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BACKGROUND: Succinylcholine remains the muscle relaxant of choice for rapid sequence induction (RSI) but has many adverse effects. High-dose rocuronium bromide may be an alternative to
succinylcholine for RSI but recovery times are nearly doubled compared with a standard intubating dose of rocuronium. Magnesium sulfate significantly shortens the onset time of a standard
intubating dose of rocuronium. We set out to investigate whether intravenous (IV) pretreatment
with MgSO4 followed by a standard intubating dose of rocuronium achieved superior intubation
conditions compared with succinylcholine.
METHODS: Adults were randomized to receive a 15-minute IV infusion of MgSO4 (60 mg·kg–1)
immediately before RSI with propofol 2 mg·kg–1, sufentanil 0.2 μg·kg–1 and rocuronium 0.6 mg·kg–1,
or a matching 15-minute IV infusion of saline immediately before an identical RSI, but with succinylcholine 1 mg·kg–1. Primary end point was the rate of excellent intubating conditions 60 seconds
after administration of the neuromuscular blocking agent and compared between groups using multivariable log-binomial regression model. Secondary end points were blood pressure and heart rate
before induction, before and after intubation, and adverse events up to 24 hours postoperatively.
RESULTS: Among 280 randomized patients, intubating conditions could be analyzed in 259 (133
MgSO4-rocuronium and 126 saline-succinylcholine). The rate of excellent intubating conditions was
46% with MgSO4-rocuronium and 45% with saline-succinylcholine. The analysis adjusted for gender
and center showed no superiority of MgSO4-rocuronium compared with saline-succinylcholine (relative
risk [RR] 1.06, 95% confidence interval [CI], 0.81-1.39, P = .659). The rate of excellent intubating conditions was higher in women (54% [70 of 130]) compared with men (37% [48 of 129]; adjusted RR
1.42, 95% CI, 1.07-1.91, P = .017). No significant difference between groups was observed for systolic and diastolic blood pressures. Mean heart rate was significantly higher in the MgSO4-rocuronium
group. The percentage of patients with at least 1 adverse event was lower with MgSO4-rocuronium
(11%) compared with saline-succinylcholine (28%) (RR 0.38, 95% CI, 0.22-0.66, P < .001). With
saline-succinylcholine, adverse events consisted mainly of postoperative muscle pain (n = 26 [19%])
and signs of histamine release (n = 13 [9%]). With MgSO4-rocuronium, few patients had pain on injection, nausea and vomiting, or skin rash during the MgSO4-infusion (n = 5 [4%]).
CONCLUSIONS: IV pretreatment with MgSO4 followed by a standard intubating dose of
rocuronium did not provide superior intubation conditions to succinylcholine but had fewer
adverse effects. (Anesth Analg XXX;XXX:00–00)

KEY POINTS
• Question: Does a combination of magnesium sulfate pretreatment followed by a standard
intubating dose of rocuronium (0.6 mg·kg–1) produce superior intubation conditions to
succinylcholine?
• Findings: For rapid sequence induction, a combination of pretreatment with magnesium sulfate followed by a standard intubating dose of rocuronium does not provide superior intubating conditions compared with succinylcholine but has fewer adverse effects.
• Meaning: In view of our findings, we hypothesize that for rapid sequence induction, a
combination of pretreatment with magnesium sulfate and a standard intubating dose of
rocuronium might be an alternative to succinylcholine in circumstances where succinylcholine
administration is not warranted.
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GLOSSARY
ALT = alanine aminotransferase; ASA = American Society of Anesthesiologists; AST = aspartate
aminotransferase; BMI = body mass index; CI = confidence interval; CONSORT = Consolidated
Standards of Reporting Trials; GABAA = γ-aminobutyric acid A; IV = intravenous; Mag-Roc = magnesium (pretreatment) + rocuronium; RR = relative risk; RSI = rapid sequence induction; Sal-Succ =
saline (pretreatment) + succinylcholine; SD = standard deviation; TOF = train of four; ULN = upper
limit of normal

