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The Clinical Effect of Administration of Magnesium Sulfate in Cardiac Surgery

Jung Heui Bang, M.D.*, Seong Min Moon*, Si Ho Kim, M.D.*, Kwang Jo Cho, M.D.*
Pil Jo Choi, M.D.*, Jong Su Woo, M.D.*

Background: Hypomagnesemia is a common complication after cardiac surgery with cardiopuimonary bypass. The
purpose of this study was to assess the clinical beneficial effect of administration of magnesium sulfate in cardiac
surgery. Material and Method: Thirty five patients scheduled for elective cardiac surgery were randomly assigned
to magnesium group (n=20) which received magnesium sulfate in priming solution (1 g) and cardioplegic solution
(1 g) or control group (n=15) which did not receive it. Arterial blood samples were drawn for measuring Mg* "
and electrolytes contents, blood gas analysis, CBC, total protein, atbumin, blood urea nitrogen (BUN), creatinine,
alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin, tumor necrosis factor- @ (TNF- o),
interleukin-6 (IL-6), interieukin-10 (IL-10), creatine phosphokinase (CpK), creatine kinase-MB (CK-MB), lactate dehy-
drogenase(LDH), troponin-l (TNI), prothrombin time (PT) and activated pratial thromboplastin time level (aPTT).
Venous blood samples were drawn before and after the operation for measuring activated clotting time level (ACT).
Result: Mg®™ levels in magensium group were higher than those of control group at infraoperative and post-
operative periods (p<0.05). dysrhythmias were lower in magnesium group (8 cases out of 17 patients, 46.4%)
than in control group (10 cases out of 10, 100%, p=0.050). Conclusion: These results showed that administration
of low dose magnesium sulfate during cardiac surgery prevented hypomagnesemia and lowered incidence of dysr-
hythmia.

(Korean J Thorac Cardiovasc Surg 2006;39:366-375)
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Table 1. Demographic characteristics of control and magne-
sium groups

Group
Characteristics
Control Magnesium

Sample size 15 20
Gender (male : female) 8:7 11:9
Age (year) 5711043 50.5+16.87
Height (cm) 160.4 +8.93 167.4 +8.40%
Weight (kg) 58.01+9.82 67.80+12.93"
BSA (m’ - Dubois) 1.60+0.17 1.76+0.19%
LVEF (%) 58.13+9.58 58.05+10.43
ACC time (min) 65.00+33.42 68.15137.20
CPB time (min) 127.93£79.88 137.25+95.30
OP time (min) 253.67£124.36 270.75+£122.86
Patient history (case)

Hypertension 1 3

Diabetes 0 2

Dyslipidemia 0 1

Hyperthyroidism 1 0

BSA=body surface area; LVEF=left ventricular ejection fraction;
ACC=aortic cross clamping; CPB=cardiopulmonary bypass; OP=
operation. *p=0.024; Tp=0.020, Tp=0.015.
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Table 2. Operative procedure of control and magnesium groups

Group
OP procedure
Control Magnesium
AVR 6 2
MVR 0 1
MVP 1 6
MVR +Maze 1 2
Redo MVR 0 3
Redo MVR +TVP+Maze 1 0
DVR+TVP 1 0
DVR +Maze 1 0
DVR +CABG 0 1
DVR+PDA ligation+Maze 1 0
Graft replacement of aorta 2 0
Graft replacement of total aortic arch 0 3
Graft replacement of aorta | 0
+ Pneumonectomy

