal
intubating conditions.”

Use of a neuromuscular blocking agent during rapid sequence
induction and intubation seeks to optimize intubating conditions
by relaxing the muscles of the jaw, upper airway, and laryngeal
structures. Relaxation of the diaphragm and intercostal muscles
further assists intubation through suppression of coughing, vom-
iting, and straining. These effects, along with the reduction of the
time interval between unconsciousness and tracheal intubation,
reduce the risk of aspiration. Use of these agents is particularly
important among critically ill and injured patients for whom use
of sedatives may cause hemodynamic compromise. The speed of
onset of neuromuscular blockade is a function of the time for the
agent to reach the effect site and the concentration gradient at
the effect site. Clinicians may facilitate rapid arrival of the agent to

the neuromuscular junctions by augmenting cardiac output with
sympathomimetics® or by following agent administration with
saline flushes.® Clinicians may impact the concentration gradient
at the neuromuscular junction by increasing the administered
dose of the neuromuscular blocking agent. This latter mechanism
of increasing speed of agent effect is the focus of the present
analysis.

Rocuronium is the most used non-depolarizing neuromuscular
blocking agent.®! This medication has a faster onset than other
non-depolarizing neuromuscular blocking agents due to its lower
potency, which permits accumulation of a larger concentration
gradient at the effect site when administering a larger number of
molecules.”? However, among patients receiving rocuronium, lim-
ited data exist comparing outcomes based on the dose
administered.

The rocuronium Federal Drug Administration (FDA) drug label lists
a dose range of 0.6-1.2mg/kg.”* Randomized trials comparing rocu-
ronium to succinylcholine, a common depolarizing alternative
blockade agent, have often shown superior intubating conditions
with succinylcholine. However, these trials have used doses less
than 1.2mg/kg, the maximum dose recommended in the FDA
label.* Rocuronium doses used in clinical practice frequently exceed
this maximum dose.* Observational data from ED settings suggest a
dose-response relationship between rocuronium and successful
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intubation on the first attempt. These data indicate marked improve-
ment in first attempt intubation success at doses above the 1.2mg/
kg upper dose range defined by the drug label.”* This finding may
reflect faster or more complete saturation of acetylcholine receptors
at the neuromuscular junction with higher doses of rocuronium.

Utilizing data for patients enrolled in two prior randomized tri-
als of emergency tracheal intubation in the ED or ICU, we com-
pared outcomes between patients who received high-dose
(>1.2mg/kg) rocuroniumand patientswhoreceived standard-dose
rocuronium (<1.2mg/kg).***” We hypothesized that receipt of
high-dose rocuronium would be independently associated with a
higher likelihood of successful intubation on the first attempt,
compared with receipt of standard-dose rocuronium.

Methods
Study design and setting

We performed a secondary analysis of data from two concurrent
multicenter randomized controlled trials of adults undergoing
emergency airway managementin ED and ICU settings. The Direct
versus Video Laryngoscope (DEVICE) trial randomized partici-
pants to either direct or video laryngoscopy.* The Pragmatic Trial
Examining Oxygenation Prior to Intubation (PREOXI) randomized
participants to preoxygenation by either face mask or noninvasive
positive pressure ventilation.'’

In these trials, the choice of neuromuscular blocking agent and
dose administered were determined by treating clinicians and were
not part of trial interventions. The Department of Defense Office of
Human Research Oversight determined that this secondary analy-
sis of the de-identified datasets was nonhuman subjects research.

Participants

Both trials enrolled adults (=18years of age) undergoing emer-
gency tracheal intubation at participating EDs and ICUs. This anal-
ysis included all participants who received rocuronium in these
trials. We excluded participants who received multiple neuromus-
cular blocking agents or for whom data were missing for body
weight or total rocuronium dose.

Measurements

In both trials, trained independent observers who were not
involved in the intubation procedure prospectively collected out-
come data and patient characteristics, including demographics
and pathologic conditions.’®* We determined weight-based doses
using the administered dose of rocuronium and the actual body
weight recorded in the electronic health record. We conducted our
main analysis using actual body weight based on the FDA label
dosing instructions.® After the procedure, the intubating operator
recorded glottic view, perceived difficulty of the procedure, intu-
bation success, and peri-intubation complications.

