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Magnesium sulfate versus Lidocaine pretreatment for prevention of 
pain on etomidate injection: A randomized, double‑blinded placebo 
controlled trial

Mohammadreza Safavi, Azim Honarmand, Ashraf Sadat Sahaf, Seyyed Mohammad Sahaf, 
Mohammadali Attari, Mahsa Payandeh, Alireza Iazdani, Nilofarsaddat Norian

ABSTRACT

Objective: Etomidate is an imidazole derivative and formulated in 35% propylene 
glycol.  When given without a rapid lidocaine injection, etomidate is associated with 
pain after injection. Magnesium (Mg) is a calcium channel blocker and influences the 
N‑methyl‑D‑aspartate receptor ion channel.  The aim of the study is to evaluate the efficiency 
of preemptive injection of magnesium sulfate and lidocaine on pain alleviation on etomidate 
intravenous injection.
Methods: In a randomized, double‑blinded trial study, 135 adult patients scheduled for 
elective outpatient or inpatient surgery were divided into three groups. Group M received 
620 mg magnesium sulfate, Group L received 3 ml lidocaine 1% and Group S received normal 
saline, all in a volume of 5 mL followed by a maximal dose of 0.3 mg/kg of 1% etomidate. 
Pain was assessed on a four‑point scale: 0 = no pain, 1 = mild pain, 2 = moderate pain and 
3 = severe pain at the time of pretreatment and etomidate injection.
Findings: About 60% of patients in the control group had pain during etomidate 
injection as compared to 22.2% and 40% in the lidocaine and magnesium sulfate groups, 
respectively. There was difference in induction pain score between three treatment groups, 
significantly (P = 0.01) and observed differences in pain scores between “normal saline 
and lidocaine group” (P < 0.001) and “normal saline and magnesium sulfate groups” were 
statistically meaningful (P = 0.044).
Conclusion: Intravenous magnesium sulfate and lidocaine injection are comparably effective 
in reducing etomidate‑induced pain.
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INTRODUCTION
Several intravenous (IV) agents used in present-day 
anesthesia practice often produce pain after 
IV injection. When given without an adjuvant, 
etomidate (formulated in 35% propylene glycol) 
is associated with inflammation and pain after 
injection.[1,2]

Etomidate (Amidate, Hynomidate) is an imidazole 
derivative[3] that its properties include hemodynamic 
stability, minimal respiratory depression, cerebral 
protection, pharmacokinetics enabling rapid recovery 
and maintenance of anesthesia after either a single 
dose or a continuous infusion.[4]

Etomidate has the disadvantage of pain on injection 
that a rapid lidocaine injection is effective in the 
alleviation of pain during the injection of etomidate. 
Pain on injection is reduced further using a large 
vein. The lipid formulation of etomidate also is 
associated with a much lower incidence of pain on 
injection, thrombophlebitis, and histamine release 
on injection.[1] The hyperosmolality of the propylene 
glycol formulation may cause direct injury to vascular 
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endothelium, resulting in local physical damage and 
release histamine into the circulation.[5]

Magnesium sulfate has been used for many years 
for the management of preeclampsia, cardiac 
arrhythmias and postoperative pain.[6,7] Magnesium is 
an antagonist of the N-methyl-D-aspartate (NMDA) 
receptor ion channel, and this may explain part of its 
analgesic activity.[8]

There are no advantages for using magnesium sulfate 
in comparison with lidocaine in the term of adverse 
effects. It was not investigated before which drug 
was better for control of pain following etomidate 
injection. So the present study was conducted to 
compare the efficacy of magnesium sulfate with 
lidocaine on the incidence and severity of pain after 
induction of anesthesia with etomidate.

METHODS

This double-blinded, randomized study was 
conducted in 2011–2012 at Kashani Hospital. 
We studied 135 patients, (American Society of 
Anesthesiologists [ASA]) physical status I and II, 
aged 18–65 years and who were scheduled for 
elective outpatient or inpatient (orthopedic and 
neurosurgical surgeries). Inclusion criteria were 
patients without neuromuscular disease and difficulty 
in communication, patients without ischemic heart 
disease, cardiac rhythm other than sinus rhythm, 
recent convulsions, history of endocrine or metabolic 
disease, severe neurological deficits and psychiatric 
disorders, those without thin dorsal hand veins, 
nonsuspected or unknown pregnancy, nonlactating 
women, patients without disorders of pancreas or 
liver, renal problems, thrombophlebitis, or chronic 
pain for which they were taking sedative or analgesic 
medication, received an analgesic within 24 h before 
surgery, and those without a history of difficult 
intubation. Exclusion criteria were patients with 
allergy to etomidate, magnesium sulfate and lidocaine 
and patients with cardiac arrest. Also, if there was 
any change in technique of anesthesia, the patient 
was excluded from the study. If the patient condition 
was not suitable for general anesthesia, the technique 
of anesthesia was changed to the regional anesthesia.