R

apid sequence induction (RSI) is a frequently
used procedure for endotracheal intubation in
the emergency setting or in unfasted patients
who are at risk of regurgitation. Succinylcholine
remains the muscle relaxant of choice for RSI,1,2 but it
has many adverse effects.3,4 There are alternatives that
may be used instead of succinylcholine. For instance,
with a high dose of rocuronium bromide, 1.0–1.2
mg·kg–1, the same intubating conditions with a similar
onset time as with succinylcholine may be achieved.1,2
Also, pretreatment with intravenous (IV) magnesium
may accelerate onset time of a nondepolarizing neuromuscular blocking agent.5–7 The main problem with
high dose nondepolarizing neuromuscular blocking agents is prolonged recovery time.8 Today, this
might not be perceived as a major problem as even
deep, rocuronium-induced neuromuscular block
can be antagonized with sugammadex.9 But in many
countries, sugammadex is not available or its use is
restricted due to its high costs and strategies to reduce
its usage are welcomed.10 On the contrary, the role of
magnesium in perioperative medicine is constantly
increasing due to its analgesic and morphine sparing
properties, neuroprotective features, and its potency
to decrease overall anesthetic requirements.11,12 This
begs the question as to whether a standard intubating dose of, for instance, rocuronium, combined with
magnesium, differs with regard to onset times and
intubation conditions compared with succinylcholine.
With a 15-minute IV infusion of magnesium sulfate
60 mg·kg–1 before a standard dose of rocuronium (0.6
mg·kg–1), the onset time of the neuromuscular block
was reduced by about 35% (from 120 to 72 seconds),
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but recovery was only prolonged by 25%.7 In addition, the interindividual variability in the onset of
the neuromuscular blockade was lessened with this
magnesium-rocuronium regimen, suggesting that the
predictability of adequate intubating conditions was
improved.7 We designed a randomized controlled
trial to compare a combination of magnesium with
a standard intubating dose of rocuronium with succinylcholine in patients undergoing RSI. We chose a
superiority trial design.
METHODS
Study Design
This randomized, double-blind, gender-stratified trial
was conducted at 2 Swiss university hospitals (Geneva
and Lausanne), following the recommendations of
Good Clinical Research Practice in Neuromuscular
Research.13 The study protocol, patient information
sheet, and informed consent form were approved by
the ethics committees of Geneva University Hospitals
(protocol no. CER11-235/NAC11-087) and Lausanne
University Hospital (protocol no. 306/12), and by the
Swiss Agency for Therapeutic Products (Swissmedic;
2012DR3098). The trial was registered before patient
enrollment on clinicaltrials.gov (NCT01571908, principal investigator: Christoph Czarnetzki, date of
registration: April 4, 2012). This article adheres to
the applicable Consolidated Standards of Reporting
Trials (CONSORT) guidelines.
Study Population and Recruitment
The anesthesia teams of Geneva and Lausanne
University Hospitals identified eligible patients during the preanesthetic consultation and obtained written informed consent before enrollment. Included
were male and female patients aged 18–65 years with
an American Society of Anesthesiologists (ASA) physical status I or II and scheduled for elective surgery
lasting longer than 60 minutes. Exclusion criteria were
a history of allergy or hypersensitivity to rocuronium,
succinylcholine, or MgSO4; neuromuscular disease;
history of malignant hyperthermia; preoperative
medications known to influence neuromuscular function (eg, certain antibiotics [aminoglycosides], anticonvulsants [phenytoin]); electrolyte abnormalities
(eg, hypermagnesemia or hyperkalemia); hepatic
dysfunction (ie, bilirubin >1.5 × upper limit of normal
[ULN], alanine aminotransferase [ALT] >2.5 × ULN,
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aspartate aminotransferase [AST] >2.5 × ULN); renal
insufficiency (ie, creatinine >1.5 × ULN, creatinine
clearance <60 mL·min–1 1.73 m–2, estimated by the
formula of Cockroft & Gault); atrioventricular heart
block; patients with magnesium treatment; those with
a body mass index <19 or >28 kg·m–2; pregnant or
breastfeeding women; expected difficult intubation or
mask ventilation; and patients having participated in
any clinical trial within the previous 30 days.
Study Drug Preparation, Randomization, and
Blinding
Each pharmacy of the 2 participating centers prepared
study treatments and was responsible for randomization
and maintenance of blinding in accordance with Good
Manufacturing Practices. Randomization was stratified
in a 1:1 ratio for gender due to a greater sensitivity to
rocuronium in women.14 Study drugs were taken from
a commercial batch, and the number and expiry date
of each batch were recorded. To ensure blinding, the
treatments of the control group (saline-succinylcholine)
and the experimental group (magnesium-rocuronium)
were matched (100-mL infusion bags containing 0.9%
saline or MgSO4 60 mg·mL–1 and 10-mL syringes containing succinylcholine 16.6 mg·mL–1 or rocuronium 10
mg·mL–1). Study drugs were prepared and randomized
24 hours in advance and delivered in sealed plastic bags
identified by a randomization number, name and number of the study, expiry date, mode of administration
(IV), and storage condition.
In a previous study, the infusion of MgSO4 in
awake patients was often accompanied by a sensation
of flush or slight heat in the arm where the perfusion
was positioned.7 Also, the administration of succinylcholine may be associated with the occurrence of fasciculations.15 We therefore anticipated that adequate
blinding of the treatments would be difficult. Several
precautions were taken to minimize observer bias.
First, patients were not asked actively by the investigators about any symptoms related to the IV pretreatment, but patients could report spontaneously
on symptoms and complaints. Second, an anesthesiologist and a nurse anesthetist were responsible for
the administration of all drugs during induction and
were in charge of the patient throughout the surgical
procedure, but they were not involved in the intubating procedure and scoring of intubating conditions.
Third, a second anesthesiologist blinded to study drug
administration, intubated the patient, and scored intubating conditions. This second, independent, anesthesiologist entered the preparation room only on call
and only once the patient was ready to be intubated
(ie, not earlier than 45 seconds after injection of the
neuromuscular blocking agent). Finally, no more than
2 intubating anesthesiologists per center participated
in the study to limit interobserver variability.
XXX XXX • Volume XXX • Number XXX

Study Drug Administration
In the experimental group, patients received 1 mL·kg–1
of the MgSO4 solution as a pretreatment, which corresponded to 60 mg·kg–1 of MgSO4. In the control group,
patients received a matching 1 mL·kg–1 infusion containing physiological saline (0.9% NaCl). Pretreatments were
administered during 15 minutes using a volumetric infusion pump (Infusomat, Braun Medical SA, Sempach,
Switzerland). Once the pretreatment was finished, anesthesia was induced (see Induction and Intubation) and
0.06 mL·kg–1 of the neuromuscular blocking agent was
administered using the matching 10-mL syringe. This
regimen ensured that patients in the experimental group
received rocuronium 0.6 mg·kg–1 and those in the control group received succinylcholine 1 mg·kg–1.
Induction and Intubation
The anesthesiologist in charge of the patient was free
to administer oral midazolam as a premedication at
last 1 hour before induction of anesthesia or IV midazolam in the preparation room. Standard noninvasive
monitoring included acceleromyography with a TOF
Watch SX monitor (Organon, Oss, the Netherlands).
For induction, patients were installed with the head
slightly raised (sniffing position). Preoxygenation via
a facemask was begun, and IV sufentanil 0.2 μg·kg–1
was given. Anesthesia was induced 3 minutes later
using IV propofol 2 mg·kg–1. On loss of consciousness, patients received the neuromuscular blocking
agent according to randomization. Patients were not
ventilated before orotracheal intubation. No cricoid
pressure was exerted. The procedure of intubation
was standardized. The time point of injection of the
neuromuscular blocking agent was defined as time
0. At time 45 seconds, the intubating anesthesiologist
entered the room, approached the head of the patient,
started direct laryngoscopy at time 50 seconds, and
intubated the trachea at time 60 seconds. All intubating anesthesiologists were experienced consultants.
Study End Points
The primary end point was the percentage of patients
with excellent intubating conditions. Intubating conditions were graded as excellent, good, or poor using
a modified scale according to the recommendations
of Good Clinical Research Practice in Neuromuscular
Research (Table 1).13 Scoring was based on ease of
laryngoscopy, the position of the vocal cords, and the
patient’s reactions to the insertion of the endotracheal
tube. In addition to these qualifiers, we added the outcome “intubating failure,” defined as a not completed
orotracheal intubation within 30 seconds after the start
of direct laryngoscopy (ie, 80 seconds after injection of
the neuromuscular blocking agent). In the case of intubating failure, the usual guidelines for a “can ventilate
– cannot intubate” situation were followed.
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Table 1. Intubating Conditions According to Good Clinical Practice in Neuromuscular Research
Evaluation of intubating conditionsa
Variable assessed
Laryngoscopyb
Vocal cords position
Reaction to insertion of the tracheal tube and cuff inflation
(diaphragmatic movement/coughing)