Graft replacement of aorta+AVR 0 1
Pulmonary embolectomy +TVP ‘ 0 1

Total 15 20

AVR=Aortic valve replacement; MVR=Mitral valve replacement;
MVP=Mitral valvuloplasty; TVP=Tricuspid valvuloplasty; DVR=
Double valve replacement; CABG=Coronary artery bypass graft;
PDA=Patent ductus arteriosus.
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(1) O0}# R=: midazolam 10 mg, ketamine 60~70 mg,
succinylcholine 75 mg, vecuronium 10 mg, fentanyl 250~
500 pgg Folste] 713 Ml AHE-E AATSEAL, vecuronium
(4 mgfkg), fentanyl (25~50 pngfkg), sevoflurane (0.3 MAC)
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& Z+7F 100 g% B33} conjugate (alkaline phosphata-
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Fig. 1. Changes of magnesium (Mg™ ") levels in control and
magnesium groups during seven phases of the penoperatron
(*p<0.05 compared with that of Pre-OP in control group.
p<0.05; <0 01 compared with that of Pre-OP in magne-
sium group) Mg™" levels in magnesium group were higher
than those of control group at CPS 10 m, Post3 h, Post6
h, Post-12 h and Post-24 h ( p<005 "p<001; Tp<
0.001). Pre-OP=before operation; CPS-10 m= 10 minutes after
the first infusion of cardioplegic solution; ICU=immediately
after ICU arrival; Post-3 h=3 hours after ICU arrival; Post-6
h=6 hours after ICU arrival; Post-12 h=12 hours after ICU
arrival; Post-24 h=24 hours after ICU arrival.
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Fig. 2. Changes of calcium (Ca" ") levels in the two groups
during seven phases of the perioperation (*p<0.001 decrea-
sed compared with that of Pre-Op in control group. p<
0.01; p< 0.001 compared with that of Pre-Op in magnesium
group). Ca’ ™ level in magnesium group was higher than
that of control group at CPS-10 m ( p=0.046).
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Table 3. Comparison of blood coagulation test at pre- and post-operative periods between the two groups

Sampling Control group vs magnesium group

period

variable Pre-OP ICU Protamine-30 m
PT (sec.) 12.56+1.92 vs 12.24+0.94 1623+162" vs 16121557
PT (INR) 1.05+0.15 vs 1.03+0.09 13540147 vs 1.34+0.147
aPTT (sec.) 27.08+5.18 vs 26.49+3.70 41.87+16.15*% vs 38.9+14.50*
ACT (sec.) 132.13+21.46 vs 128.3+17.18

124.6+11.397 vs 1342+ 11.67

PT=Prothrombin time; INR=International normalized ratio; aPTT=Activated partial thromboplastin time; ACT=Activated clotting time.
*p=0.002; Tp=0.000 (compared with that of Pre-OP in each group); Tp=0.021 (compared with magnesium group).
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Fig. 3. Changes of TNF-« levels in control and magnesium
groups during four phases of the perioperation. There were
no significant differences between the two groups at any sam-
pling times (p>0.05). TNF- @=tumor necrosis factor- o; CPB-
10 m=10 minutes after the beginning of cardiopulmonary by-
pass, CPB-off=immediately after the termination of cardiopul-
monary bypass.
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Fig. 4. Changes of IL-6 levels in the control and magnesium
groups during four phases of the perioperation (*p=0.000
compared with that of Pre-OP in control group. 'p=0.000
compared with that of Pre-OP in magnesium group). There
were no significant differences between the two groups at
any sampling times (p>0.05). IL-6=interleukin-6.
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Table 4. Comparison of post-operative dysrhythmias between
the two groups

Table 5. Comparison of post-operative blood loss, usage and
post-operative outcomes between the two groups

Group Group
Dysrhythmia Variable
Control Magnesium Control Magnesium
PVC 2 1 Blood loss (ml)
Ist degree AV block 0 1 Post OP 24 hr 690.67+561.57  580.501384.91
Sinus bradycardia 0 2 Total 1,156.33£1,140.30 849+550.92
Sinus tachycardia 5 2 Blood usage
Af 3 2 W/B (ml) 0 0
P/C (nl) 546.67 =557.89 490+451.78
Total (%) 10 (100%)* 8 (464%) FFP (ml) 333.33+32660  270+338.88
PVC=Premature ventricular contraction; AV=Atrioventricular; PLT . (m.I) . 0 ) 1215367
Af=Atrial fibrillation. *p=0.050 (compared with magnesium Ventilation time (hr) 24.83116.86 2396+ 17v’74
group). ICU stay time (hr) 119.22+116.96  80.93=75.55*
Hospitalization (day) 21.67+£15.02 21.30x12.30