In the preoperative holding area, informed consent 
was obtained, fasting status was confirmed, and 
a 20-gauge peripheral IV catheter was placed in 
the dorsum of the hand without subcutaneous 
local anesthesia. Lactated Ringer’s solution was 
infused, and a premedication dose of IV midazolam 
(1–2 mg) was administered. Monitoring including 
electrocardiogram lead II, noninvasive arterial blood 
pressure, and pulse oximetry was instituted.

The sample size was calculated with an alpha level 
equal to 5% and the study power equal 80% and 
using the following formula about 45 samples in each 
group and the total 135 samples.[7]

Patients were randomly assigned to one of three groups 
by computer-generated randomization. Patients in the 
magnesium group (Group M, n = 45) received 620 mg 
of IV magnesium sulfate (2 ml) in 3 ml of normal 
saline, patients in the lidocaine group (Group L, n = 45) 
received IV lidocaine 1% (3 ml) in 2 ml of normal 
saline, whereas patients in the control group (Group S, 
n = 45) received 5 ml of saline over the same period. 
The anesthetist was unaware of which solution was 
administered. The drugs used in the study were 
prepared in identical syringes at room temperature by 
personnel blinded to the study group.

Preoxygenation via face mask was performed for 
3 min. Then all groups were induced with etomidate 
over 1 min, up to a maximal dose of 0.3 mg/kg in 
20 ml of normal saline.

Etomidate has onset effect time 30–60 s since injection 
till loss of consciousness.[4] It was administered over 30–
60 s. Patients were evaluated for pain every 10 s until 
loss of consciousness. The severity of injection pain 
was explained using the four-point scale: 0 = no pain, 
1 = mild pain (reported only in response to questioning 
and without behavioral signs), 2 = moderate pain (pain 
reported in response to questioning and accompanied 
by behavioral signs or pain reported spontaneously 
without questioning), or 3 = severe pain (strong vocal 
response or response accompanied by facial grimacing, 
arm withdrawal).[2] The absence or presence of erythema 
in the arm reaction was observed and recorded. 
Heart rate (HR) and systolic blood pressures (SBP) 
and diastolic blood pressures (DBP) were recorded 
before the administration of pretreatment solution and 
1–3 min after etomidate injection. Hypotension was 
characterized as mean medium arterial pressure (MAP) 
reduction (computed comparing the baseline blood 
pressure with the minimal value calculated) and the 
total number of patients with MAP decrease >20 mmHg. 
During the first postoperative 24 h, the injection site 
was assessed for pain, oedema, or allergic reactions by 
an anesthesiologist who was unaware which drug had 
been administered. Statistical analysis was carried out 
with the SPSS 22 software (SPSS, Inc., Chicago, IL). 
One-way analysis of variance and post‑hoc comparisons 
at various points in time using Bonferroni’s type I 
error rate correction was used to compare differences 
in mean values between groups. Chi-square test and 
Mann–Whitney test was used for analysis of qualitative 
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variables. The P < 0.05 was considered statistically 
significant.

RESULTS

For this study, 135 patients were randomly assigned 
to three treatment groups. Demographic data (age, 
gender, ASA, weight and height) were similar in 
three groups [Table 1]. There were no differences 
in duration of anesthesia (the time from injection 
of anesthetic drug till its discontinuation), duration 
of surgery (the time from beginning of surgery till 
its termination), extubation time (the time from 
discontinuation of anesthetic drug till extubation) 
and recovery stay time (the time since from arrival of 
patient to the recovery room till its leaving) between 
three groups [Table 2].

The mean HR was not different in the three groups 
at different time intervals, significantly [Table 3]. 
No difference was showed in all groups with 
regard to SBP and DBP, recorded at different time 
intervals [Table 3]. There were no patients with 
hypotension in any group.