Outcomes

The primary outcome was successful intubation on the first
attempt. We defined this outcome as the placement of an

endotracheal tube in the trachea with a single insertion of a laryn-
goscope blade into the mouth and either a single insertion of an
endotracheal tube into the mouth or a single insertion of a bougie
into the mouth followed by a single insertion of an endotracheal
tube.” Determination of successful endotracheal tube placement
was at the discretion of the intubating provider, and there were no
prescribed confirmatory tests. However, all sites reported routine
use of capnography. Secondary outcomes included the time to
successful intubation, defined as the time elapsed from induction
of anesthesia until insertion of the tracheal tube into the trachea.
Additional secondary outcomes included severe complications
during the time between induction and twominutes after
intubation, including severe hypoxemia (peripheral oxygen
saturation<80%), severe hypotension (systolic blood pressure
<65mmHg), or cardiac arrest. The two-minute time horizon is in
accordance with the methodology of prior trials conducted by the
Practical Critical Care Research Group.”

Analysis

Sensitivity analyses included weight-based doses calculated
using ideal body weight (IBW, estimated healthy weight based on
height and sex) and adjusted ideal body weight (AIBW).* We gen-
erated distribution plots to demonstrate the frequency of each
weight-based dose.

Missing data were handled using multiple imputations by
chained equations with 10 imputed datasets, and parameter esti-
mates in the following models were combined using Rubin’s
rules.?>* We then created balanced datasets in the imputed data
using propensity matching over common covariates, including
variables showing significant imbalance between those receiving
high- vs standard-dose rocuronium.?* We used optimal full
matching. We calculated absolute and standardized mean differ-
ences of variables and generated a Love plot to portray covariate
balance before and after matching. We then estimated outcome
probability as a function of rocuronium weight-based dosing as a
continuous variable using natural splines with site as a random
effect to account for unobserved differences between locations.

Next, we compared participants who received high-dose rocu-
ronium (>1.2mg/kg) to participants who received standard-dose
rocuronium (<1.2 mg/kg) using a generalized linear mixed effects
modelincluding dose level as the main predictor and study center
as a random effect.”® We selected this threshold based on the
upper bound of the dosing listed for rapid sequence intubation in
the FDA label.** We constructed a receiver operator curve (ROC) to
assess the acceptability of alternative threshold values. We con-
ducted adjusted analyses for the primary outcome of successful
intubation on the first attempt and secondary outcomes as
defined above. These analyses adjusted for age, sex, race, BMI,
site type, laryngoscope type, device used on first laryngoscope
insertion, operator clinical specialty, operator level of training,
systolic blood pressure at induction, baseline oxygen saturation,
and pre-oxygenation method.

Time to successful intubation was analyzed using the cumula-
tive proportion of intubations as time increased. Specifically, we
compared time-to-event for successful intubation on the first
attempt among participants who received standard- versus
high-dose rocuronium. We then stratified all analyses by multiple
potential effect modifiers, including setting (ED or ICU), patient
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type (medical or trauma), and laryngoscope type (direct or video).
We adjusted our significance threshold with a conservative
Bonferroni correction to account for the multiple comparisons
introduced by the stratified analyses. With 14 subgroup analyses
planned, this corresponds to a threshold of 0.05/14=0.0036. We
conducted all statistical analyses using the R programming lan-
guage, version 4.5.1 (R Core Team, R Foundation for Statistical
Computing, Vienna, Austria).

Results

Among 2440 participants in the original trial data sets, 1822
(74.7%) met criteria for inclusion in the current analysis. Reasons
for exclusions were 571 (23.4%) participants who were not admin-
istered rocuronium, 39 (1.6%) participants without a dose
recorded, 7 (0.3%) participants who were administered multiple
neuromuscular blockers, and 1 (<0.1%) participant whose weight
was not recorded. Of included participants, 720 (39.5%) received
high-dose rocuronium (median dose 1.4mg/kg of actual body
weight, interquartile range [IQR] 1.3-1.6 mg/kg; median absolute
dose 100mg, IQR 100-100mg) and 1102 (60.5%) received
standard-dose rocuronium (median dose 1.0mg/kg of actual
body weight, IQR 0.9-1.1 mg/kg; median absolute dose 100 mg,
IQR 70-100 mg; Table 1).