Clinically acceptable
Excellent
Good
Easy
Fair
Abducted
Intermediate/moving
None
Slightc

Not clinically acceptable
Poor
Difficult
Closed
Vigorous/sustainedd

According to Fuchs-Buder et al.13
Intubation conditions: excellent (all qualities are excellent); good (all qualities are either excellent or good); and poor (the presence of a single quality listed
under “poor”).
b
Laryngoscopy: easy (jaw relaxed, no resistance to blade insertion); fair (jaw not fully relaxed, slight resistance to blade insertion); and difficult (poor jaw relaxation, active resistance of the patient to laryngoscopy).
c
One to 2 weak contractions and/or movement for <5 s.
d
More than 2 contractions and/or movement for longer than 5 s.

a

The intubating anesthesiologist rated the various
variables describing intubating conditions and their
quality immediately after orotracheal intubation.
Patients with a Cormack & Lehane grade of 3 or 4
were excluded from the analysis of the primary end
point as with these grades, the position of the vocal
cords cannot be assessed.16 However, these patients
were considered for the analysis of adverse events.
Secondary end points were heart rate and systolic
and diastolic blood pressure immediately before
intubation, and at 1 and 5 minutes after intubation. Safety evaluation consisted of spontaneously
reported symptoms and complaints during the infusion of the pretreatment (nausea/retching, skin rash,
pain at injection) and the appearance of signs of histamine release (bronchospasm, erythema, edema,
hypotension) after the injection of the neuromuscular
blocking agent. Arterial hypotension was defined as
a decrease in mean arterial pressure of >40%. At the
postanesthetic visit, the day after the intervention,
patients were screened for intraoperative awareness,
muscle pain, and for any minor or major adverse
event.
Statistical Analysis
Demographic characteristics were described as numbers of patients and percentages for qualitative data
and as means and standard deviations for quantitative data. Intubating conditions were described as
numbers of patients and percentages, and hemodynamic measurements as means and standard deviations. All data were described overall and by group of
randomization. Due to the stratified randomization,
the comparison of excellent intubating conditions
between groups was performed using a log-binomial
regression model adjusting for gender and center
(and no interaction term). Similarly, between-group
differences on secondary end points were assessed
using linear regression models adjusting for gender
and center. For the 3 variables of intubating conditions, both groups were compared using χ2 test. The
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saline-succinylcholine group was used as a reference
group for the calculation of relative risk.
The rate of excellent intubating conditions
between groups stratified by gender, and by gender
and center, were also compared using χ2 test. In addition to the stratified analyses, we estimated interaction terms to test the differences in effects between
subgroups of patients. Subgroup analyses should
be regarded as explorative only since they were not
described in the study protocol and they have low
statistical power.
Two-sided P < .05 were considered significant for
all analyses. There was no adjustment of P values
to account for multiple comparisons. Analyses were
performed using R software (Vienna, Austria; http://
www.R-project.org).17
Sample Size Determination
This trial was designed as a superiority study. We
tested the hypothesis that for RSI, a combination
of magnesium with a standard intubating dose of
rocuronium was superior to succinylcholine. Sample
size was calculated by taking the level of statistical
significance as α = .05 (2-sided) and β = .1. To test the
primary hypothesis that the rate of excellent intubating conditions was higher (80%) with magnesiumrocuronium compared with succinylcholine (60%),18
we needed 110 patients in each group. We intended to
randomize 2 times 140 patients in each group to allow
for dropouts. The total number of patients necessary
for inclusion was therefore 280.
RESULTS
Participant Flow
In total, 280 patients were randomized between
September 20, 2012, and July 9, 2015 (magnesiumrocuronium [141 patients]; saline-succinylcholine
[139 patients]) (Figure). In 21 patients (magnesiumrocuronium [8 patients]; saline-succinylcholine [13
patients]), the primary end point could not be analyzed for various reasons (Figure). Eventually, 259
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Figure. Study flowchart.

