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ABSTRACT

Background: During liposuction procedures, injection of wetting solution containing epinephrine is performed. This may
increase the risk of cardiovascular side effects in large volume cases. Magnesium sulfate has cardioprotective
effects, and can prevent complications related to epinephrine.

The aim of the work: To assess the effect of adding intravenous magnesium sulfate, during the administration of
epinephrine containing wetting solution, on the incidence of epinephrine-mediated cardiovascular side effects
during liposuction surgery.

Patients and Methods: This was a prospective randomized study comprised a total of 94 cases into two equal groups. The
epinephrine group included 47 cases that had epinephrine in their wetting solution, and epinephrine-Mg group
included the remaining cases that had adrenaline in the wetting solution along with intra venous. administration of
MgSO.. Heart rate, blood pressure, arrhythmia incidence, isoflurane, and morphine consumption were recorded.

Results: No significant difference was noticed as regard basal and induction heart rate and mean arterial pressure [MAP].
However, the epinephrine-Mg group showed significantly lower readings on subsequent assessment. There was
no significant difference among both groups regarding the incidence of arrhythmia; the epinephrine group had
more cases with arrhythmia. Isoflurane consumption decreased significantly in the epinephrine-Mg group in
comparison with the epinephrine group, while morphine consumption did not significantly differ between them.

Conclusion: Based on our findings, intravenous administration of magnesium sulfate decreases heart rate, blood pressure,
and inhalational anesthesia consumption during liposuction. However, it has no significant impact neither on the
incidence of arrhythmia, nor morphine consumption.

Keywords: Epinephrine; Magnesium Sulfate; Liposuction; Arrhythmia; Norepinephrine.
This is an open-access article registered under the Creative Commons, ShareAlike 4.0 International license [CC BY-SA 4.0]
[https://creativecommons.org/licenses/by-sa/4.0/legalcode.
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INTRODUCTION

Liposuction is a common surgical procedures
conducted by plastic surgeons. With surgical
evolution, several modifications have been done to
the original dry liposuction procedure, making surgery
easier along with achieving better cosmetic results [11.

The advent of wetting solution which is injected
into the subcutaneous tissue layer, helped to
decrease bleeding reported in the early technique [21.

Furthermore, the liposuction procedures have
become safer with the progress of wetting
approaches; from the ‘wet technique,” to the
tumescent and super wet techniques 1241,

In routine practice, epinephrine 1:1000 [1mg/ml] is
usually added to the wetting solution because of its
vasoconstrictive effect. This leads to decreased
bloody content in the aspirate, and prolonged duration
of local anesthetic action Bl Also, epinephrine
mediated vasoconstriction prevents more absorption
of that drug leading to a decrease in adrenergic side
effects 6. However, to improve surgical outcomes, the
volume of wetting solution has been increased, and it
was reported to reach up to 5 - 10 mg in large volume
cases Ul This may lead to increased incidence of
epinephrine-induced side effects. Different studies
have attributed mortality during liposuction surgeries
to cardiac arrhythmias, myocardial infarction [Ml], fatal
asystole, pulmonary overload, and pulmonary edema
[PE] [8.9],

Although the clear cause of these complications is
not well defined, epinephrine toxicity —was
demonstrated to have an essential role. The difficulty
behind that may be due to short half-life of
epinephrine, postmortem metabolism, and inability to
differentiate between exogenous and endogenous
epinephrine 1101,

Magnesium is known to be beneficial for the
cardiovascular health because of its ability to maintain
membrane potential, magnesium also, blocks the
release of catecholamines from both adrenergic nerve
terminals and the adrenal gland, and moreover
intravensous [IV] magnesium sulfate suppresses
catecholamines discharge accompanied by tracheal
intubation. Lastly, magnesium deficiency has been
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concerned in several cardiovascular pathologies
including cardiomyopathy, hypertension, dyslipidemia,
and atherosclerosis [''l. However, more studies need
to be conducted to further explain the role of
magnesium sulfate [MgSQ4] as a therapeutic agent to
prevent or reverse certain of the above-mentioned
cardiovascular situations ['1],

AIM OF THE WORK

The hypothesis of the this study was
administration of intravenous MgSOs4, during the
infusion of the epinephrine containing wetting solution,
would ameliorate the incidence of adrenaline
mediated cardiovascular side effects during
liposuction surgery. The primary outcome of the
current study was the incidence intraoperative
hemodynamic changes. Secondary outcomes were:
inhalational anesthetics consumption in addition to
postoperative analgesic effects.