The variables used for propensity score matching were site
type, age, sex, race, BMI, laryngoscope type, device used on first
laryngoscope insertion, operator clinical specialty, operator level
of training, and systolic blood pressure at induction. Notably,
standard-dose rocuronium recipients had higher BMI, likelihood
of sepsis or septic shock, and slightly higher likelihood of antici-
pated intubation difficulty, but a lower likelihood of traumatic
injury compared to high-dose rocuronium recipients. ROC analy-
sis suggested an optimal rocuronium dose threshold of 1.1 mg/kg,
which was near the threshold we selected from the labeling
(Figure S1).

Among patients who received high-dose rocuronium, success-
ful intubation on the first attempt occurred in 641 of 720 partici-
pants (89.0%) compared to 899 of 1102 participants (81.6%) who
received standard-dose rocuronium (relative risk [RR] 1.09, 95%
confidence interval [Cl], 1.05 to 1.13). The raw effect size differ-
ence in first pass success was 7.4% (95% Confidence Interval
4.1%-11.0%, Table 2). The distribution of doses skewed toward
higher weight-based doses received among participants more
likely to undergo successful intubation on the first attempt
(Figure 1). Asignificant relationship between dose and probability
offirst-attempt success exists, with the natural spline P-value<.001.

Adjusted analyses revealed that participants who received
high-dose rocuronium had a higher likelihood of successful intu-
bation on the first attempt (RR 1.07, 95% Cl 1.02-1.12; adjusted
absolute risk difference [ARD] 5.45%, 95% CI 0.1%-9.5%; number
needed to treat [NNT] 18.3,95% CI 10.5-73.2). Stratified by setting,
this finding was present only among intubations occurring in ICUs
(RR 1.13, 95% Cl 1.06-1.20; ARD 10.3%, 95% Cl 5.4%-15.2%; NNT
9.7,95% Cl 6.6-18.5), and was not observed in EDs (RR 0.97, 95% Cl
0.89-1.04); the modification was statistically significant (P=.002).
Another subgroup demonstrating benefit with evidence of effect
modification was patients receiving ketamine. Other subgroups
demonstrating benefit without significant modification include
intubations in which a bougie was not used, participants

undergoing intubation with a video laryngoscope, participants
with non-trauma indications for intubation, and participants with
BMI >35 (Figure 2). Controlling for trauma did not materially
change the finding that patients intubated with a bougie did not
experience benefit with high-dose rocuronium (RR 1.00 among
medical patients versus 0.96 among trauma patients, P=.582).

Missing data were limited (maximum missingness 7.6% for any
single variable, Figure S2) and handled via multiple imputation by
chained equations with 10 imputed datasets. Optimal full matching
achieved excellent covariate balance, with maximum standardized
mean differences below 0.07 after matching (Figures S3 and S4).

We did not observe any significant association between rocuro-
nium dose and peri-intubation hypoxemia, hypotension, new or
increased use of vasopressors, or cardiac arrest.

Time to event analyses demonstrated an association between a
shorter time interval from induction of intubation to successful
intubation on the first attempt among participants who received
high-dose rocuronium (Figure 3).

Additional analyses repeated all comparisons using ideal body
weight and adjusted ideal body weight. There was no material
impact on the results using these analyses (Supplementary
Appendix).

Discussion

This secondary analysis of data from 1822 critically ill adults
undergoing emergency tracheal intubation in two randomized tri-
als demonstrated an association between the dose of rocuronium
administered and outcomes of the intubation procedure.
Participants who received high-dose (>1.2mg/kg) rocuronium
were more likely to experience successful intubation on the first
attempt compared to participants who received standard-dose
(<1.2mg/kg) rocuronium.

Rocuronium is a non-depolarizing neuromuscular blockade
agent. This contrasts with succinylcholine, which is a depolarizing
agent. A recent trial randomizing patients to either intravenous
pretreatment with magnesium and rocuronium versus succinyl-
choline failed to demonstrate superior intubating conditions in
either arm.?” However, other studies have found inferior intubat-
ing conditions with rocuronium. A multi-center pre-hospital rand-
omized trial compared first attempt intubation success between
1mg/kg of succinylcholine versus 1.2mg/kg rocuronium and
failed to demonstrate non-inferiority with rocuronium.? Similarly,
a meta-analysis of randomized trials incorporating literature
through 2015 concluded that succinylcholine creates superior
intubating conditions but did not include studies with rocuro-
nium doses greater than 1.2 mg/kg.**