patients (magnesium-rocuronium [133 patients];
saline-succinylcholine [126 patients]) were included
in the primary end point analysis.
Characteristics of the Study Population
The demographic characteristics of both groups were
similar (Table 2); 50% of patients were women.
Primary End Point: Evaluation of Intubating
Conditions
No significant difference was observed in the percentage of excellent intubating conditions between
both groups (magnesium-rocuronium 46% [61
of 133]; saline-succinylcholine 45% [57 of 126]),
although ease of laryngoscopy was more often
XXX XXX • Volume XXX • Number XXX

graded excellent with magnesium-rocuronium
(Table 3). Multivariable analysis adjusted for gender
and center showed no superiority of magnesiumrocuronium on the rate of excellent intubating conditions (relative risk [RR] for magnesium-rocuronium
compared with saline-succinylcholine 1.06; 95% confidence interval [CI], 0.81-1.39; P = .659) (Table 4).
The overall rate of excellent intubating conditions
was higher in women (54% [70 of 130]) compared
with men (37% [48 of 129]; adjusted RR 1.42; 95% CI,
1.07-1.91; P = .017).
Posthoc Subgroup Analyses
Impact of Gender. In men, the rate of excellent intubating
conditions was 30% (20 of 66) in the magnesium-rocuronium
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Table 2. Demographics and Baseline Characteristics of 259 Patients Included in the Efficacy Analyses
N = 259
130 (50)
41.6 ± 12.1
69.9 ± 10.5
171.2 ± 9.6
23.8 ± 2.3
64 (25)
77 (30)
135a (52)

Gender (women), n (%)
Age, y (mean ± SD)
Weight, kg (mean ± SD)
Height, cm (mean ± SD)
BMI, kg·m–2 (mean ± SD)
Midazolam orally, n (%)
Midazolam IV, n (%)
Midazolam orally, and/or IV, n (%)

Mag-Roc (N = 133)
67 (50)
41.9 ± 11.7
70.2 ± 11
171.1 ± 9.9
23.9 ± 2.3
32 (24)
38 (29)
66 (50)

Sal-Succ (N = 126)
63 (50)
41.3 ± 12.5
69.5 ± 9.9
171.3 ± 9.3
23.6 ± 2.3
32 (25)
39 (31)
69 (55)

Abbreviations: BMI, body mass index; IV, intravenous; Mag-Roc, magnesium (pretreatment) + rocuronium; Sal-Succ, saline (pretreatment) + succinylcholine; SD,
standard deviation.
a
Six patients received midazolam orally, and IV.

Table 3. Variables of Intubating Conditions According to Study Treatment (N = 259)
n = 259 (%)
Intubating conditions
Excellent
118 (46)
Good
97 (37)
Poor
44 (17)
Ease of laryngoscopy
Excellent
236 (91)
Good
21 (8)
Poor
2 (1)
Vocal cords’ position
Excellent
233 (90)
Good
26 (10)
Reaction to insertion of the tracheal tube
Excellent
134 (52)
Good
83 (32)
Poor
42 (16)

Mag-Roc (n = 133) (%)

Sal-Succ (n = 126) (%)

P valuea

61 (46)
51 (38)
21 (16)

57 (45)
46 (37)
23 (18)

.863

127 (95)
5 (4)
1 (1)

109 (87)
16 (13)
1 (1)

.016

117 (88)
16 (12)

116 (92)
10 (8)

.374

68 (51)
45 (34)
20 (15)

66 (52)
38 (30)
22 (17)

.768

Abbreviations: Mag-Roc, magnesium (pretreatment) + rocuronium; Sal-Succ, saline (pretreatment) + succinylcholine.
a
Chi-square test.

Table 4. Primary End Point: Excellent Intubating Conditions
Variable
Treatment
Gender
Center

Modality
Mag-Roc (N = 133)
Sal-Succ (N = 126)
Men (N = 129)
Women (N = 130)
B (N = 150)
A (N = 109)

Excellent intubating conditions, n (%)
61 (46)
57 (45)
48 (37)
70 (54)
74 (49)
44 (40)

Adjusted RR
1.06
1
1
1.42
1
0.91

95% CI
0.81-1.39

P valuea
.659

1.07-1.91

.017

0.67-1.20

.502

Multivariable analysis adjusted for treatment, gender, and center (N = 259).
Abbreviations: CI, confidence interval; Mag-Roc, magnesium (pretreatment) + rocuronium; RR, relative risk; Sal-Succ, saline (pretreatment) + succinylcholine.
a
Log-binomial regression model adjusting for gender and center.

group and was 44% (28 of 63) in the saline-succinylcholine
group (P = .139). In women, the rate of excellent intubating
conditions was 61% (41 of 67) in the magnesiumrocuronium group and was 46% (29 of 63) in the salinesuccinylcholine group (P = .120). The treatment effect was
significantly different in men and women (interaction
term, P = .019) with a higher rate of excellent intubating
conditions with magnesium-rocuronium in women than
in men. Stratified analyses by gender and center showed
a similar tendency. In 1 center, the difference in the rate of
excellent intubating conditions in men was significantly
lower in the magnesium-rocuronium group (22% [6 of 27]
compared with the saline-succinylcholine group (55% [16
of 29]) (P = .025) (Table 5).
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Impact of Midazolam. Patients having received oral or
IV midazolam (N = 135) had a better rate of excellent
intubating conditions than those having not received
midazolam (N = 124) (53% [71 of 135] vs 38% [47 of 124]),
but without between-treatment group difference (52%
[34 of 66] in the magnesium-rocuronium group and 54%
[37 of 69] in the saline-succinylcholine group for patients
having received midazolam versus 40% [27 of 67] and 35%
[20 of 57], respectively, for patients having not received
midazolam).
Secondary End Points. There was no significant difference
between groups in systolic and diastolic blood pressure at
any time point (Supplemental Digital Content 1, Table 1,
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Table 5. Exploratory Subgroup Analyses Stratified
by Gender and Center
Mag-Roc
Overall (n)
259
133
Men (n)
129
66
Excellent intubating conditions 48 (37%) 20 (30%)
Women (n)
130
67
Excellent intubating conditions 70 (54%) 41 (61%)
Mag-Roc
Center A (n)
109
58
Men (n)
73
39
Excellent intubating conditions 26 (36%) 14 (36%)
Women (n)
36
19
Excellent intubating conditions 18 (50%) 11 (58%)
Mag-Roc
Center B (n)
150
75
Men (n)
56
27
Excellent intubating conditions 22 (39%) 6 (22%)
Women (n)
94
48
Excellent intubating conditions 52 (55%) 30 (63%)