PATIENTS AND METHODS

This was a prospective randomized controlled
study conducted at Mansoura University Hospitals
within the period from September 2019 to January
2021. We included a total of 94 cases prepared for
liposuction. An informed written consent was obtained
from all cases after complete explanation of the
advantages and drawbacks of the injection technique.
Also, the study was approved by the local ethical
committee of Mansoura University by number
R.20.09.1018.

Inclusion criteria: cases between 20 and 60
years, from either gender.

Exclusion criteria: cases whose age beyond the
previous limit, ASA > 2, allergy to MgSO4, heart
block, hypertension, diabetes mellitus, cardiovascular,
renal diseases, endocrine e.g. pheochromocytoma,
thyrotoxicosis, and metabolic diseases.

The cases were divided into two groups:

o The epinephrine group: included 47 cases that
had epinephrine only in their wetting solution

¢ Epinephrine-Mg group: included the other 47
cases that had adrenaline in the wetting solution
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along with iv. administration of magnesium
sulfate. Received 1 gm of MgSOys intravenously
in 100 ml of isotonic saline over 10 min
immediately as the same wetting solution was
injected.

All cases are subjected to

e Preoperative preparation: 4 hours fasting,
intravenous cannula insertion, ECG monitoring,
blood pressure measurement, temperature and
pulse oximetry usage. Pre-oxygenation with
100% oxygen had been carried for 2-3 minutes

e General anesthesia via propofol [0.5-2 mg/kg],
fentanyl [1-2 pg/kg]. Tracheal intubation
following a dosage of atracurium [0.05 mg/kg]
and Volume-controlled ventilation was applied
with FiO2 of 50% of 0.6-1.0 liter flow [low flow
0.6 to one LO2 50% + AIR50% +lsoflurane].

o After anesthesia and skin sterilization and
injection of the wetting fluid was done. In the
epinephrine group, 1 ml 1/1000 epinephrine was
added to every 1000 ml of normal saline with
total amount of 4 liters for case with average
[0.04 mg/kg] epinephrine. In the epinephrine-Mg,
1 gm of MgSO4 was intravenously administered
in 100 ml of isotonic saline over 10 min
immediately as the same wetting solution was
injected.

During surgery, systolic blood pressure was
maintained at baseline [80-90 mmHg in normal
patients]. Increase systolic blood pressure 20 %
above normal was managed via firstly increasing
depth of anaesthesia by increasing the dose of
volatile anesthetics by 10% MAC. After 5 min if not
controlled we increase the dose of volatile anesthetics
by another 10% MAC. If heart rate was still, above 80
beat/min a 1mg propranolol was used, a second dose
may be given after 2 min if heart rate not yet
controlled. mean arterial blood pressure fallen below
50 mmHg, first we intervene through reduction depth
of anaesthesia MAC by 10% .after 5 min if not getting
desired response 5 mg of ephedrine was
administered as incremental intra venous boluses to
max 20 mg. in case of bradycardia [H R < 50/ min] | V
bolus of 0.5 mg atropine was given.
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Restricted fluid therapy was adopted by;
maintenance fluids [approximately 500ml normal
saline .9%)] administered throughout the operation,
and additional intra-operative replacement fluids were
corrected. with only 250mL crystalloid fluid was
prescribed postoperatively in the recovery room. All
patients resumed oral intake after about 4 hours stay
in the recovery room under monitored anesthesia care
and then were transferred to the ward. The patients
had approximately 1250mL of crystalloid fluid with
antibiotic on the floor for 24 hours ["!l. Reversal of
muscle relaxation with 0.04 mg/kg neostigmine and
0.02 mg/ kg atropine. Regaining consciousness,
spontaneous breathing, and response to verbal
command were extubation criteria.

