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Abstract: Background: Propofol is the most widely used drug in the induction of general anesthesia, however its
disadvantages of injection pain has always been a problem for clinical anesthetists. Many strategies have been pro-
posed and magnesium sulfate is one of them. This is the first meta-analysis studies evaluating effects of magnesium
sulfate pretreatment for preventing propofol-induced injection pain. Methods: We searched MEDLINE, EMBASE,
Google scholar and the Cochrane Database of Systematic Review databases for randomized controlled trials (RCTs)
that evaluated the prophylactic effect of magnesium sulfate on propofol injection pain. Meta-analyses were per-
formed using RevMan 5.3 software. Results: Five RCTs involving 545 participants were included. Magnesium sul-
fate allows more patients experiencing no pain or mild pain during propofol injection ([RR] 2.70, 95% [CI] 1.10-6.64,
P=0.03, 2.12,95% CI 1.46-3.08, P < 0.0001, respectively). And the number of patients with severe pain (RR 0.12,
95% CI 0.06-0.25, P < 0.00001) on injecting propofol were significantly decreased. However, no statistical signifi-
cance was found between magnesium sulfate group and placebo group in moderate pain (RR 0.22, 95% CI 0.05-
0.97, P=0.05). Conclusion: Our meta-analysis suggested that pretreatment with magnesium sulfate intravenously
before injecting propofol allow more patients to experiencing no pain during propofol injection and can reduce the
intensity of injection pain effectively without causing any adverse effect.
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Introduction

Propofol is the most widely used intravenous
anesthetic drug in induction and maintenance
of anesthesia for its rapid onset, short duration
and prompt recovery. However, its disadvan-
tage of pain atinjection site is unpleasant expe-
rience for most patients, especially when a
small vein on the dorsum of hand was selected.
The pain can be highly sharp, aching, or burning
which may decrease the patients’ satisfaction
with anesthetic care. It is reported that inci-
dence of propofol injection pain varies between
28% and 90% in adults and 28% and 85% in
children in the absence of other pretreatments
[1]. It has been ranked as the seventh among
the top 33 clinical problems of anesthesia in
current clinical setting by American anesthesi-
ologists [2].

Mechanism of the propofol induced pain has
been unclear. Yet as reported, one of the poten-
tial reasons may be that propofol is insoluble in
water and prepared in oil emulsion which con-
sists of long-chain triglyceride solution [3]. This
lipid solvents can directly irritate the skKin,
mucous membranes, and venous intima, and
thus stimulate nociceptors and free nerve end-
ings [4]. What’s more, propofol can also lead to
a delayed pain at about 15 seconds after injec-
tion of propofol due to the activation of kalli-
krein and bradykinin [5]. Various factors, includ-
ing the site of injection, speed of injection, vein
size, aqueous phase propofol concentration,
propofol temperature, blood buffering, and the
concomitant use of various drugs, appear to
influence this pain [6-8]. Many strategies has
been proposed to reduce propofol-induced pain
with variable results including both pharmaco-
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logical (e.g. pre-treatment with lidocaine,
ondansetron, magnesium sulfate, nafamostat,
ketamine or topical nitroglycerine application
with propofol, diluting propofol with 5% dex-
trose or 10% intralipid and using medium and
small-chain triglycerides) and non-pharmaco-
logical methods have been used [9, 10, 4,
11-15]. Despite many studies have been con-
ducted on this issue, there is still much contro-
versy. Lidocaine is the most popular method for
reducing this pain. However, lidocaine can not
entirely control propofol induced pain [10].
Consequently the ideal method of prevention of
propofol injection pain is still unclear, there is a
need to investigate other effective and conve-
nient methods.

Magnesium has been used for many years as
an antidysrhythmic for the treatment of eclamp-
sia and for intraoperative and postoperative
analgesia [16-19]. And it has also been used in
many trials to provide analgesia for pain caused
by propofol injection [20]. Thus we performed
this study to assess the effect and safety of
magnesium sulfate for reducing incidence and
intensity of propofol injection pain. It could pro-
vide the basis of future clinic application. We
critically analyzed the published data of the
effects of magnesium sulfate on decreasing
propofol injection pain.

Materials and methods

The current meta-analysis was performed fol-
lowing the guidelines recommended in the
Cochrane Handbook for Systematic Reviews of
Interventions [21] and the Preferred Reporting
ltems for Systematic Reviews and Meta-
Analyses (PRISMA) statement [22].