The incidence of pain during injection of etomidate 
in three groups is shown in Table 4. Duration of 
etomidate injection, in normal saline group 60% of 

the patients had pain as compared to 40% and 22.22% 
in the magnesium sulfate and lidocaine groups, 
respectively. There was a significant difference in 
the incidence of different severity of pain score 
between three treatment groups (P = 0.01) [Table 4] 
as analyzed with Chi-square test. The results showed 
that the observed differences in pain scores between 
“normal saline versus lidocaine group” (P < 0.001) 
and “normal saline versus magnesium sulfate 
groups” (P = 0.044) were statistically meaningful. 
But there was no significant difference in pain scores 
between lidocaine versus magnesium sulfate groups. 
The observed differences in erythema during the 
first postoperative 24 h at the injection site between 
normal saline, magnesium sulfate and lidocaine 
groups were not significant (P = 0.812). Similarly, 
there was no difference in oedema between the all 
groups (P = 0.067). Also, the allergic reaction between 
three groups showed that there were no comparative 
differences (P = 0.417).

DISCUSSION

There was no difference in demographic data between 
three groups showing that they affected neither the 
presence nor the intensity of pain. The hemodynamic 
stability indices such as HR, SBP and DBP were 
recorded at 0–3 min after the etomidate injection in 
three groups. Result showed that there were not 
differences in mentioned hemodynamic stability 
indices between the groups. This demonstrated that 
lidocaine and magnesium pretreatments were equally 
safe in patients’ hemodynamic stability during IV. 
Etomidate injection. There were no statistically 
significant differences in duration of anesthesia, 
surgery, extubation, and recovery between the groups.

Etomidate is an imidazole derivative (R-[+]- 
pentylethyl-1H-imidazole-5 carboxylate sulfate).[3] 
Despite all the advantages of using the etomidate for 
induction of anesthesia, rapid administration of 
etomidate is associated with pain. Therefore, 
considering the use of etomidate in clinical practice, 
the pain frequently reported on the induction of 
anesthesia cannot be neglected.[8,9] Many methods 
have been used to reduce the incidence of pain on 
etomidate injection with variable results. Injecting 
into a large forearm vein reduces the pain.[1,2] Lipid 
formulation of etomidate also is associated with a 
much lower incidence of pain on injection.[1] Also, 
using some medications such as thiopental sodium, 
opioids, and metoclopramide preemptively prevented 
the pain associated with etomidate injection. Altering 
temperature and PH of etomidate formulation is 
another technique used in this respect;[10] however, 
IV lidocaine is the most frequently used method 

Table 1: Demographic data of patients in three 
treatment groups
Variables Group M 

(n=45)
Group L 
(n=45)

Group S 
(n=45)

P

Age (years) 36±17.5 35±14 36.5±17 0.866
Gender

Male 30 (66.7) 31 (68.9) 33 (73.3) 0.783
Female 15 (33.3) 14 (31.1) 12 (26.7)

BMI (kg/m2) 24.4±1.9 25.6±3.3 24.5±2.5 0.063
ASA physical status

I 36 (80) 38 (84.4) 33 (73.3) 0.425
II 9 (20) 7 (15.6) 12 (26.7)

Data are presented as mean±SD or number (%) of patients, where applicable. 
Age and BMI were analyzed by ANOVA test. Sex and ASA were analyzed by 
Chi‑square test. ASA physical status 1=A normal healthy patient, ASA physical 
status 2=A patient with mild systemic disease. Groups: M=Magnesium sulfate, 
L=Lidocaine, S=Normal saline. BMI=Body mass index, ASA=American Society 
of Anesthesiologists, SD=Standard deviation

Table 2: Duration of anesthesia, surgery, extubation 
and recovery in three treatment groups
Variables (min) Group M 

(n=45)
Group L 
(n=45)

Group S 
(n=45)

P

Duration of anesthesia 90.6±26.7 86±29.7 84±28.3 0.514
Duration of surgery 104±40.5 102.1±38.5 100.3±40.7 0.915
Duration of extubation 19.3±1.5 19.5±1.5 19.5±1.6 0.865
Duration of recovery 27.5±2.3 28±2.3 28.5±2.2 0.158

Data are presented as mean±SD and analyzed by ANOVA test. Groups: 
M=Magnesium sulfate, L=Lidocaine, S=Normal saline. SD=Standard deviation
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to reduce pain associated with induction doses of 
etomidate.[9]

Lidocaine, a local anesthetic, reversibly blocks 
peripheral nerve pathways through the action on 
excitable membranes in the arm.[10] It blocks fast 
voltage-gated sodium channels in the cell membrane 
of nerve impulses.[10] Lidocaine pretreatment 
may modify vascular pain on etomidate injection 
because of its local analgesic effect of stabilizing 
the kinin cascade.[11,12] Brown and Moss[2] stated 
a significant reduction (from 37% to 10%) in the 
frequency of pain on etomidate injection of into 
veins on the dorsum of the hand by the addition of 
lidocaine. Melnick et al.[13] reported that lidocaine is 
an effective drug to reduce the etomidate-induced 
pain by allowing lidocaine to dwell prior to 
etomidate administration.