Sal-Succ P valuea
126
63
28 (44%) .139
63
29 (46%) .120
Sal-Succ P valuea
51
34
12 (35%)
1
17
7 (41%) .504
Sal-Succ P valuea
75
29
16 (55%) .025
46
22 (48%) .221

Abbreviations: Mag-Roc, magnesium (pretreatment) + rocuronium; Sal-Succ,
saline (pretreatment) + succinylcholine.
a
Chi-square test.

http://links.lww.com/AA/D290). The mean heart rate was
significantly higher in the magnesium-rocuronium group
by approximately 5 beats per minute at each time point.
Safety Evaluation. Among the 280 randomized patients,
54 (19%) presented at least 1 adverse event (Supplemental
Digital Content 2, Table 2, http://links.lww.com/AA/
D291). The percentage of patients with at least 1 adverse
event was almost 3 times lower with magnesiumrocuronium (11% [15 of 141]) compared with salinesuccinylcholine (28% [39 of 139]) (RR 0.38, 95% CI,
0.22-0.66, P < .001). Five patients had symptoms related
to the perfusion of the study pretreatment (all in the
magnesium-rocuronium group [4%]): 3 had nausea or
retching or vomiting (2 wished to discontinue the study);
1 patient had an erythema at the injection site; and 1 had
pain at the injection site (wished to discontinue the study).
Data of all 3 patients who wished to discontinue the study
were excluded from the analysis of the primary end point
but were included into the safety analyses.

Eighteen of the remaining 275 patients (7%) presented symptoms that may be attributed to the injection of the neuromuscular blocking agent: 5 of 138
(4%) in the magnesium-rocuronium group and 13
of 137 (9%) in the saline-succinylcholine group. One
case of bronchospasm of mild intensity that did not
require treatment was observed in the saline-succinylcholine group. One episode of arterial hypotension
was reported in each study group. Arterial hypotension was easily treated with vasopressors. No patient
presented an edema of mucosa or skin due to histamine release.
The most frequently reported adverse event at the
24-hour postoperative visit was muscular pain (10%),
mainly in patients who had received succinylcholine
(19% vs 1%, respectively, P < .001). With the exception of 1 patient who had moderate pain, symptoms
XXX XXX • Volume XXX • Number XXX