Search strategy

Online databases of MEDLINE (from 1966 to
November 2014), EMBASE (from 1982 to
November 2014), Google scholar and the
Cochrane Database of Systematic Review were
searched for randomized controlled trials
(RCTs) that studied the effect and safety of
magnesium sulfate on propofol-induced injec-
tion pain, two reviewers in duplicate. The follow-
ing MeSH terms and keywords were used for
our research: magnesium sulfate AND propofol.
Language of publication was not restricted. The
most recent search was conducted on
November 10, 2014. A secondary reference
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review was also conducted by hand searching
to ensure that no relevant studies were missed.
Reviews, abstracts, correspondence, and let-
ters were excluded. No search was performed
for unpublished studies. The search strategy is
summarized in Figure 1.

Inclusion and exclusion criteria

Trials meeting the following criteria were includ-
ed: (1) randomized controlled trials (RCTs); (2)
studies included magnesium sulfate group and
placebo group (saline); (3) full-text articles avail-
able; (4) presence of detailed clinical data. Two
investigators (Mengzhu Li and Xiang Zhao) read
the full-text articles and decided whether the
study met the inclusion criteria independently.
All controversies were resolved via consensus.
The primary endpoint of the present review was
the pain score of propofol injection pain.

Data extraction

Two investigators (Mengzhu Li and Xiang Zhao)
reviewed the studies and extracted the data
independently using a standard data collection
form. Any discrepancy in the process of data
extracting was resolved by consensus. The fol-
lowing information was extracted: author’s
name, year of publication, country in which the
study was conducted, interventions between
magnesium sulfate and placebo group, number
of subjects in treatment and placebo groups,
injection site and size of indwelling needle,
assess method of pain.

Quality assessment

We used the Cochrane Collaboration’s tool to
evaluate the quality of all included trials for
assessing risk of bias [23]. Two reviewers
(Mengzhu Li, Xiang Zhao) used the tool to
assess the following types of biases respec-
tively: allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome
assessment, incomplete outcome data, selec-
tive reporting, and other bias. Any disagree-
ment was resolved by a third author.

Statistical analysis

Statistical analysis was performed using Rev
Man 5.3 software from the Cochrane
Collaboration. The heterogeneity across each
effect size was evaluated with chi-square test
and [I? statistic, which is useful for assessing
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Records identified through
database searching (n=58)

data for the planned compari-
son. The process used to
identify eligible studies is
illustrated in Figure 1.

analysis)

52 inappropriate articles

removed based on titles (review
*| articles, laboratory studies or quality
irelevant to the present

Study characteristics and

The characteristics of each

A4
6 full-text articles for further
evaluation

included trial are described in
Table 1. Among the five trials,
one was conducted in
America [28], four in Asia [24-
27]. All trials were published

Y

datas

1 article were excluded for it
was a letter that can't extract

between 2002 and 2014 and
all of them were in English. In

Y

5 studies included in meta-
analysis

Figure 1. Flow chart outlining retrieved, excluded, and evaluated randomized

controlled trials.

consistency between trials. 1> > 50% suggested
that there was significant heterogeneity. A
fixed-effect model was used if the P value of
the chi-square test was > 0.10 or I? < 50%, oth-
erwise, the random-effects model was adopt-
ed. Sensitivity analysis was performed to
explore the impact of an individual study by
omitting each study in turn and investigating
the influence of each study on the overall
pooled estimate. Due to the limited number of
trials, subgroup analysis was not conducted.

Results
Search results

Our electronic searches identified 58 articles
through the following databases: MEDLINE,
EMBASE, Google scholar and the Cochrane
Database of Systematic Review. We screened
titles and abstracts, find 6 studies were poten-
tially eligible and the other 52 were excluded
for they were not RCTs that investigated the
effect and safety of magnesium sulfate on pro-
pofol-induced injection pain. Among the 6
potentially eligible articles, 1 was excluded for
it was a letter that cannot extract data.

Therefore, 5 studies [24-28] with a total of 545
patients were ultimately found to fulfill the
inclusion criteria and contained the required
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the five trials, three of them
compared the effect of mag-
nesium sulfate and lidocaine
on propofol-induced injection
pain [25, 27, 28]. All subjects
in the selected trials received
general anesthesia and pro-
pofol was used in the induc-
tion. Magnesium sulfate was given before
administering propofol to the treatment groups
according to the protocol used by each trial.
Two trials established i.v. access with 18-G can-
nula [25, 26], the other three trials used 20-G
cannula [24, 27, 28]. The indwelling needle was
inserted into brachial vein of both arms in one
trial [24], while the other four trials selected a
vein on dorsum of hand [25-28]. Pain on injec-
tion was assessed using a four-point scale in all
five studies. But Galgon RE etc. only showed
the proportions of subjects experiencing propo-
fol injection pain and mean (95% Cl) group pain
response scale scores of each group in their
study [28], however the number of patients at
each level of pain scores were listed in other
four studies [24-27]. So we only extracted the
number of patients without injection pain in the
study of Galgon RE etc. Among the five selected
articles, four [24-27] reported the positive
effect of magnesium sulfate on reducing propo-
fol-induced injection pain, one study [28] did
not find any positive results.