Heretofore, limited research has existed to support rocuronium
doses exceeding 1.2mg/kg. In burn patients with known resist-
ance to neuromuscular blocking agents, a 1.5 mg/kg bolus led to
faster paralysis compared with 1.0 mg/kg.* Multiple dosing stud-
ies using probability-based models have demonstrated improved
speed of achievingintubating conditions with higher weight-based
dosing of rocuronium up to 2.3 mg/kg.**** Higher doses with satu-
ration of nicotinic receptors at the neuromuscular junction may
also reduce inter-individual variability in the onset of neuromus-
cular block when compared to lower doses within the 0.6-1.2 mg/
kg range stipulated by the rocuronium FDA label.*? These previous
studies provide some theoretical basis for our finding that in
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Table 1 Patient and operator characteristics.

Characteristic High, N=720° Standard, N=1102? Difference® 95% CI°
Age 58 (28) 60 (23) -3.0 -5.0,-1.0
Sex 296 (41.1%) 404 (36.7%) 4.5% -0.25%, 9.1%
Race 0.16 0.07,0.26
Black, non-Hispanic 167 (23.2%) 241 (21.9%)
Hispanic 83 (11.5%) 117 (10.6%)
Not reported 15 (2.1%) 15 (1.4%)
Other, non-Hispanic 70 (9.7%) 70 (6.4%)
White, non-Hispanic 385 (53.5%) 659 (59.8%)
BMI 24 (6) 30 (10) -5.6 -6.2,-4.9
Unknown 6 9
Site type 0.47 0.38,0.57
ED 391 (54.3%) 348 (31.6%)
Icu 329 (45.7%) 754 (68.4%)
Laryngoscope 0.12 0.03,0.22
Video 476 (66.2%) 791 (71.8%)
Direct 243 (33.8%) 310 (28.2%)
Unknown 1 1
Sepsis or septic shock 265 (36.8%) 506 (45.9%) -9.1% -14%, -4.4%
Traumatic injury 117 (16.3%) 121 (11.0%) 5.3% 1.9%, 8.7%
Cardiac arrest before intubation 26 (3.6%) 25 (2.3%) 1.3% -0.39%, 3.1%
APACHE Il 16 (10) 17 (12) -1.0 -2.0,-1.0
Primary indication for intubation 0.24 0.15,0.34
Acute respiratory failure 145 (20.1%) 204 (18.5%)
Altered mental status 148 (20.6%) 181 (16.4%)
Cardiac arrest 13 (1.8%) 11 (1.0%)
Emergency procedure 4(0.6%) 2 (0.2%)
Not reported 356 (49.4%) 659 (59.8%)
Other 54 (7.5%) 45 (4.1%)
Anticipated difficulty of intubation 0.13 0.01,0.26
Difficult 33 (7.7%) 50 (9.3%)
Easy 163 (38.2%) 194 (36.2%)
Moderate 183 (42.9%) 249 (46.5%)
Not reported 48 (11.2%) 43 (8.0%)
Unknown 293 566
Operator clinical specialty 0.47 0.38,0.57
Anesthesia 13 (1.8%) 33 (3.0%)
Critical care 285 (39.6%) 677 (61.5%)
Emergency medicine 396 (55.1%) 369 (33.5%)
Multiple 7(1.0%) 7 (0.6%)
Other 18 (2.5%) 15 (1.4%)
Unknown 1 1
Operator level of training 0.47 0.38,0.57
Attending physician 22 (3.1%) 53 (4.8%)
Fellow physician 252 (35.3%) 566 (51.5%)
Other 23 (3.2%) 84 (7.6%)
Resident physician 417 (58.4%) 396 (36.0%)
Unknown 6 3
Operator no. of previous intubations 50 (75) 50 (65) 5.0 0.00, 10
performed
Unknown 0 2

an (%); median (IQR).

bDifference in proportions (two-level factors); standardized mean difference (>2 level factors); 95% confidence interval.

critically ill and injured patients with potentially tenuous hemod-
ynamics, higher doses of rocuronium may reduce the time of
onset and inter-individual variability for neuromuscular blockade.

Our findings generally agree with the existing literature related
to rocuronium dosing on intubation outcomes. Observational

data from the National Emergency Airway Registry (NEAR), cap-
turing intubation data from 25 EDs in healthcare facilities through-
out the United States, found a dose-response relationship
between rocuronium dose and first-attempt intubation success.
Indeed, intubation success was markedly higher above the
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Table 2 Outcomes.