were mild; no patient needed treatment. There were
7 reports of minor adverse events, considered unrelated to study treatments, and equally distributed
between the 2 groups. They were mild or moderate
and resolved uneventfully.
Two serious adverse events were identified during the study period. In 1 patient in the control group,
the content of the syringe with succinylcholine was
accidentally injected into the pretreatment perfusion
bag and the infusion was commenced. As soon as the
patient complained of muscle weakness, the error was
discovered and anesthesia was induced. Anesthesia
and surgery were uneventful. Postoperatively, the
patient had a psychological evaluation and assistance, and follow-up was uneventful. One patient in
the experimental group had to be reoperated due to
postoperative hemorrhagic shock. The patient fully
recovered and this event was considered to be unrelated to the study treatment.
DISCUSSION
Our study showed no superiority of a combination of
MgSO4 60 mg·kg–1 and rocuronium 0.6 mg·kg–1 compared with succinylcholine 1 mg·kg–1 on the rate of
excellent intubating conditions during RSI in adult
patients. There were more adverse events with succinylcholine, mainly muscle pain and symptoms that
may be attributed to histamine release. Overall, the
rate of excellent intubating conditions was statistically higher in women. This was primarily due to the
higher rate of women with excellent intubating conditions who received magnesium-rocuronium. Due to
small sample sizes in the subgroup analyses, statistical power to detect clinically meaningful differences
was insufficient.
Magnesium has a direct impact on neuromuscular
transmission by decreasing the calcium influx and
reducing the amount of acetylcholine released.19–21
After pretreatment with IV MgSO4, a reduction
in the onset time was observed with atracurium,
vecuronium, and rocuronium.5–7 Several studies have
tested the effect of various magnesium-rocuronium
combinations on intubating conditions.22–24 Kim et al23
and Park et al24 compared a combination of MgSO4 50
mg·kg–1 and rocuronium 0.6 mg·kg–1 with rocuronium
0.9 mg·kg–1. They did not include a control group
receiving succinylcholine, the gold standard for RSI.
We found no studies in the literature comparing
MgSO4 60 mg·kg–1 and a standard intubating dose of
rocuronium 0.6 mg·kg–1 with succinylcholine 1 mg·kg–
1
. One study compared succinylcholine 1 mg·kg–1
with high-dose rocuronium (1.2 mg·kg–1) and a combination of magnesium and high-dose rocuronium.22
Results of this study must be interpreted with caution
as only 20 patients were included in each arm and the
authors did not describe how intubation conditions
www.anesthesia-analgesia.org
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were evaluated.22 They concluded that the magnesium-rocuronium combination significantly shortened the onset time of the neuromuscular block and
significantly improved intubating conditions compared with high-dose rocuronium alone. Similar to
our study, the combination of magnesium and highdose rocuronium provided comparable intubating
conditions to that of succinylcholine.
Combining magnesium with a standard intubation
dose of rocuronium (0.6 mg·kg–1), instead of using highdose rocuronium (1.2 mg·kg–1) alone, may be a more
useful regimen for RSI as the duration of the neuromuscular block was prolonged by 25% only when magnesium was combined with rocuronium, compared with
rocuronium alone,7 while the recovery time with highdose rocuronium was nearly doubled.8 Magnesium
in doses similar to our regimen is routinely used in
anesthesia due to its analgesic and morphine sparing
properties.11,12 It is also used as part of opioid-free anesthesia.25,26 Usual magnesium regimens often include a
loading dose similar to ours (40–60 mg·kg–1) which can
be easily anticipated before anesthesia induction while
the patient is monitored and prepared for anesthesia.
Few emergency patients requiring RSI for full stomach
may need immediate intubation and even then there is
often sufficient time to administer drugs before induction, such as gastric prokinetic agents.27
Omitting high doses of rocuronium may allow
to await spontaneous recovery of the neuromuscular block and avoid expensive antagonization with
sugammadex under the premise that objective neuromuscular monitoring is available (documentation of
train of four [TOF] ratio ≥0.9), which is the only method
of assuring satisfactory recovery of neuromuscular
function.28 If reversal is needed in patients with a magnesium pretreatment, the efficacy of recommended
doses of sugammadex for the reversal of a moderate
or deep neuromuscular block is not diminished.29
Less than 50% of our patients had excellent intubating conditions with both experimental and control treatment. These rates were low compared with
the literature. In the studies by Naguib et al, excellent
intubating conditions were found in 63% and 80%
of patients with succinylcholine 1 mg·kg–1.18,30 Kim
et al23 reported on excellent intubating conditions in
nearly 80% of patients who had received MgSO4 50
mg·kg–1 and rocuronium 0.6 mg·kg–1. However, none
of these studies compared a magnesium 60 mg·kg–
1
-rocuronium 0.6 mg·kg–1 combination with succinylcholine 1 mg·kg–1. It remains unclear why our
rates of excellent intubating conditions were relatively low. The induction and intubation protocols
were strictly standardized. Several measures such as
matching of treatments, anonymous delivery of treatments, no systematic reporting of symptoms related
to the IV pretreatment by patients, intervention of 2
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anesthesiologists (1 for the administration of drugs
during induction and the follow-up of the patient during the surgical procedure, and the second for the intubation and the scoring of intubation conditions), and
no more than 2 intubating anesthesiologists per center,
were adopted to minimize observer bias and to maintain proper blinding of treatments. All observers were
experienced anesthesiologists. Also, group sizes were
much larger than in previous similar studies.18,22,23,24,30
There was an imbalance between groups in the
number of patients who could not be included into the
primary analysis since intubation was not completed
within 80 seconds after injection of the study drugs or
the patients had a Cormack-Lehane grade 3 or 4. The
number of these dropouts was higher in the control
group. We may speculate that inclusion of these patients
into the analyses would have led to a more conservative
estimate of treatment differences, and thus a larger difference between the intervention and control groups.
Nineteen percent of patients had at least 1 adverse
event and almost three-quarters of those had received
succinylcholine. The most commonly reported succinylcholine-related adverse event was muscle pain.
Succinylcholine-related muscle ache is common and
it may not necessarily be regarded as a true medical
problem as it is self-limiting, never becomes chronic,
and responds favorably to nonsteroidal anti-inflammatory drugs.15 Adverse effects during the injection
of the neuromuscular blocking agent were also more
frequent in the succinylcholine group; most of these
patients had erythema. All observed manifestations
were mild to moderate and did not require treatment.
Five patients had symptoms related to the pretreatment with IV MgSO4 such as pain at the site of injection, skin rash, or nausea and vomiting. Three of those
patients wished to terminate the study and were
excluded from the analysis of the primary end point.
Clinicians who choose a magnesium-rocuronium
combination for RSI must be aware that such adverse
events may occur in about 1%–8% of patients (5 of
141, Clopper-Pearson 95% CI, 1.2-8.1). In general,
adverse effects related to a preoperative magnesium
infusion are well tolerated.6,7,29 Two adverse events
that were classified as serious were identified during
the study. One was related to the accidental administration of the neuromuscular blocking agent in an
awake patient. The other was not related to study
treatment. No significant difference between groups
was shown for values of systolic and diastolic blood
pressure before induction, and before and after intubation. There was on average a significantly higher
heart rate in the magnesium-rocuronium group compared with the succinylcholine group. This may be
attributed to a decrease in peripheral vascular resistance through a magnesium-mediated vasodilator
effect.31 It has been suggested that MgSO4 improves
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hemodynamic stability during orotracheal intubation
through a vasodilator effect related to reduced catecholaminergic release and calcium channel block.31
Overall, the rate of excellent intubating conditions
was significantly higher in women. This was related
to a higher rate of women who had excellent intubating conditions after having received magnesiumrocuronium. This result, although not the primary
interest of our study, was not unexpected as it is well
known that there is an impact of gender on the action
of nondepolarizing neuromuscular blocking agents.
Adamus et al14 have shown an increased susceptibility of aminosteroidal blockers such as rocuronium in
women.32,33 In these studies, the delay in the installation of the neuromuscular block was shortened,
while the duration of the block was prolonged in
women compared with men. Our observations may
be regarded as an opportunity to define a research
agenda to further study gender differences in pharmacology. Future trials may test the hypothesis that a
magnesium-rocuronium combination has a more pronounced effect in women than in men.
Post hoc subgroup analyses also suggested an
improvement in intubating conditions in patients
receiving midazolam. Midazolam has muscle relaxant properties via α2 γ-aminobutyric acid A (GABAA)
receptors.34–36 Additionally, anxiolytic properties of
midazolam may reduce basal tone in airway muscles.37 Midazolam also potentiates the effects of
opioids and propofol.38–40 When used as a premedication, midazolam has shown improved conditions of
facial mask ventilation and insertion of a laryngeal
mask.36,41 However, no data has so far identified a benefit of midazolam, alone or in combination with other
drugs, on intubating conditions. It may be assumed
that the improvement in intubating conditions after
premedication with midazolam was caused by muscle relaxant effects and synergy with anesthetic induction agents.
CONCLUSIONS
We designed this trial as a superiority study.
Therefore, the methodologically correct interpretation of the data must be that for RSI, a combination of
IV magnesium pretreatment 60 mg·kg–1 followed by a
standard intubating dose of rocuronium (0.6 mg·kg–1)
does not provide superior intubating conditions compared with succinylcholine 1 mg·kg–1, but might be an
alternative to succinylcholine in circumstances where
succinylcholine administration is not warranted. A
randomized study with a noninferiority design and
with a larger cohort should be carried out to investigate whether a magnesium-rocuronium combination
provides intubation conditions that are not inferior to
succinylcholine. Furthermore, a gender effect should
be investigated. E
XXX XXX • Volume XXX • Number XXX