Risk of bias of included studies

Among all selected trials, each study was
described as a randomized trial. In four studies
the randomized sequence and allocation
sequence concealment were adequately con-
ducted [25-28]. Four studies used the alloca-
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Table 1. Basic characteristics of the trials included in the meta-analysis

Pretreatment (magnesium group vs -

Size of indwelling needle and -

Numbers of subjects (magne-

Assesment

Articles Countr Journal L . . .
y placebo group) injection site sium group vs placebo group) method of pain
Galgon, R. E. 2014 USA J Anesth Magnesium sulfate 0.25 mg IV. vs 0.9% sodium A 20-gauge needle was inserted into a vein 44 vs 39 A four-point scale
chloride solution IV on the dorsum of the hand
Alipour, M. 2014 Iran Iran Red Crescent Med J Magnesium Sulfate 2 mmol IV. vs saline - A 20-gauge needle was inserted into a vein 56 vs 56 A four-point scale
solution IV on the dorsum of the hand
Singh, D. K. 2011 India Saudi J Anaesth Magnesium sulfate 2.48 mmol IV. vs normal - A 18-gauge needle was inserted into a vein 25vs 25 A four-point scale
saline IV on the dorsum of the hand
Agarwal, A. 2004 India Can J Anaesth Magnesium sulfate 1 g IV. vs normal - A 18-gauge needle was inserted into a vein 100 vs 100 A four-point scale
saline IV on the dorsum of the hand
Memis, D. 2002 Turkey Anesth Analg Magnesium sulfate 2.48 mmol IV. vs - A 20-gauge needle was inserted into the 50 vs 50 A four-point scale
saline IV brachial vein of both arms
6816 Int J Clin Exp Med 2015;8(5):6813-6821
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Random sequence generation (selection bias) _:l

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance hias) _
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) —

omervias N ]

Sensitivity analysis

Sensitivity analyses were per-
formed to assess whether the
pooled estimate of injection
pain will alter by removing
each study sequentially and
reanalyzing. Finally, the corre-

0% 25%

B Low risk of bias [Junciearrisk of bias

50%

Bl High risk of bias

75%  100% sponding pooled RRs were all

consistent with the original
outcomes.

Figure 2. Risk of bias graph: review authors’ judgments about each risk of
bias item presented as percentages across all included studies.
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Singh, D. K.2011 | @

Figure 3. Risk of bias summary: review authors’ judg-
ments about each risk of bias item for each included
studies.

tion concealment method [25-28], and the
other one were unclear [24]. All studies were
blinded to participants and personnel.
Incomplete outcome data bias and selective
reporting bias were all considered as low, as we
could not obtain each study’s original protocol.
The included and excluded criterions were
reported in details in all trials. Risk of bias
assessment of each study is described in
Figures 2 and 3, showing that most of the stud-
ies had high quality. The risk of bias tool, Rev
Man 5.3 was used.
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Clinical outcomes

Meta-analysis outcomes show that magnesium
sulfate allows more patients experiencing no
pain (risk ratio [RR] 2.70, 95% confidence inter-
val [Cl] 1.10-6.64, P=0.03, Figure 4) or mild
pain (RR 2.12, 95% Cl 1.46-3.08, P < 0.0001,
Figure 5) during propofol injection. And the
cumulative number of patients with severe pain
(RR 0.12, 95% CI 0.06-0.25, P < 0.00001,
Figure 6) during propofol injection were also
significantly decreased with the pretreatment
of magnesium sulfate. However, no statistical
significance was found between magnesium
sulfate group and placebo group in moderate
pain (RR 0.22, 95% ClI 0.05-0.97, P=0.05,
Figure 7). In the analysis of none pain, moder-
ate pain and severe pain, a random-effects
model was used for significant heterogeneity
exist between trials detected (1?>=89%; 1°=55%,
1°=89%, respectively, Figures 4, 6 and 7).

Adverse effects

Two trials reported pain on injection site of
magnesium sulfate. No complications such as
pain, edema, or allergic reactions were
observed at the injection site within the first 24
h after the operation.