e Continuous monitoring of MAP and heart rate,
ECG, isoflurane consumption was measured
using the next calculation [12I;

Fluid volatile agent = mean FGF [mlmin] - mean
agent conc. [Vol%]) Anaesth. duration [min] |/
Saturaded gas volume [ml] - 100 [Vol %] = ml

e Acetaminophen 15 mg/kg was infused at the
termination of surgery and repeated every six
hours in the first postoperative day. The post-
operative pain was reported using VAS
immediately, 1, 4, 8, 12, and 24 h post-
operatively. In cases which had VAS 24, 0.04
mg/kg i.v. morphine was given '3l The total
morphine consumption during the first post-
operative day was recorded.

Statistical Analysis: Sample size was measured
using the Power Analysis and Sample Size software
[PASS] version 15.0.5 for windows [2017] using data
obtained from a pilot study carried out on 12 cases in
each limb of study groups [l at Mansoura university
hospital with heart rate at 15 min after subcutaneous
injection of Saline-Epinephrine  solution  during
liposuction as the primary outcome. Cases were
allocated into two groups: The Mg Group and control
Group. Heart rate at 15 min was 100.33 + 4.31 for the
Mg group and 104.67 + 6.37 for the control group. A
sample size of 42 cases in each group is needed to
achieve a 95% power [1-8 or the probability of
rejecting the null hypothesis when it is false] in the
suggested study using two-sided two-sample
unequal-variance t-test with a significance level [a or
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the probability of rejecting the null hypothesis when it
is true] of 5%. 10% drop-out is expected, so 47 cases
will be included to each group.

RESULTS

Of the 101 patients evaluated for eligibility, 94
were assigned to one of the two groups. The
remaining 7 were excluded [7 met exclusion criteria]
[Figure 1]. With regard to demographic data, the
mean age of the included cases was 35.32 and
37.19 years in groups, respectively. BMI values were
4337 and 41.71 kg/m? in the study groups,
respectively [p = 0.064]. ASA | score was present in
25.5 and 38.3% of cases in the study groups,
respectively, whereas the remaining cases had ASA I
score [p = 0.184] [Table 1].

Regarding HR, there was no significant difference
among the two groups in terms of basal and induction
heart rates [p = 0.239 and 0.332, respectively].
However, starting from wetting until 120 min during
operation, the epinephrine-Mg group showed
significantly lower heart rates compared to the

epinephrine group [p < 0.05] [As shown in figure 2].
Similarly, mean arterial blood pressure showed the
pattern expressed in the heart rate. There was no
significant difference between the two study groups as
regard both basal and induction readings [p = 0.778
and 0.295, respectively]. On subsequent readings, the
epinephrine-Mg group showed significantly lower
mean pressures in comparison with the epinephrine
group [p < 0.05] [As shown in figure 3].

Although there was no significant difference
among both study groups regarding the incidence of
arrhythmia [p = 0.077], the epinephrine group had
more cases Wwith sinus tachycardia and premature
ventricular contractions compared to the other group
[Table 2]. Isoflurane consumption decreased
significantly in the epinephrine-Mg group compare to
the epinephrine group [83.83 vs. 97.87 ml,
respectively, p = 0.002]. Although morphine
consumption was less in the epinephrine-Mg group in
comparison with the other group, there was no
significant difference among the two groups [Table 3].

As d for eligibility
Enrollment ,:nsfsfgl} SRS
Excluded (n=7)
ASA>2(n=12)
HTN (a=75)
Randomized (n = 94)
Allocation Allocated to Allocated to
Epinephrine group (n = Epinephrine-MG group
47 (n=47)
Follow up Lost to follow up (n=10) Lost to follow up (n=0)

Analysis Analyzed (n=47)

Analyzed (n =47)

Figure [1]: Consort chart follow up
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Table [1]: Demographic data in the groups being studied.