3). ok F 7+ HlR|A EASA o7 z}ol= 9lglct.
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4wl ES, FE T 264AT 28F, A A8

2k
& o 2 2ol BAH Aolrt g oik(Table 5) F &
geke gl HaFuD Hgich

W/B=Whole blood; P/C=Packed red blood cell; FFP=Fresh
frozen plasma; PLT= Platelet cell; ICU=Intensive care unit.
*p=0.050 (compared with control grcup).
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Effect of Magnesium Sulfate

ASA cytokine®] 73 % T 7k SAIHH foldE ol
ot TNF-¢9 3¢ tzde Z¢ ¢ A=z 34
AEHQ A4 AUE $A wbd wpdl4e] A5 4
g T CPB-10 m W £93] Asl= st of
7Vl e Hitk INF-ov 459H39] 271l
A EH FE cytokineo 24 A al Aoz FA3 Wt

AR = ARae 27] DANA o] FAo] gol Fu]s
HorE ¥ A H e g wd & °“:‘r aelx
$E Adetolslx 5 /‘](CPB off) H] 2 E4|

= e =iy A & F7HE Y
klasl U}lﬂh’? o As *7}3*—0] °4?<H ToE =
3k oFARS- R t) IL-6= AZullox] Q3 g8
A dFA cytokineo| 28 FE FE A
3 gAY ol FE AAse wle T8

T vk whEbA] wladlgaell A R
TE 27|19 TNF-¢ 59 Aslel ¢ £38 A vehd
IL-6 5% 5719 —Iirsz} AT 71€9] oy A4AEe] B
3.3k u}lﬂ]%ﬁq gz vle] Ayel 3 4 1;}

g whadlge g o ol vigt v E YA 7
BER FE F U}:Lbﬂ-’e? Folofl wtE T F SETA
7HeA gt AZlE ¢ Uvk e F 4AL gt 9
HANA] Aol gk L i 2 =

EIJ

t
of\
N
N
o

4o e i‘}ii Z 29%e opigTol o Ut
Hopo] vhnvlgrFol FH AW ol
Aol A GeE el AURY Aoz 4

% 4%4) cytokines?] FHEG A4

A SE ¥ F9Y Fo% 290 B + U7 Folth

2 AW EE in vicodd] ATolH whadlEe] Wi
B 27 AR Ge] Rusigo, Peason F12E A2
% & ohadled 8% ¥5 44k 54 ¥ AR A2
Fb nitic oxide WEE oIAlhe] W S} AR
Z7h 99 $% 37, B4 BAZ 59 FALE of
AL, S F hadled Bgel 4719 BAHE
FY 4 Yg ¥R ot AAAFE 45AD 219
o AREY B FE F Yae BEAEA 02T

73
oA &6 wekLol % protamine Fo 9] ACT Axls}
| FT-S ZIER ol vldl Frhskga, RT3
B Zraste] A o E nladigoe] d4aw 48 oA

A7 E 5 gtk
DATE A rhdlE Aol whE A7 Qe =
THE Qsatel B WA A7) *Eﬂ QoY Aoz

- 373 —



WE=3°IN
2006;39:366-375

Holm, 3 ofE] ATATo| Lo} Ase Bxht
9 BAE oo 3 s A&l ojeizha Hat
2 Bl wH13) Yo okt AYZ3} 53 Ay
A% ooz @ A7t Aoy Aol

2 =

2
ofo
ot
(oA
o
=
&
=
iy
1
2
lo
=
o
fot
B
2

1. Kim ES, Choi JH, Choi JY. Effect of magnesium on serum
Dpotassium concentration and arrhythmia in hyperkalemia.
Korean J Anesthesiol 1991;24:569-74.

2. Choi JH, Lee JM, Ryu KH, et al. Clinical evaluation of se-
rum magnesium concentration and it’s related effects after
prophylactic MgSO, administration during orthotopic liver
transplantation. Korean ] Anesthesiol 2000;38:94-8.

