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Abstract

Background: One of the most common events, after the release of aortic cross-clamp in patients undergoing
coronary artery bypass grafting surgery is reperfusion induced ventricular fibrillation, which occurs in 74% of 96%
of patients. Regarding the controversies over the use of lidocaine or magnesium sulfate for the prevention of
ventricular fibrillation following the release of aortic cross-clamp, this study was designed to compare the effec-
tiveness of magnesium sulfate and lidocaine to suppress ventricular fibrillation.

Methods: In a double blind, prospective, randomized, controlled trial study, 76 patients who were candidates for
elective coronary artery bypass grafting surgery were divided into three groups including Group A (lidocaine,
n=26), group B (magnesium sulfate, n=25), and group C (normal saline, n=26). Lidocaine (1.5 mg/Kg), magne-
sium sulfate (30 mg/Kg) and normal saline were administered 5 minutes before the release of aortic cross clamp.

Results: The incidence of ventricular fibrillation significantly decreased in patients receiving magnesium sulfate
(12% vs. 26.9% and 44% in patients who received lidocaine and normal saline, respectively) There was no sta-
tistically significant difference between the groups with respect to age, ejection fraction (L/ min), anesthetic time
(min), cross-clamping time (min), PH, HCT (%), and serum K+ level (meq).

Conclusion: The administration of lidocaine and magnesium sulfate before the release of aortic cross-clamp
reduces the incidence of postoperative ventricular fibrillation in adult patients undergoing coronary artery bypass
grafting surgery with cardiopulmonary bypass. In our study, magnesium sulfate was more efficient in prevention
of ventricular fibrillation than lidocaine. Administration of magnesium sulfate (30 mg/kg) caused no toxic effect
and wais safe for patients undergoing coronary artery bypass grafting surgery with cardiopulmonary bypass.
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Introduction

One of the most common events after the release of
aortic cross-clamp in patients undergoing coronary
artery bypass grafting surgery is reperfusion induced
ventricular fibrillation, which occurs in 74% of 96%
of patients.* Ventricular fibrillation increases myo-
cardia oxygen consumption, myocardial wall tension
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and intramyocardial damage and so deteriorates car-
diac output.? Myocardid damage induced by
ischemic reperfusion injuries is believed to be due to
the production of reactive oxygen species and cal-
cium overload.®

Various approaches have been used to prevent or
treat reperfusion-induced ventricular fibrillation. Lido-
caine has been used primarily for patients with ven-
tricular tachyarrhythmia, as it has been effective in pa
tients after coronary revascularization and in patients
resuscitated from out-of-hospital ventricular fibrilla-
tion.* Lidocaine, an amide local anesthetic,® has been
shown to increase the threshold for ventricular fibrilla-
tion by binding to sodium channels® decreasing the
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slope of phase 4 depolarization® and increasing the
diastolic threshold potentia in purkinje fibers.”

The use of lidocaine as an additive to cold hyper-
kalemic crystalloid cardioplegia at a dose of 500
mg/Liter was associated with a lower incidence of
ventricular fibrillation. However, it was associated
with an extremely high incidence of high degree
atrioventricular block, which required temporary pac-
ing and inotropic support.® Moreover, the administra-
tion of lidocaine (100 mg) two minutes before the
release of aortic cross-clamp not only decreased the
incidence of reperfusion ventricular fibrillation, but
also increased the cardiac output.’

Another approach to prevent ventricular fibrilla
tion after the release of aortic cross-clamp has been
the use of magnesium sulfate. The use of magnesium
was indicated in severa reports suggesting that pa
tients undergoing coronary revascularization with
cardiopulmonary bypass have significantly lower se-
rum magnesium levels.’® The prophylactic use of
magnesium after cardiac surgery was better than pla-
cebo in reducing the risk of atrial fibrillation, su-
praventricular and ventricular arrhythmia™ More-
over, magnesium supplementation before aortic
cross-clamp could stabilize the plasma membrane of
the myocardium and thereby offer a protective ef-
fect.”” The cardiac protective effects of magnesium
are induced by activation of the Na'K* ATPase,
which stabilizes the membrane potential, and thereby
raises the ventricular fibrillation threshold.®

Regarding the controversies over the use of lido-
caine or magnesium sulfate for the prevention of ven-
tricular fibrillation following the release of aortic
cross-clamp, in this study we investigated the efficacy
of lidocaine and magnesium sulfate on prevention of
ventricular fibrillation in patients undergoing e ective
coronary artery bypass grafting surgery.

