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Antiinflammatory and Myocardial Protective Effects of Magnesium in Patlents Undergoing Valvular
Heart Surgery. Seong-Min Moon, Shin-Beum Kang', Kyung-Yae Hyun’ and Seok-Cheol Choi*.
Laboratory of Cardiopulmonary Bypass, Department of Thoraczc and Cardiovascular Surgery, Dong-A University
Medicine, Dong-A University, Busan 602-715, Korea, "Department of Ocean Physical Education College of
Ocean Science 8 Technology, *Department of Biomedical Laboratory of Science, Inje University, Gimhae
621-749, Korea Department of Clinical Laboratory Science, College of Health Sciences, Catholic University of
Pusan, Busan 609-757, Korea. - We have investigated whether the supplement of magnesium to cold
blood cardioplegia improves myocardial protection. Sixty patients scheduled for elective valvular heart
surgery were randomly assigned to a control group (n=30) which received conventional cold blood
cardioplegia and an Mg group (n=30) which received cold blood cardioplegia supplemented with 2
g of magnesium sulfate. Electrolytes levels including Mg"", hematological and biochemical variables,
cytokines, myocardial marker levels, and postoperatlve outcomes were compared between two groups
before, during or after operation. Mg"" and Ca"" levels in the Mg group were higher than those of
the control group after surgery. The total WBC counts, CK-MB, troponin-I and Interleukin-6 levels in
the Mg group were lower than those of the control group after surgery. Postoperative incidence of
atrial ﬁbrlllatlon was lower in the Mg group compared with the control group. These results showed
that Mg"" attenuated inflammatory reaction, myocardial damage, and hypomagnesemia during valvu-
lar surgery and reduced postoperative arrhythmia incidence without side effects.
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Table 1. Demographic characteristics of control and magne-

sium group
- Group
Characteristics ol (n=30) Magnesium (a=30)

Gender (male : female) 14 : 16 17 : 13

Age (year) 55.33+11.07 54.23+12.01
Height (cm) 163.18+7.85 164.9618.85
Weight (kg) 59.06+9.87 61.73£9.34
Body surface area (m’) 1.64+0.15 1.6610.14
LVEF (%) 56.00+9.98 58.00+10.15
ACC time (min) 64.36+24.21 67.70+27.34
CPB time (min) 96.26+33.24 99.00+41.79
Operation time (min) 221.86+49.39 236.33+73.68
POMV time (hr) 21.66%7.73 19.21+8.83
ICU stay time (hr) 79.65+29.52 68.54+33.69
Hospitalization (day) 17.5616.11 17.63+5.70

Data were expressed as meantstandard deviation (SD).
There were no significant differences between two groups
(p>0.05).

Abbreviation: LVEF, left ventricular ejection fraction; ACC,
aortic cross-clamping; CPB, cardiopulmonary bypass; POMV,
post-operative mechanical ventilation; ICU, intensive care unit.
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Fig. 1. Changes of Mg levels in control and magnesium group
during eight phases of perioperation. Mg™ levels in
magnesium group were higher than those in control
group at all periods exception for Pre-op phase (*,
p<0.05). Pre-op=before operation, CPS-10m=10 minutes
after the first infusion of cardioplegia, ICU=immediately
after intensive unit (ICU) arrival, PO-3h= 3 hr after ICU
arrival, PO-6h=6 hr after ICU arrival, PO-12hr=12 hr af-
ter ICU arrival, PO-24hr=24 hr after ICU arrival,
PO-48hr=48 hr after ICU arrival.
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Fig. 2. Changes of Ca™" levels in the two groups during eight
phases of perioperation. Ca™" levels in Mg group were
higher than those in control group at ICU and PO-3hr
(*, p=0.05, +, p=0.021).
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Fig. 3. Changes of Na’ levels in the two groups during eight
phases of perioperation. There were no significant dif-
ferences between two groups at any sampling times
(p>0.05).
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Table 2. Comparison of blood coagulation test at peri-operative periods between the two groups

Control vs Magnesium

Variable Pre-op ICU
PT (sec) 12.81£2.00 vs 12.19+1.00 16.47+1.96 vs 15.89:+1.61
PT (INR) 1.0620.16 vs 1.01+0.09 1.36+0.16 vs 1.31+0.13
aPTT (sec) 25.89+2.83 vs 25.64+3.55 39.72+42045 vs 36.08+11.84
ACT (sec) 128.14+19.32 vs 127.00+19.20 125.76+14.01 vs 129.63+12.36

Data were expressed as mean+SD.

There were no significant differences between two groups (p>0.05).
Abbreviation: PT, prothrombin time; INR, international normalized ratio; aPTT.
activated partial thromboplastin time; ACT, activated clotting time.
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Table 3. Comparison of post-operative blood loss and blood