3. Kang CH, Huh JH, Kim KB, et al. Effect of serum mag-
nesium concentration on postoperative arrhythmias after
open heart surgery. Korean ] Thorac Cardiovasc Surg 2000;
33:51-9.

4. Hazelrigg SR, Boley TM, Cetindag IB, et al. The efficacy of
supplemental magnesium in reducing atrial fibrillation after

10.

11.

12.

13,

— 374 —

coronary artery bypass grafting. Ann Thorac Surg 2004;77:
824-30.

. Storm W, Zimmerman J. Magnasium deticiency and cardio-

genic shock after cardopulmonary bypass. Amn Thorac Surg
1997,64:572-7.

. Caspi I, Rudis E, Bar I, Safadi T, Saute M. Effects of ma-

gnesium on myocardial function afier coronary artery bypass
grafting. Ann Thorac Surg 1995;59:942-7.

. Wallace C. Magnesium. Emergen Med 2003;15:92-6.
. Gums JG. Magnesium in cardiovascular and other disorders.

Am ] Health-Syst Pharm 2004;61:1569-76.

. Faulk EA, McCully JD, Hadlow NC, et al. Magnesium car-

dioplegia enhances mRNA levels and the maximal velocity of
cytochrome oxidase I in the semescent myocardium during
global ischemia. Circulation 1995;92:405-12.

Ji B, Feng Z, Liu J, Long C. Myocardial protection related
to magnesium content of cold blood hyperkalemic cardio-
plegic solutions in CABG. JECT 2002;34:107-10.

Toraman F, Karabult EH, Alhan HC, Dagdelen S, Tarcan S.
Magnesium infusion dramatically decrease incidence of atrial
fibrillation after coronary artery bypass graftibing. Ann Tho-
rac Surg 2001;72:1256-62.

Pearson PJ, Evora PR, Seccombe JF, Schaff HV. Hypomag-
nesemia inhibits nitric oxide release from coronary endothe-
lium: protective role of magnesium infusion after cardiac
operations. Ann Thorac Surg 1998;65:967-72.

Choi JH, Lee CW. The effect of magnesium pretreatment on
serum potassium concentration and hemodynamic state in
rabbits during continuous regular insulin infusion. Korean J
Anesthesiol 1998;35:839-45.



2Hy5 Q|

Effect of Magnesium Sulfate

-2 X=-

=

HiB: Aullutolliag o] &3 Algrsgol wE I vfavls Z2H I8 £3] Plsls TR o
Ao FAL2 ARTEA AR b Faviadlw ¢ d4 EARE Al Aok Y
X BE: Aol ag o] &ste] AATES AWV R lFHE FAE 35S FAYE tuladls
FAZ@=15)% FoA3A] gL F@=20022 E7F3 F vtadlg2 A7l FRA R FAdvlavg 1 g7
ARA A GATTUE 1 g& 27 Arbelgleh. 22 Erlo2se] QUe Astd Mg'T B, AolA
FTE, Tug 7lAEY, oty B4, ¥4 E o 5X9) albumin 5%, blood urea nitrogen (BUN),
creatinine, alanine amino transferase (ALT), aspartate aminotransferase (AST), total bilirubin %X, tumor nefosis
factor- @ (TNF- @), interleukin-6 (IL-6), interleukin-10 (IL-10), creatine phosphokinase (CpK), creatine kinase-MB
-(CK-MB), lactate dehydrogenase (LDH), troponin-I (TNI) ‘5%, prothrombin time (PT)¥} activated partial throm-
boplastin time (aPTT) S % ZAslgdch w3 % Az} T Al PABE A2 slo] activated clotting time
(ACTy& ZAelsleh Bik Mg™" 5= -’F% £°P g X A7ol] vivlgTe] R Y fo8A =
Al FA= A eHp<0.05). 7& A FAMe] gldw qAEMN=2T=109, vt2dlFT=17T%) F 5% ¥ &3
A e zTe] 108 (100%) vhvlEo] 87 (46.4%) 2 w1l o] HzT-H} FosA A9
p=0.050). BZ: AAFE A ALF FAvladlge] Fode € $9 € 3 Avkadls €39 4
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