Variables Epinephrine group Epinephrine-Mg group P value
| Age [years] 35.32 £ 8.346 37.19£9.925 0.325
Gender Male 38.3% [18] 23.4% [11] 0.118
Female 61.7% [29] 76.6% [36]
BMI [kg/m?] 43.37 £ 4.452 41.71 £4.159 0.064
ASA | 25.5% [12] 38.3% [18] 0.184
[ 74.5% [35] 61.7% [29]
Group
105 I Epinephrine group
I Epinephrine-MG group
100 -
E /
< 98 +
= 41
E s
e 90 [t
Z A B
= 85 - S e B
80 T
e K 5 3 1 k. = I8
75 — —
& g §i (7 3 o 3 > b= S =
g = = : = - =
§ « & 8 B E E B B E
2 2 2 2 2 2 =3 Ty
% 2
Figure [2]: Basal and intra-operative heart rates the study groups.
Group
120 ¥ Epinephrine group
M Epinephrine-MG group
110
)
EIOO
§9O
8
=
80
70
60
e £ § - 5 5 8 3 = 5§
5 £ B B B B B B B = =
= & § Z B Z E E B B
B2 2 2 o % 2 2 & =

Figure [3]: Basal and intra-operative MAP in the study groups.
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Table [2]: Incidence and types of cardiac arrhythmia in the study groups.

Arrhythmia Epinephrine group Epinephrine-Mg group P value
None 55.3% [26] 70.2% [33] 0.077
Sinus tachycardia 36.2% [17] 29.8% [14]
PVCs 8.5% [4] 0.0% [0]
Table [3]: Intra-operative isoflurane consumption and post-operative morphine consumption in the study groups.
Variable Epinephrine group Epinephrine-Mg group P value
Isoflurane consumption [ml] 97.87 +23.400 83.83 +19.732 0.002
Morphine consumption [mg] 2.09+1.120 1.77 £ 0.960 0.141

DISCUSSION

In our study, there was no significant difference
among both groups as regard basal and induction
heart rates [p = 0.239 and 0.332, respectively].
However, starting from wetting until 120 min during
operation, the epinephrine-Mg group had significantly
lower heart rates compared to the epinephrine group
[p < 0.05]. In concurrence with our results Stanbury
stated that MgSOs prolongs recovery time of sinus
node by indirect and direct inhibition on the sinoatrial
node. While magnesium slows HR at rest by blockade
of the sensitized membrane of the sympathetic
ganglia. Also, Magnesium has a negative chronotropic
effect after administration of atropine ['3l. In another
study by Jee et al. evaluating the effect of IV
MgSO4 on catecholamine release related to tracheal
intubation. Comparison between; IV MgSO4 60 mg/kg,
versus IV 0.09% sodium chloride over 1 min before
intubation. They recorded plasma concentration of
magnesium and catecholamine immediately before,
during and immediately, and also 2 and 5 min after
intubation. They demonstrated intubation induced no
significant changes in HR while it caused a decrease
in SBP and DBP, arterial blood pressure [13],

Conversely, other studies reported tachycardia
with its administration ['6]. The discrepancy between
the results from different studies could be explained
by a dose-dependent effect of magnesium on heart
rate. In low doses, hypotension induced by
magnesium sulfate could lead to reflex tachycardia.
However, in large doses, inhibition of the Sino atrial
node could explain bradycardia. Magnesium causes
inhibition of the SA node via direct and indirect
mechanisms; the direct mechanism is by decreasing
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the rate of SA node depolarization, and the indirect
mechanism is via blockade of the cervical sympathetic
ganglia [9],

In the present study, there was no significant
difference among both study groups as regard both
basal and induction mean arterial blood pressure
readings [p = 0.778 and 0.295, respectively]. On
subsequent readings, the epinephrine-Mg group
showed significantly lower mean pressures compared
to the epinephrine group [p < 0.05]. In a similar
randomized controlled trial, Puri and Batra evaluated
the effect of IV MgSO450 mg/kg on hemodynamics
changes after tracheal intubation in patients with
coronary artery disease scheduled for coronary artery
bypass graft. They found that, MgSOjs effectively
prevented the rise in arterial blood pressure
associated with endotracheal intubation [71,

Ryu et al. [l has revealed that magnesium
administration was accompanied by a significant
decrease in blood pressure during anesthesia.