Characteristic

High, N=720°

Standard, N=1102* Difference® 95% CI°

Primary outcome: Successful intubation on 641 (89.0%)
first attempt

Secondary outcome: Severe complications
during intubation

None 582 (80.8%)

Any single complication 33 (4.6%)
Any 2 complications 93 (12.9%)
Any 3 complications 12 (1.7%)
Any 4 complications 0 (0.0%)

Peripheral oxygen saturation <80% 42 (6.1%)
Unknown 32

Systolic blood pressure <65 mm Hg 107 (16.0%)
Unknown 51

New or increased use of vasopressors 103 (14.3%)

Cardiac arrest not resulting in death 1(0.1%)

Cardiac arrest resulting in death 2 (0.3%)

Duration of intubation (seconds) 109 (57)

Unknown 8
Successful intubation on first laryngoscope 643 (89.6%)

blade insertion

Unknown 2
Successful intubation on first attempt without 522 (72.5%)

occurrence of a severe complication
Reason for intubation failure on first attempt:

Inadequate view of vocal cords

Unknown 641

20 (25.3%)

Reason for intubation failure on first attempt: 18 (22.8%)
Inability to insert endotracheal tube or bougie
Unknown 641
Reason for intubation failure on first 9 (11.4%)
attempt: Other
Unknown 641
Complication during intubation: Esophageal 5(0.7%)
intubation
Complication during intubation: Injury to teeth 0 (0.0%)
Complication during intubation: Aspiration 6 (0.8%)

In-hospital death within 28 days

169 (23.5%)

899 (81.6%) 7.4% 4.1%, 11%
0.24 0.14,0.33

795 (72.1%)

106 (9.6%)

173 (15.7%)

27 (2.5%)

1(0.1%)

125 (11.8%) ~5.7% —8.4%, ~2.9%

41

208 (19.6%) -3.6% ~7.4%, 0.14%

43

195 (17.7%) -3.4% -6.9%, 0.13%

5 (0.5%) -0.31% -0.91%, 0.28%

4(0.4%) -0.09% -0.69%, 0.52%

120 (71) -11 -16,-7.0

16

926 (84.2%) 5.4% 2.2%, 8.6%

2

677 (61.4%) 11% 6.6%, 16%

48 (24.0%) 1.3% -11%, 13%

902

27 (13.3%) 9.5% -1.8%, 21%

899

10 (5.0%) 6.4% -2.1%, 15%

900

18 (1.6%) ~0.94% -2.0%, 0.14%

5 (0.5%) ~0.45% ~0.97%, 0.06%

18 (1.6%) -0.80% ~1.9%, 0.32%

390 (35.4%) ~12% ~16%, ~7.6%

Abbreviation: Cl, confidence interval.
2n (%); median (IQR).

bDifference in proportions (two-level factors); standardized mean difference (>2 level factors); 95% confidence interval.

1.2mg/kg threshold utilized in the current study.”® Notably, the
NEAR data comes strictly from EDs, the setting in which our pres-
ent investigation shows less benefit to higher rocuronium doses.
Reasons for this discrepancy in findings may reflect differences in
enrollees, operators, and intubation practices.'” The data from
the cited NEAR iteration also spans only through 2018, and it is
possible that the evolution of intubating practices in ED settings
since that time may have modified the effect of rocuronium dose
on intubation outcomes. In addition, a meta-analysis of rand-
omized trials comparing intubation conditions between rocuro-
nium and succinylcholine found improved conditions at
rocuronium doses exceeding 0.9 mg/kg (specific weight type and
collection methodology not specified). This study noted the lim-
ited data available for doses exceeding 1.2 mg/kg.**

We noted that the intubation setting modified the effect of the
rocuronium dose. Notably, a significant benefit was only found in

ICU settings. We observed an imbalance in rocuronium dosing
between these two settings, with utilization of significantly higher
weight-based dosing in the ED sites. It is impossible to establish
causality from our results, though they indicate a need for a future
randomized trial to compare high- versus standard-dose rocuro-
nium regarding procedural and clinical outcomes during emer-
gency tracheal intubation with sufficient statistical power to
examine subsets of patients within the ED versus ICU.