ACKNOWLEDGMENTS

The authors thank Béatrice Gil-Wey, Claudine Carera,
and Patrick Huwiler, research assistants, Division
of Anesthesiology, Geneva University Hospitals,
Geneva, Switzerland. They also thank Carine Marcucci
and Mélanie Boand, Department of Anesthesiology,
Lausanne University Hospital, Lausanne, Switzerland,
for their efforts in data collection, and to the Clinical
Research Centre, University of Geneva & Geneva
University Hospitals, Geneva, Switzerland and the
Clinical Research Centre, University of Lausanne &
Lausanne University Hospital, Lausanne, Switzerland
for study monitoring.
DISCLOSURES

Name: Christoph Czarnetzki, MD, MBA.
Contribution: This author helped with the study concept and
design, acquisition of subjects and data, analysis and interpretation of data, and preparation of manuscript.
Name: Eric Albrecht, MD.
Contribution: This author helped with the study concept and
design, acquisition of subjects and data, analysis and interpretation of data, and preparation of manuscript.
Name: Philippe Masouyé, MD.
Contribution: This author helped with acquisition of subjects
and data, analysis and interpretation of data, and preparation
of manuscript.
Name: Moira Baeriswyl, MD.
Contribution: This author helped with acquisition of subjects
and data, analysis and interpretation of data, and preparation
of manuscript.
Name: Antoine Poncet, MS.
Contribution: This author helped with the interpretation of
data and preparation of manuscript and was responsible for
the statistical analysis.
Name: Matthias Robin, MD.
Contribution: This author helped with analysis and interpretation of data, and preparation of manuscript.
Name: Christian Kern, MD.
Contribution: This author helped with study concept and
design, analysis and interpretation of data, and preparation of
manuscript.
Name: Martin R. Tramèr, MD, DPhil.
Contribution: This author helped with the study concept and
design, acquisition of subjects and data, analysis and interpretation of data, and preparation of manuscript.
This manuscript was handled by: Ken B. Johnson, MD.
REFERENCES

1. Tran DTT, Newton EK, Mount VAH, et al. Rocuronium vs.
succinylcholine for rapid sequence intubation: a Cochrane
systematic review. Anaesthesia. 2017;72:765–777.
2. Lysakowski C, Suppan L, Czarnetzki C, Tassonyi E, Tramèr
MR. Impact of the intubation model on the efficacy of
rocuronium during rapid sequence intubation: systematic review of randomized trials. Acta Anaesthesiol Scand.
2007;51:848–857.
3. Huang L, Sang CN, Desai MS. A chronology for the identification and disclosure of adverse effects of succinylcholine.
J Anesth Hist. 2019;5:65–84.
4. Harper NJN, Cook TM, Garcez T, et al. Anaesthesia, surgery, and life-threatening allergic reactions: epidemiology and clinical features of perioperative anaphylaxis
in the 6th National Audit Project (NAP6). Br J Anaesth.
2018;121:159–171.

www.anesthesia-analgesia.org

9

Rapid Sequence Induction With Magnesium-Rocuronium

5. Lampl E, Dandoy M. Priming of atracurium with magnesium. Br J Anaesth. 1993;70:A139.
6. Fuchs-Buder T, Wilder-Smith OH, Borgeat A, Tassonyi
E. Interaction of magnesium sulphate with vecuroniuminduced neuromuscular block. Br J Anaesth. 1995;74:405–409.
7. Czarnetzki C, Lysakowski C, Elia N, Tramèr MR. Time
course of rocuronium-induced neuromuscular block after
pre-treatment with magnesium sulphate: a randomised
study. Acta Anaesthesiol Scand. 2010;54:299–306.
8. Schultz P, Ibsen M, Østergaard D, Skovgaard LT. Onset
and duration of action of rocuronium–from tracheal intubation, through intense block to complete recovery. Acta
Anaesthesiol Scand. 2001;45:612–617.
9. Pühringer FK, Rex C, Sielenkämper AW, et al. Reversal of
profound, high-dose rocuronium-induced neuromuscular
blockade by sugammadex at two different time points: an international, multicenter, randomized, dose-finding, safety assessor-blinded, phase II trial. Anesthesiology. 2008;109:188–197.
10. O’Reilly-Shah VN, Wolf FA, Jabaley CS, Lynde GC. Using
a worldwide in-app survey to explore sugammadex usage
patterns: a prospective observational study. Br J Anaesth.
2017;119:333–335.
11. Koinig H, Wallner T, Marhofer P, Andel H, Hörauf K, Mayer
N. Magnesium sulfate reduces intra- and postoperative
analgesic requirements. Anesth Analg. 1998;87:206–210.
12. George R, Condrey J, Wilson S. ASRA News - “Oh Mg!”
Magnesium: A Powerful Tool in the Perioperative Setting
- American Society of Regional Anesthesia and Pain
Medicine. American Society of Regional Anesthesia and
Pain Medicine. Published 2018. Available at: https://www.
asra.com/asra-news/article/105/oh-mg-magnesium-apowerful-tool-in-the. Accessed September 27, 2020.
13. Fuchs-Buder T, Claudius C, Skovgaard LT, Eriksson
LI, Mirakhur RK, Viby-Mogensen J; 8th International
Neuromuscular Meeting. Good clinical research practice
in pharmacodynamic studies of neuromuscular blocking
agents II: the Stockholm revision. Acta Anaesthesiol Scand.
2007;51:789–808.
14. Adamus M, Gabrhelik T, Marek O. Influence of gender on
the course of neuromuscular block following a single bolus
dose of cisatracurium or rocuronium. Eur J Anaesthesiol.
2008;25:589–595.
15. Schreiber JU, Lysakowski C, Fuchs-Buder T, Tramèr
MR. Prevention of succinylcholine-induced fasciculation and myalgia: a meta-analysis of randomized trials.
Anesthesiology. 2005;103:877–884.
16. Cormack RS, Lehane J. Difficult tracheal intubation in
obstetrics. Anaesthesia. 1984;39:1105–1111.
17. R Development Core Team. R: A Language and Environment
for Statistical Computing. R Foundation for Statistical
Computing; 2016.
18. Naguib M, Samarkandi A, Riad W, Alharby SW. Optimal dose
of succinylcholine revisited. Anesthesiology. 2003;99:1045–1049.
19. Krendel DA. Hypermagnesemia and neuromuscular transmission. Semin Neurol. 1990;10:42–45.
20. Lee C, Zhang X, Kwan WF. Electromyographic and
mechanomyographic characteristics of neuromuscular
block by magnesium sulphate in the pig. Br J Anaesth.
1996;76:278–283.
21. Fawcett WJ, Haxby EJ, Male DA. Magnesium: physiology
and pharmacology. Br J Anaesth. 1999;83:302–320.
22. El-Kobbia N, Doghaim M, Moustafa M, Deifallah A.
Comparative study between succinylcholine, rocuronium
and magnesium sulphate with rocuronium in rapid sequence
induction. Res Opin Anesth Intensive Care. 2015;2:57–61.
23. Kim MH, Oh AY, Han SH, Kim JH, Hwang JW, Jeon YT. The
effect of magnesium sulphate on intubating condition for