Over accumulation of calcium could lead to
hypertension, vasospasm, and potentiation of vaso-
constrictive drug action ["1]. Also calcium has a major
role in the release of catecholamines from the adrenal
medulla and adrenergic nerve terminals in response
to the stimulation by sympathetic nervous system.
Magnesium competes with calcium for binding to the
membrane channels. Hence, magnesium acts as a
calcium antagonist and can modify the responses that
mediated by calcium. Hence, MgSQs blocks release
of catecholamine stores and decrease responses to
adrenergic stimulations ['"l. The previous facts could
explain our findings regarding the effect of MgSO4 on
blood pressure.
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In our study, the epinephrine group had more
cases with sinus tachycardia and premature
ventricular contractions compared to the other group.
The role of magnesium supplementation in the
prevention of arrhythmia is proved, especially in
patients with congestive heart failure. It mediates its
action via its influence on other ions across the cell
membrane, as mentioned previously [,

Based on Naghipour et al. study, prophylactic Mg
decreased all type of arrhythmias such as AF, VF, VT,
and junctional rhythm in cardiac patients undergoing
coronary artery bypass surgery ['6l. By harmony with
their results, Tiryakioglu et al. study showed the
effectiveness of prophylactic use of MgSQO; at
preventing arrhythmia that may follow coronary
bypass operations !'8. In addition, Toraman et al.
concluded that the effectiveness in the preoperative
and early postoperative periods of magnesium sulfate
in reducing the incidence of AF after CABG ['9. In
contrary, Cook et al. 120 conducted a meta-analysis to
identify the effect of Mg to prevent postoperative
AF. They found that prophylactic Mg did not have a
beneficial effect to prevent postoperative AF after
cardiac surgery, but their results attributed to take AF
as a secondary end point.

All of the previous studies support our findings
regarding the reduced incidence of arrhythmias in the
epinephrine-Mg group despite its insignificance. This
can be clarified by the dose of MgSOs infused in our
study; 1 gm MgSOs led to a significant reduction in
mean blood pressure, and heart rate but not
significantly effective to decrease incidence of
arrhythmia.

In the present study, isoflurane consumption
decreased significantly in the epinephrine-Mg group
compared to epinephrine group [83.83 vs. 97.87 ml,
respectively — p = 0.002]. Magnesium has been
reported to enhance the action of local anesthesia,
and to produce general anesthesia. Additionally, it has
sedative effects 2221, Magnesium contributes to the
anesthetic action by multiple mechanisms such as N
methyl D aspartate [NMDA] antagonism, blocking
sympathetic overstimulation, and decreasing surgical
stress response 221, Olgun et al. (23 has reported that
MgSOs administration was associated with a
significant decrease in inhalational anesthesia
requirements [p = 0.005]. Desflurane had mean
values of 46.7 and 59.9 ml in magnesium and saline

1396

groups, correspondingly.

Not only with inhalational anesthetics, the
administration of magnesium was associated with a
marked decrease in the needs of total intravenous
anesthesia, including propofol, remifentanil, and
vecuronium (7. On the contrary, another study
reported no significant impact of MgSOs on
inhalational anesthetic consumption [p > 0.03].
However, it led to a significant reduction in the muscle
relaxant dose (241,

When it comes to morphine consumption in our
study, although it decreased in the epinephrine-Mg
group in comparison with the other group [1.77 vs.
2.09, respectively], there was no significant change
among both groups. The decreased morphine
consumption in the epinephrine-Mg group is attributed
to its NMDA antagonistic action together with its
antinociceptive effects [2%. Olgun and colleagues
reported that morphine consumption was decreased
in the group received MgSQ4 [25.9 vs. 33.2 mg in the
other group]. Nevertheless, that difference was
statistically significant [p = 0.048] (23],

Our study has a point of strength, and that is
because it discussed a new therapeutic option to
decrease epinephrine mediated cardiovascular side
effects during a common plastic procedure. On the
other hand, being a single center study is still a
limitation. Trial different methods of administration
with different dosage regimen also needed. Therefore,
more studies including more cases from different
centers should be conducted sooner.