Materials and Methods

The study was conducted at a university-affiliated
hospital from Feb. 2004 to Dec. 2005, recruiting 76
patients undergoing coronary artery bypass grafting
surgery. The study was approved by the University
Ethics Committee and informed consent was obtai ned
from al patients. Exclusion criteria ind uded any car-
diac rhythm other than sinus rhythm, on the basis of
preoperative 12-lead e ectrocardiography (ECG) and
Antiarrhythmic drug consumption (e. g. Digoxin, Li-
docaine) other than B-receptor antagonists .The use
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of drugs causes eectrolyte imbdance (eg. magne-
sium sulfate, diuretics). Poor left ventricular function
was defined as an gection fraction of less than 50%
or metabolic, surgical or endocrine disease. We did
not include patients with severe type of hyperkalemia
at the time of aortic cross-unclamping.

After inserting the radia arteria line the patients
were anesthetized using intravenous (IV) midazolam
(0.04 mg/kg), sufentanyl (0.6 ug/kg); thiopenta (2.5
mg/kg), and pancuronium (0.1 mg/kg). Anesthetia was
mainta ned using diazepam. After intubation, controlled
ventilation was started with 100% oxygen. The patients
were monitored with pulse oximeters, ECG, capnome-
ter, radid artery catheter and esophagea thermometer.
In operaions, standard cardiopulmonary bypass was
used with systemic cooling between 30-32°C. All pa
tients were perfused by asarns roller pump a aflow rate
of 2.4L/min/m?. After application of the aortic cross-
damp, cardioplegic solution was infused into the aortic
root at 10-15 mi/Kg of body weight.

Computerized randomization was done for pdients
to receive lidocaine (1.5 mg/Kg; Group A, n=26), mag-
nesium sulfate (30 mg/Kg; Group B, n=25), or an equa
volume of norma sdine (Group C, n=25) 5 minutes
before re easing the aortic crass-damp.

Then, al the patients were monitored for 15 min-
utes after release of aortic cross-clamp and any ab-
normal eectrical rhythm (including ventricular fibril-
lation) was registered, and if prolonged ventricular
fibrillation (more than 2 minutes) or repeated ven-
tricular fibrillation was encountered, €ectrical defi-
brillation or antiarrythmic medication was adminis-
tered. At the time of aortic cross-clamp release, pH
count of the blood, arterial O2 and CO2 tensions, he-
moglobin, hematocrit (HCT) and serum potassium
levels (K*) were recorded. The patients' demographic
characteristics including ECG, gection fraction and
numbers of grafts were also obtai ned.

The dtetistical analyses were performed using
SPSS software (version 14.0, Chicago, IL, USA). Chi
Square was used to compare the rate of the occur-
rence of ventiuclar fibrillation. Analysis of Variance
was used to compare K*, pH, Hct, cross-clamping
time (min) and ventricular fibrillation.

Results
Intraoperative data are shown in Table 1. There was

no statisticaly significant difference between the
groups A, B, and C with respect to age (p=0.38).
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Table 1: Demographic characteristics and perioperative data

Variable Group A(n=26) Group B (n=25) Group C (n=25) P value
Age (year) 56.7+7.5 60.12+89 60.8+10.48 p=0.38
Anesthestic time (min) 252.0+66 266.4+66 267.0£51 p=0.55
Cross-clamping time (min) 48.61£9.5 46.0£7.9 47.246.6 p=0.51
pH 7.4+0.05 7.4+0.05 7.4+0.06 p=0.214
HCT (%) 37.0+5.92 39.1+6.14 35.5+6.09 p=0.115
K" (meg/) 4.3+0.67 4.3+0.57 4.4+0.89 p=0.712
Ventricular fibrillation 26.9% 12.0% 44.0% p=0.410