We noted several other differences between subgroups. We
observed no difference in intubation success between high- ver-
sus standard-dose rocuronium when using a bougie or intubating
trauma patients. The relatively thin diameter of a bougie, which
facilitates maneuverability through the glottis, might attenuate
the benefit of paralysis. Trauma patients may have relatively
lower levels of pre-intubation muscle tone due to their injuries,
particularly if their injuries caused neurologic sequelae.
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Figure 1 Probability of successful intubation on first attempt by rocuronium dosing and rocuronium dose distribution. The horizontal axis represents
weight-based rocuronium dosing (mg/kg). The vertical axis represents the probability of first-pass intubation success. The dose-response curve for
rocuronium dose and first pass intubation success is in blue, with a light blue shaded 95% confidence band. The dose distribution is in gray, where the
height of the shaded gray area represents the proportion of data points within a given range of rocuronium dose values; the area under the curve
between any two points on the horizontal axis represents the probability of a data point falling within that range.

Figure 2 Risk ratios for rocuronium dose effect for the primary outcome of successful intubation on the first attempt. Effects for subgroups by site type
(Emergency Department versus Intensive Care Unit), operator specialty (Intensivist versus Emergency Physician), bougie use, indication for intubation
(medical versus trauma), laryngoscope type (video versus direct), body mass index (equal to or under 35 kg/m? versus more than 35kg/m?), and
sedation agent (etomidate versus ketamine). Interaction P-values are listed on the left-hand side for each subgroup.
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Figure 3 Time-to-event curves for successful intubation on the first attempt. The horizontal axes represent the duration of intubation in seconds.
The vertical axes represent the proportion of all intubations successfully completed within a given time horizon. The green curve represents participants
receiving high-dose (>1.2 mg/kg) rocuronium. The red curve represents participants receiving standard-dose (<1.2 mg/kg) rocuronium.

Subgroups for which we detected increased intubation success
for high- versus standard-dose rocuronium included patients
undergoing video laryngoscopy or receiving ketamine. The rea-
sons for these findings are less clear. Regarding video laryngos-
copy, previous studies have not made this observation, and this
finding may represent chance rather than a true association.” It
may also be that those operators using direct laryngoscopy had
greater intubating experience, though this was a variable for
which we adjusted in our models. Sedation agent selection was
strictly a matter of clinician preference and so is a likely source of
unmeasured confounding, given no known association between
agent and intubation success.* These analyses lack power, but
the literature will benefit from ongoing assessment of these sub-
groups for effect modification.

Our study has several strengths. Data collection was prospec-
tive and occurred from direct observation by independent data
collectors. The large sample size increases statistical power to
examine associations and enrollment of patients from diverse
sites and settings increases generalizability.

Our study also has important limitations. These trials did not
randomize patients to alternative rocuronium doses. Rather,
rocuronium dosing was selected by the treating physicians and,
consequently, our inferential comparisons between participants
receiving standard and high doses are susceptible to residual
confounding. For example, participants who received high-dose
rocuronium had significantly lower BMI, were more often
intubated in the ED, and were more often intubated by a resident
operator. Patients receiving lower dose rocuronium may have
been more complex and so determined to be at greater risk of
complications from paralysis. Our matched data sets sought to
mitigate these possibilities of artificial enhancement of treatment
effects in the different dose groups, but we cannot control for

unmeasured confounders. Therefore, our results are strictly
hypothesis-generating.

Additionally, the trials that this study utilized were not specifi-
cally powered to study comparisons of patient outcomes based on
rocuronium dosing. Consequently, our analysis may be incapable
of detecting clinically important differences. Our results did not
include outcomes that might conceivably show harm with the pro-
longed neuromuscular blockage caused by high-dose rocuronium,
including post-traumatic stress disorder, the experience of awake
paralysis, and precluding post-intubation neurologic examina-
tion.**We also did not capture instancesin which clinicians reversed
rocuronium through sugammadex. In the trials used in this analy-
sis, we obtained granular data on peri-procedural complications
from induction to two minutes after intubation, and data are not
available on the effects of rocuronium dosing outside of this win-
dow. Lastly, it is possible some patients had inaccurate weights
documented based on estimation, though we suspect most of the
centers had access to bed scales for accurate measurements.

In summary, in this secondary analysis of data from randomized
trials, receipt of rocuronium doses greater than 1.2mg/kg was
independently associated with a higher likelihood of successful
intubation on the first attempt compared to standard doses.
These findings warrant evaluation in a randomized trial of higher
vs standard rocuronium dosing during emergency tracheal
intubation.
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