Conclusion: Based on our findings, intravenous
administration of 1 gm of MgSO4 decreases heart
rate, blood pressure, and inhalational anesthesia
consumption during liposuction. However, it has no
significant impact neither on the incidence of
arrhythmia, nor morphine consumption. Despite that,
the latter two variables need more studies to be more
clarified. It is recommended to administer i.v. MgSO4
during liposuction, especially in large volume cases
that will have more adrenaline dose in the wetting
solution.

Financial and Non-financial Relationships and
Activities of Interest

None



Sonbol AM, Ghareeb S.

IJMA 2021; 3[2] April-June: 1390-1397

10.

REFERENCES

Massignan F. Safety Evaluation of Vaser® in Body
Contouring Improvement Liposuction. Surgery Curr Res.
2018; 8 [308]:1-8. [DOI:10.4172/2161-1076.1000308].

Chia CT, Neinstein RM, Theodorou SJ. Evidence-Based
Medicine: Liposuction. Plast Reconstr Surg. 2017; 139 [1]:
267e-274e. [DOI:10.1097/PRS.0000000000002859].

Venkataram J. Tumescent liposuction: a review. J Cutan
Aesthet Surg. 2008;1 [2]:49-57. [DOI:10.4103/0974-2077.
44159).

Halk AB, Habbema L, Genders RE, Hanke CW. Safety
Studies in the Field of Liposuction: A Systematic Review.
Dermatol Surg. 2019; 45 [2]:171-182. [DOI:10.1097/DSS.
0000000000001707].

Berry MG, Davies D. Liposuction: a review of principles and
techniques. J Plast Reconstr Aesthet Surg. 2011;64[8]:985-
992. [DOI:10.1016/).bjps.2010.11.018].

Dhami LD. Liposuction. Indian J Plast Surg. 2008; 41
[Suppl]: S27-S40. [DOI:10.1016/S0926-9959[98]94695-5].

Guzman-Stein G, Vasconez L. Lidocaine and epinephrine
levels in tumescent technique liposuction. Plast Reconstr
Surg. 1996; 97 [7]: 1379-1384. [DOI:10.1097/00006534-
199606000- 00009].

Platt MS, Kohler LJ, Ruiz R, Cohle SD, Ravichandran P.
Deaths associated with liposuction: case reports and review
of the literature. J Forensic Sci. 2002;47 [1]: 205-207.
[DOI:10.1520/jfs15226).

Sood J, Jayaraman L, Sethi N. Liposuction: Anaesthesia
challenges. Indian J Anaesth. 2011;55 [3]: 220-227. [DOI:10.
4103/ 0019-5049.82652).

Brown SA, Lipschitz AH, Kenkel JM, Sorokin E, Shepherd G,
Grebe S, et al. Pharmacokinetics and safety of epinephrine
use in liposuction. Plast Reconstr Surg. 2004;114[3]:756-
763. [DOI:10.1097/01.prs.0000131021.17800.b].

11.DiNicolantonio JJ, Liu J, O'Keefe JH. Magnesium for the

12.

13.

14.

15.

prevention and treatment of cardiovascular disease. Open
Heart. 2018;5 [2]: e000775. [DOI: 10.1136/openhrt-2018-
000775).

Biro, P. Calculation of volatile anaesthetics consumption from
agent concentration & fresh gas flow. Acta anaesthesiologica
Scandinavica. 2014; 58 [8]: 968-972 [DOI: 10.1111/aas.
12374].