Also, there was no statisticaly significant difference
between the groups A, B and C with respect to gec-
tion fraction. The rate of occurrence of ventricular
fibrillation in groups A, B and C were 26.9%, 12%
and 44%, respectively. The difference between the
groups was statistically significant (p=0.041). There
was no high degree AV block, or intra-aortic balloon
counter pulsation. The same number of patientsin the
three groups required inotropic agent after the termi-
nation of cardiopul monary bypass.

Discussion

The findings of the present study indicated that pro-
phylactic treatment with magnesium sulfate was asso-
ciated with alower incidence of ventricular fibrillation
in comparison to treatment with lidocaine or placebo.
England et al. showed that there will be a decrease
in the incidence of ventricular arrhythmias up to 50%
when 2 grams of prophylactic magnesium was ad-
ministered intraoperatively, while this had no effect
on supraventricular arrhythmias.** Also, Shiga et al.
showed that prophylactic treatment with magnesium
after cardiac surgery was better than placebo for re-
ducing atria fibrillation, supraventricular and ven-
tricular arrhythmias.™ Moreover, Kurian et al.
showed that administration of 2 grams magnesium
before aortic cross-clamp could stabilize the plasma
membrane of the myocardium and thereby mediate
the protective effect.’” On the other hand, Wistbacka
et al. showed that magnesium at a dose greater than
4 grams was associated with bradycardia requiring
pacing for 24 hours and mild hypotension which is
responsible for fluid administration.”® This dose of
magnesium sulfate in the present study was safe and
had no toxic complication such as bradycardia re-
quiring temporary pacing. The mechanisms of an-
tiarrhythmic effect of magnesium include increasing

300

threshold membrane potential and maintaining
intracellular/extracellular K ratio. The findings of the
present study indicated that prophylactic treatment
with lidocaine was associated with a lower incidence
of ventricular fibrillation in comparison to the use of
placebo.

Techervenkov et al., using lidocaine as an addi-
tive to cold hyperkalemic crystalloid cardioplegiain
a dose of 500 mg/L demonstrated a lower incidence
of ventricular fibrillation (4% versus 96%). How-
ever, an extremely high incidence of high grade
atrioventricular block (83% in the lidocaine treated
group versus 4% in the control group) required tem-
porary pacing and an increased requirement for ino-
tropic support.’® Anis et al. showed that a bolus of
100 mg of lidocaine 2 minutes before the release of
the aortic cross-clamp not only sgnificantly de-
creased reperfusion ventricular fibrillation (70% in
the control group versus 11% in the lidocaine group)
but also caused higher cardiac output after weaning
from cardiopulmonary bypass.*® Also, Fall and col-
leagues were able to significantly reduce the inci-
dence of ventricular fibrillation immediately after
the removal of aortic cross-clamp using lidocaine.?
The absence of the high grade of arioventricular
block in our study was probably due to alower dose
of lidocaine in comparison to what Techervenkov et
al. found.

The mechanism of antiarrhythmic action of lido-
caine has been attributed to the decrease in automatic-
ity, action potentia duration, and increasein ventricu-
lar fibrillation threshold. Lidocaine also binds to so-
dium channdls®> attenuating phase 4 depolarization
and increasing the diastolic dectric current threshold
in Purkinje fibers.®

The administration of lidocaine and magnesium
sulfate before the release of aortic cross-clamp re-
duces the incidence of ventricular fibrillation post-
operatively in adult patients undergoing coronary ar-
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tery bypass grafting surgery with cardiopulmonary
bypass. Magnesium sulfate was more efficient in pre-
vention of ventricular fibrillation than lidocaine Ad-
ministration of magnesium sulfate (with a dose 30
mg/Kg) did not have any toxic effect and was safe for
patients undergoing coronary artery bypass grafting
surgery with cardiopulmonary bypass.
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