Discussion

The propofol injection pain has always been
identified as a troubling concern for anesthesi-
ologists. However the exact mechanism of pain
on injection remains unclear. Many drugs such
as magnesium sulfate, flurbiprofen, axetil
paracetamol, ondansetron, granisetron, dex-
medetomidine, alfentanyl, fentanyl, lidocaine,
ketamine [27-31] have been used to alleviate
this pain. Yet, despite lots of trials attempting
to discover an intervention to alleviate the pro-
pofol injection pain, no intervention has consis-
tently affected its complete relief. Current evi-
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magnesium sulfate group

or Subgrou nts Total
Agarwal, A 2004 68 100
Alipour, M.2014 29 56
Galgon, R. E.2014 19 44
Memis, D.2002 32 50
Singh, D. K.2011 5 25
Total (95% Cl) 275
Total events 153

placebo group

nts
24
1
21
8

3

57

Risk Ratio
Total Weight M-H, Random, 95% CI

100 24.8% 2.83[1.95,4.12)
56 11.6%  29.00 [4.09, 205.62)
39 243% 0.80[0.51,1.25)
50 22.7% 4.00[2.05,7.80]
25 16.6% 1.67 [0.45, 6.24]
270 100.0% 2.70[1.10, 6.64]

Heterogeneity. Tau®= 0.81; Chi*= 34.80, df= 4 (P < 0.00001); = 89%

Test for overall effect Z= 217 (P=0.03)

Risk Ratio
M-H, Random, 95% CI

'
0.005 01 10
Favours [Magnesium sulfate] Favours [placebo)]

Figure 4. Forest plot of RR. Magnesium sulfate group and placebo group on preventing propofol injection pain with

Risk Ratio
M-H, Fixed, 95% CI

95% Cl.
magnesium sulfate group  placebo group Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Ci
Agarwal, A.2004 29 100 10 100 30.3%  2.90[1.49,5.63]
Alipour, M.2014 24 56 10 56 30.3%  2.40(1.27,4.54)
Memis, D.2002 10 50 10 50 303%  1.00(0.46,219)
Singh, D. K2011 7 25 3 25  91%  2.33[0.68,8.01]
Total (95% CI) 231 231 100.0%  2.12[1.46, 3.08]
Total events 70 33

Heterogeneity: Chi*= 4.56, df= 3 (P = 0.21), F= 34%

Testfor overall effect Z= 3.97 (P < 0.0001)

R
_

[

o T

0.2 05 2
Favours [Magnesium sulfate] Favours [placebo)

LES

Figure 5. Forest plot of RR. Magnesium sulfate group and placebo group on reducing the mild propofol injection

pain with 95% CI.

magnesium sulfate group

placebo group

Risk Ratio

Risk Ratio

Study or Subgrou| Events Total Events Total Weight M.H.Random, 95% Cl M-H, Random, 95% CI
Agarwal, A 2004 0 100 30 100 14.3% 0.02(0.00, 0.26)
Alipour, M.2014 a 56 9 56 14.0% 0.05(0.00,0.88)
Memis, D.2002 4 50 14 50 36.8% 0.29(0.10,0.81) —
Singh, D. K.2011 3 25 1" 25 34.8% 0.27 [0.09, 0.86) —
Total (95% C1) 231 231 100.0% 0.15 [0.04, 0.51] el
Total events 7 64
Tau®= . Chit= - - = b t + {
Heterogeneity: Tau®= 0.82; Chi*= 6.73, df= 3 (P = 0.08); F= 55% 0.001 01 H 10 1000

Testfor overall effect Z=3.01 (P =0.003) Favours [Magnesium sulfats] Favours [placebo)

Figure 6. Forest plot of RR . Magnesium sulfate group and placebo group on reducing the severe propofol injection
pain with 95% ClI.

magnesium sulfate group  placebo group Risk Ratio Risk Ratio

Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Agarwal, A.2004 3 100 36 100 24.2% 0.08[0.03,026) —  *

Alipour, M.2014 3 56 36 56 24.4% 008003025 —  ®*

Memis, D.2002 4 50 18 50 25.0% 0.22[0.08, 0.61) -_——

Singh, D. K.2011 10 25 8 25 26.4% 1.25[0.59, 2.64] I e

Total (95% CI) 231 231 100.0% 0.22 [0.05, 0.97] e —

Total events 20 98

Heterogeneity: Tau®= 2,06; Chi*= 27.50, df = 3 (P < 0.00001); F= 89% 0 ’-05 072 1 % 2:0

Testfor overall effect: Z= 2.00 (P = 0.05) Favours [Magnesium sulfate] Favours [placeba]

Figure 7. Forest plot of RR. Magnesium sulfate group and placebo group on reducing the moderate propofol injec-
tion pain with 95% ClI.

dence suggests that propofol injection in an
antecubital vein is most effective; however, this
is not always practical in clinical practice. In
addition to lidocaine pretreatment with and
without venous occlusion, as well as a mixture
of lidocaine with propofol also consistently pro-
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vide a relative risk reduction [6, 7]. They were
all failed to gain popularity.