usage volumes between the two groups 1:2 | o - {’Ecmm I
Group 40 T Magn%il.lvmgruf
Variable
Control Magnesium S0 Lo e B
Blood loss volumes % 100 |
Post-operative 24hr (mL) 480.71:279.49  489.28+280.78 2 e
Total (mL) 681.42+376.35  720.00+329.12 © 60
Blood usage volumes
Packed red cell (mL) 226.66:300.49  280.00+317.75 o
Fresh frozen plasma (mL) 153.33:220.86 173.33:214.85 2
Data were expressed as meantSD. 0
There were no significant differences between two groups Pre-op ev POZ4fr POM8 M
(p>0.05). Fig. 7. Changes of creatine kinase-MB (CK-MB) levels in the
two groups during four phases of the perioperation.
CK-MB levels in magnesium group were lower than
9IS EAR those of control g’rouinat ICU gamd I;’O-Z4hr (*, p=0.05,
14 R AR 7% BAREL 34 RE AV ¢ & 3 +, p=0.004).
oA FF Fol7h ASATHTable 4). 22U 43 FAAI
CK-MB9 d#szw ICU 2 PO-24hr A)7)o)(p=0.05, 30
p=0004, Fig. 7), T2x TNI ¥E& POMhr Al7]o] N B o
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7 ARAN vl S AL AHEE 25 ATP 2 o} 5
Hlmate) BEgo] w3ithn Rustych ol An A
AN ul1dlgo] Brbso] A Y A7 Fek @714 ° :e-_o-pL ICU PO-24 hr PO-48 hr
AL E5ol FojR) HZAE U lactate F4-S 2o} ofr) = , ,
o] o] REHE 7)Ao SATCTH4]. Fig. 8. Changes of troponin-I (TNI) levels in the two groups

during four phases of the perioperation. TNI level in
magnesium group was lower than that of control
A3 EXX group at PO-24hr (*, p=0.05).

INFo 529 24 H% % F 29 $98 Aol 99
o WA Wl FFe vladETY B¢ FE FA T FE 9. INFuE £4 F A28 2o FGFS nxE 9FA4 A}
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Table 4. Comparison of liver and kidney functions markers at peri-operative periods between the two groups

Control vs Magnesium
Pre-op PO-Ohr PO-24hr PO-48hr

AST (U/L) 36.80+12.96 vs 24.7618.22  64.76+4348 vs 67.43+35.60 87.13£56.24 vs 77.20+44.14 53.70+33.70 vs 53.96+32.21
ALT (U/L) 261341866 vs 30.03£17.20  22.96+7.98 vs 25.36+10.06 30.10+15.35 vs 28.668.76  37.92+21.46 vs 39.00+27.74
Total bilirubin (mg/dL)  0.72+0.29 vs 0.88+0.37 0.91+0.33 vs 1.07£0.42 0.97+0.38 vs 0.98+0.39 0.82+0.27 vs 0.84+0.31
BUN (mg/dL) 19.96+6.08 vs 17.50£559  15.50+463 vs 15261568  22.10+7.05vs 23.20£9.56  21.40+7.12 vs 22.43+12.33
Creatinine (mg/dL) 0.97+0.18 vs 0.99+0.29 0.79+0.16 vs 1.01+0.90 0.97+0.29 vs 1.04+0.41 0.85+0.20 vs 0.90+0.33

Data were expressed as mean=SD.

There were no significant differences between two groups (p>0.05).

Abbreviation: AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN,
blood urea nitrogen.
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Fig. 9. Changes of tumor necrosis factor-¢(TNF-a) levels in the
two groups during four phases of the perioperation.
There were no significant differences between two
groups at any sampling times (p>0.05). CPB-10m=10 mi-
nutes after the beginning of cardiopulmonary bypass,
CPB-off=immediately after the termination of car-
diopulmonary bypass.
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Fig. 10. Changes of interleukin-6 (IL-6) levels in the two
groups during four phases of the perioperation. IL-6
level in magnesium group was lower than that of
control group at CPB-off (* p=0.047).
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Table 5. Comparison of arterial blood gas analysis after
post-operative mechanical ventilation weaning be-
tween two groups

Group
Variable -

Control Magnesium
pH 7.45+0.03 7.44+0,03
pCO; (mmHg) 37.99+3.11 37.92:4.10
POz (mmHg) 101.99+22.25 104.31+26.19
Base excess (mEq/L) 3.20£2.23 2.64+2.92
Bicarbonate (mEq/L) 26.66+2.20 26.29£2.95
TCO, (mEq/L) 27.83+2.27 27.31+£3.13
O, saturation (%) 97.66+2.05 97.82+1.73

Data were expressed as meanzSD.

There were no significant differences between two groups
(p>0.05).

Abbreviation: pH, potential of hydrogen; pCO,, partial pres-
sure of carbon

dioxide; pO;, partial pressure of oxygen; TCO,, total carbon
dioxide content;

O saturation, oxygen saturation.

Table 6. Comparison of post-operative arrhythmia and compli-
cation incidence between the two groups

Group

Variable Control ~ Magnesium

Number of case (%)
Arrhythmia incidence n=30 n=30
Atrial fibrillation 9 (30.0%) 2 (6.67%)
pvC 1 (3.33%) 1 (3.33%)
Complete AV block 1 (3.33%) 0
1st degree AV block 0 1 (3.33%)
Sinus tachycardia 4 (1333%) 2 (6.67%)

Sinus bradycardia 1 (3.33%) 4 (13.33%)
Total 16 (53.33%) 10 (33.33%)’
Complication incidence n=30 n=30

Fever 2 (6.66%). 0

Wound infection 0 1 (3.33%)

Permanent pacemaker insertion 1 (3.33%) 1 (3.33%)

Hematuria 1 (3.33%) 1 (3.33%)

Hemoglobiuria 0 1 (3.33%)

Reopen of chest(due to bleeding) 1 (3.33%) 0

Pneumothorax 0 1 (3.33%)

Toxic hepatopathy 3 (10%) 1 (3.33%)
Total 8 (26.66%) 6 (20%)
Data were expressed as case number and percentage (%).
*, p=0.005.

PVC, premature ventricular contraction.
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