Aubrun F, Mazoit JX, Riou B. Postoperative intravenous
morphine titration. Br J Anaesth. 2012 Feb;108(2):193-201.
[DOI: 10.1093/bja/aerd58].

Moore CG, Carter RE, Nietert PJ, Stewart PW.
Recommendations for planning pilot studies in clinical and
translational research. Clin Transl Sci. 2011 Oct;4(5):332-7.
[DOI: 10.1111/j.1752-8062.2011.00347 .x].

Jee D, Lee D, Yun S, Lee C. Magnesium sulfate attenuates
arterial pressure increase during laparoscopic cholecyst-
ectomy. Br J Anaesth. 2009;103 [4]: 484-489. [DOI:10.1093/
bja/aep196].

1397

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Naghipour B, Faridaalaee G, Shadvar K, Bilehjani E, Khabaz
AH, Fakhari S. Effect of prophylaxis of magnesium sulfate for
reduction of postcardiac surgery arrhythmia: Randomized
clinical trial. Ann Card Anaesth. 2016;19 [4]: e662-e667.
[DOI: 10.4103/0971-9784.191577].

Ryu JH, Kang MH, Park KS, Do SH. Effects of magnesium
sulfate on intraoperative anaesthetic requirements and
postoperative analgesia in gynaecology patients receiving
total intravenous anaesthesia. Br J Anaesth. 2008; 100 [3]:
397-403. [DOI:10.1093/bja/aem407].

Tiryakioglu O, Demirtas S, Ari H, Tiryakioglu SK, Huysal K,
Selimoglu O, Ozyazicioglu A. Magnesium sulphate and
amiodarone prophylaxis for prevention of postoperative
arrhythmia in coronary by-pass operations. J Cardiothorac
Surg. 2009 Feb 20;4:8. [DOI: 10.1186/1749-8090-4-8].

Toraman F, Karabulut EH, Alhan HC, Dagdelen S, Tarcan S.
Magnesium infusion dramatically decreases the incidence of
atrial fibrillation after coronary artery bypass grafting. Ann
Thorac Surg. 2001 Oct;72(4):1256-61; discussion 1261-2.
[DOI: 10.1016/s0003-4975(01)02898-3].

Cook RC, Yamashita MH, Kearns M, Ramanathan K, Gin K,
Humphries KH. Prophylactic magnesium does not prevent
atrial fibrillation after cardiac surgery: a meta-analysis. Ann
Thorac  Surg. 2013 Feb;95(2):533-41. [DOI:
10.1016/j.athoracsur.2012.09.008]

Telci L, Esen F, Akcora D, Erden T, Canbolat AT, Akpir K.
Evaluation of effects of magnesium sulfate in reducing
intraoperative anaesthetic requirements. Br J Anaesth. 2002;
89 [4]: 594-598. [DOI:10.1093/bja/aef238].

Ray M, Bhattacharjee DP, Hajra B, Pal R, Chatterjee N.
Effect of clonidine and magnesium sulfate on anaesthetic
consumption, haemodynamics and postoperative recovery: A
comparative study. Indian J Anaesth. 2010;54[2]:137-141.
[DOI:10.4103/0019-5049.63659].

Olgun B, Oguz G, Kaya M, Savli S, Eskicirak HE, Guney |, et
al. The effects of magnesium sulfate on desflurane
requirement, early recovery and postoperative analgesia in
laparascopic cholecystectomy. Magnes Res. 2012; 25 [2]:
72-78. [DOI:10.1684/mrh.2012.0315].

Oguzhan N, Gunday I, Turan A. Effect of magnesium sulfate
infusion on sevoflurane consumption, hemodynamics, and
perioperative opioid consumption in lumbar disc surgery. J
Opioid Manag. 2008; 4 [2]: 105-110. [DOI:10.5055/jom.2008.
0015].

Manaa EM, Alhabib AF. Effect of magnesium sulfate on the
total anesthetic and analgesic requirements in neurosurgery.
J Neurol Neurophysiol. 2013:1-6. [DOI:10.4172/2155-9562.
$11-001].





https://ijma.journals.ekb.eg/