Magnesium sulfate is called the nature physio-

logical calcium channel blocker and it probably
interferes with calcium channel and NMDA
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receptors [20, 24]. Its analgesic mechanisms
may as follows: (1) Magnesium is an antagonist
of the N-methyl-D-aspartate (NMDA) receptor
ion channel. The NMDA receptor is coupled to
an ion channel permeable to K" and Ca®.
Magnesium sulfate blocks NMDA receptor cur-
rents in a voltage-dependent manner by block-
ing the receptor channel [32]. This may partially
explainitsanalgesic activity [20]; (2) Magnesium
sulfate is a kind of calcium channel blocker,
many calcium channel blockers have antinoci-
ceptive effects and potentiate the analgesic
effects of morphine in patients with chronic
pain [20, 33]; (3) Magnesium sulfate also has a
vasodilatory effect mediated by endothelium-
derived nitric oxide, nitric oxide donors protect
vascular endothelium from ischemia and reper-
fusion-mediated endothelial dysfunction [14].
On the basis of the above mechanisms, magne-
sium sulfate may be another alternative to pro-
vide analgesia for pain caused by propofol
injection. So we conducted this meta-analysis.

A total of 545 patients were included in the
RCTs of this meta-analysis, of whom 275 were
allocated to magnesium sulfate therapy, and
270 to the placebo group (saline). This meta-
analysis aimed to evaluate the effects of mag-
nesium sulfate on propofol injection pain. To
our best knowledge, this article is the first
meta-analysis to study effects of magnesium
sulfate pretreatment on preventing propofol-
induced injection pain. Our analysis outcomes
suggest that magnesium sulfate significantly
relieve the propofol injection pain. Pretreatment
with magnesium sulfate allow more patients
experience no pain or mild pain during propofol
injection and decrease the number of patients
with severe pain induced by propofol injection.
Although two trials reported the pain on injec-
tion site of magnesium, the intensity was faint
so it may do not require treatment and subsid-
ed in a few seconds. However, the Figures 4
and 5 may appear that placebo group had more
no pain or mild pain. Indeed, in a research when
the upper limit and floor level of 95% CI of the
RR were all > 1 and the transverse line of 95%
Clis on the right of the invalid line, then we can
say that the incidence of event in experimental
group is larger than control group. If the event
which is investigated is adverse, the experi-
mental factor can accelerate the adverse
event, and this experimental factor may be
harmful. Nevertheless, if it's a good event, the
experimental factor may promote this event,
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and the experimental factor can be beneficial.
Therefore, in our research the Figures 4 and 5
indicated that pretreatment with magnesium
sulfate was beneficial factor which can allow
more patients to have no pain or mild pain.

No complications such as pain, edema, or aller-
gic reactions were observed at the injection
site within the first 24 h after the operation.

Heterogeneity is an unavoidable disadvantage
in interpreting meta-analysis results.

We adopted a random-effect model if 1> > 50%
which indicate that heterogeneity exists. As it is
reported that the site of injection, indwelling
needle, speed of injection, vein size, aqueous
phase propofol concentration, propofol temper-
ature, blood buffering, and the concomitant
use of various drugs may influence the inci-
dence and intensity of propofol injection pain,
the heterogeneity observed in our analysis of
overall incidence of propofol injection pain may
be explained by the above factors.

We also performed sensitivity analysis, which
did not change the final results either.

This review has several limitations. First, the
number of RCTs regarding the outcomes was
limited. Second, all individual studies used in
our analyses had small sample sizes. Third,
researchers were based on different study pro-
tocols (including administration time of test
drugs before propofol induction , the difference
in gauge of catheter needle, flow rate of drug
injection, assessed pain scores in different
methods) that may have lead to significant data
heterogeneity.

Due to considerable heterogeneity as well as a
limited number of RCTs regarding the out-
comes, caution should be given when interpret-
ing the results and additional well controlled,
randomized trials are still needed to confirm
our results.

In summary, our meta-analysis suggested that
pretreatment with magnesium sulfate intrave-
nously before injecting propofol can reduce the
intensity of injection pain effectively without
causing any adverse effect.
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