Magnesium is the calcium channel blocker, and it 
probably interferes with calcium channel and NMDA 
receptors. Calcium is required for the release of 
various neurotransmitters and substances, implicated 

in nociceptive pain and inflammation. Thus, the 
analgesic action of some calcium channel blockers 
is mediated by an increase in nociceptive threshold 
resulting from interference with calcium influx.[14,15] A 
second possible explanation for the analgesic action 
of magnesium is its antagonism of the NMDA 
receptor. The NMDA receptor is coupled to an ion 
channel permeable to K+ and Ca2+. Magnesium blocks 
NMDA receptor currents in a voltage-dependent 
manner by blocking the receptor channel.[16-19] Guler 
et al. compared low-dose magnesium and ketamin in 
preventing the injection pain of etomidate and found 
ketamin to be superior.[17] In a study of magnesium 
sulfate pretreatment to alleviate pain on propofol 
injection, a comparison with ketamine or lidocaine, 
Honarmand and Safavi[18] noted that IV magnesium, 
ketamine, and lidocaine pretreatment are equally 
effective in attenuating propofol-induced pain. One 
previous study showed that MgSO4 620 mg was 
effective in reducing severity of myoclonic muscle 
movements induced by etomidate.[17]

Our study had some limitations. We didn’t check the 
serum level of MgSO4 and lidocaine that alleviated 
etomidate induced pain. Also, we used the bolus 
doses of MgSO4 and lidocaine. We recommend 
designing another study to investigate the effect of 
infusing MgSO4 and lidocaine in this respect. Another 
recommendation is using a combination of MgSO4 
and lidocaine in this regard.

It is concluded in the current study, after comparing 
the two methods, pretreatment with IV magnesium 
620 mg and lidocaine 1% 3 ml was comparably 
effective in attenuating pain during IV injection of 
etomidate. Therefore, anesthesiologist based on the 
availability of magnesium sulfate or lidocaine can be 
used either of these drugs.

Table 3: Patient’s mean SBP, DBP and HR values
Variables Groups Time

0 1 2 3
HR (beats/min) M 89.1±21.6 86.2±12.7 87±13.1 83.8±13.7

L 89.5±21 91.2±14.1 89±14.3 83.3±12.8
S 91±13.8 89±13.6 85.3±12.6 84.5±2.5

P value 0.879 0.206 0.442 0.924
SBP (mmHg) M 132.7±20 130.3±17.8 122±19.5 121.1±19.5

L 135.7±17.8 133±18.2 121.2±21 117.3±18.1
S 132.2±15.1 130±21 127.5±15.2 124.5±14.8

P value 0.603 0.713 0.237 0.097
DBP (mmHg) M 79.8±13 77±12.3 72.6±16.3 73.2±12.6

L 82.4±11.4 81±15 75±17.7 71.4±14.6
S 81.7±10.8 78.5±12 78.6±15 76.2±10.6

P value 0.549 0.330 0.225 0.206

Data are presented as mean±SD and analyzed by ANOVA test. Time: 0=Before etomidate injection, 1, 2, 3=At 1, 2 and 3 min after etomidate injection. Groups: 
M=Magnesium sulfate, L=Lidocaine, S=Normal saline. SD=Standard deviation, DBP=Diastolic blood pressure, SBP=Systolic blood pressure, HR=Heart rate

Table 4: The incidence of pain, erythema, edema 
and allergic reaction during etomidate injection in 
three groups
Variables Group M 

(n=45)
Group L 
(n=45)

Group S 
(n=45)

P

Pain score
0 (no pain) 27 (60) 35 (77.8) 18 (40) 0.011
1 (mild pain) 9 (20) 7 (15.6) 12 (26.7)
2 (moderate pain) 8 (17.8) 2 (4.4) 10 (22.2)
3 (severe pain) 1 (2.2) 1 (2.2) 5 (11.1)

Erythema 2 (4.4) 1 (2.2) 2 (4.4) 0.812
Edema 4 (8.9) 1 (2.2) 0 (0) 0.067
Allergic reaction 4 (8.9) 8 (17.8) 5 (11.1) 0.417

Data are presented as number (%) of patients. Data were analyzed by 
Chi‑square test. Groups: M=Magnesium sulfate, L=Lidocaine, S=Normal saline
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