10   
www.anesthesia-analgesia.org

24.

25.
26.

27.

28.
29.

30.

31.
32.

33.

34.

35.
36.

37.

38.
39.

40.
41.

rapid-sequence intubation: a randomized controlled trial. J
Clin Anesth. 2015;27:595–601.
Park SJ, Cho YJ, Oh JH, Hwang JW, Do SH, Na HS.
Pretreatment of magnesium sulphate improves intubating conditions of rapid sequence tracheal intubation using
alfentanil, propofol, and rocuronium: a randomized trial.
Korean J Anesthesiol. 2013;65:221–227.
Mulier JP. Is opioid-free general anesthesia for breast
and gynecological surgery a viable option? Curr Opin
Anaesthesiol. 2019;32:257–262.
Mauermann E, Ruppen W, Bandschapp O. Different protocols used today to achieve total opioid-free general
anesthesia without locoregional blocks. Best Pract Res Clin
Anaesthesiol. 2017;31:533–545.
Czarnetzki C, Elia N, Frossard JL, et al. Erythromycin for
gastric emptying in patients undergoing general anesthesia
for emergency surgery: a randomized clinical trial. JAMA
Surg. 2015;150:730–737.
Murphy GS. Neuromuscular monitoring in the perioperative period. Anesth Analg. 2018;126:464–468.
Czarnetzki C, Tassonyi E, Lysakowski C, Elia N, Tramèr
MR. Efficacy of sugammadex for the reversal of moderate
and deep rocuronium-induced neuromuscular block in
patients pretreated with intravenous magnesium: a randomized controlled trial. Anesthesiology. 2014;121:59–67.
Naguib M, Samarkandi AH, El-Din ME, Abdullah K, Khaled
M, Alharby SW. The dose of succinylcholine required for
excellent endotracheal intubating conditions. Anesth Analg.
2006;102:151–155.
Kutlesic MS, Kutlesic RM, Mostic-Ilic T. Magnesium in obstetric anesthesia and intensive care. J Anesth. 2017;31:127–139.
Adamus M, Hrabalek L, Wanek T, Gabrhelik T, Zapletalova
J. Influence of age and gender on the pharmacodynamic
parameters of rocuronium during total intravenous anesthesia. Biomed Pap Med Fac Univ Palacky Olomouc Czech
Repub. 2011;155:347–353.
Adamus M, Koutna J, Gabrhelik T, Hubackova M, Janaskova
E. Influence of gender on the onset and duration of
rocuronium-induced neuromuscular block. Biomed Pap Med
Fac Univ Palacky Olomouc Czech Repub. 2007;151:301–305.
Duval A, Malécot CO, Perchenet L, Piek T. The benzodiazepine midazolam preferentially blocks inactivated Na channels in skeletal muscle fibre. Naunyn Schmiedebergs Arch
Pharmacol. 1993;347:541–547.
Möhler H, Fritschy JM, Rudolph U. A new benzodiazepine
pharmacology. J Pharmacol Exp Ther. 2002;300:2–8.
Park JW, Min BH, Park SJ, et al. Midazolam premedication facilitates mask ventilation during induction of general anesthesia: a randomized clinical trial. Anesth Analg.
2019;129:500–506.
Murphy PJ, Erskine R, Langton JA. The effect of intravenously administered diazepam, midazolam and flumazenil on the sensitivity of upper airway reflexes. Anaesthesia.
1994;49:105–110.
Short TG, Chui PT. Propofol and midazolam act synergistically in combination. Br J Anaesth. 1991;67:539–545.
Adachi YU, Uchihashi Y, Watanabe K, Satoh T. Small dose
midazolam or droperidol reduces the hypnotic dose of
propofol at the induction of anaesthesia. Eur J Anaesthesiol.
2000;17:126–131.
Ben-Shlomo I, abd-el-Khalim H, Ezry J, Zohar S, Tverskoy
M. Midazolam acts synergistically with fentanyl for induction of anaesthesia. Br J Anaesth. 1990;64:45–47.
Nakazawa K, Hikawa Y, Maeda M, et al. Laryngeal mask
airway insertion using propofol without muscle relaxants: a
comparative study of pretreatment with midazolam or fentanyl. Eur J Anaesthesiol. 1999;16:550–555.

ANESTHESIA & ANALGESIA

