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Abstract: Cardiac-surgery-associated neurological complications and cognitive deficits are preoccupations in
cardiac surgery because of their frequency, variety and long-term impact. The study aimed at evaluation of the
efficacy of intravenous magnesium sulphate as a neuroprotective agent in patients undergoing Coronary artery
bypass grafting (CABG) with cardiopulmonary bypass (CPB). 30 patients were admitted for on pump coronary
artery bypass grafting categorized into two groups, Group I n=15 patients received magnesium sulphate before
induction of anaesthesia and group II n=15 patients received saline. Intraoperative Cerebral oximetry as well
as cognitive P300 visual evoked potentials, 1 day pre- & 3 days postoperatively were assessed for the patients.
There was a significant decrease in the P300 latency in the magnesium group postoperatively (p-value= 0.008)
as compared to their preoperative values, while the postoperative P 300 amplitude showed a significant higher
level in the magnesium group compared to that of the control group (p-value= 0.0241). Regarding the cerebral
oximetry values there were no significant differences between both studied groups. The study showed that
magnesium may play a role in decreasing the incidence of postoperative cognitive dysfunction (POCD)
following cardiac surgery. P300 evoked potential could a useful tool in the to assess POCD
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INTRODUCTION still controversial. Differences in dosage, time of

Cardiac-surgery-associated neurological to the conflicting results [9].
complications are common, multifactorial and often The P300 wave, a long-latency event-related
preventable if they are detected early [1, 2]. Neurologic potential, is known to be associated with psychological
injury after cardiopulmonary bypass (CPB) remains a processing of stimulus information and thus can provide
devastating complication of cardiac surgery. Possible a quantification  of  impaired  cognitive   brain  function.
causative factors include hypoperfusion, lack of pulsatile It can be considered as a neuropsychological correlate of
flow and cerebral embolization [3]. information processing, such as stimulus evaluation,

Magnesium is critical to cellular energy metabolism alertness and memory updating [10].
[4]. Inorganic magnesium ion (Mg ) blocks synaptic The use of the P300 technique has proved to be even2+

transmission by preventing the release of more sensitive than electroencephalogram and standard
neurotransmitters and blocking N-methyl-D-asparate psychometric tests for detecting sub-clinical impairment
(NMDA)-coupled calcium channels, thereby inhibiting of cognitive brain function [11].
calcium entry into neurons [5]. Both in vitro [6] and in This study aimed at evaluating the efficacy of
vivo experiments [7, 8] suggest that magnesium ions intravenous magnesium sulfate as a neuroprotective
reduce the neuronal damage brought about by ischemia agent, decreasing the neurocognitive changes in patients
or excitatory amino acids. But despite favorable results in undergoing coronary artery bypass grafting with
preclinical studies, the neuroprotective effects of Mg  are cardiopulmonary bypass.2+

administration and hypothermia are contributing factors
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MATERIALS AND METHODS after the operation. The machine used to record the

After being approved by the Institutional Review 9200G/K  EP/EMG  measuring   system   (Neuropack  M1)
Boards  (IRBs)  of  Kasr-Al-Aini  hospital, the present 4-channels version 08.11. The examiner was blind to
study  was  conducted  on 30 patients admitted for on whether patients belonged to the magnesium or control
pump coronary  artery  bypass  grafting. Patients with a groups.
history of  cerebrovascular  event,  impaired  renal Subjects  were  seated  comfortably   and  instructed
function (serum creatinine > 1.2 mg/dL), heart block, to  avoid  excessive   movements   of   face   and  neck.
muscular  dystrophy,  or  carotid  artery  stenosis  over The   recording   electrodes   were   surface   disc
30% narrowing by carotid duplex scan were excluded from electrodes  placed  after   properly   cleaning   the  skin.
this study. After a written informed consent for The active and ground electrodes were applied on the
participation in the study the patients were randomly scalp  and  forehead  corresponding   respectively  to Cz
assigned into two groups, group (I) n=15 patients and Fpz  positions  of  the    10-20   international  system
received 4gram magnesium sulphate over 20 minutes of electrode placement. The reference electrode was
before induction of anaesthesia, group (II) n=15 patients applied over the mastoid process. The electrodes
received normal saline as placebo and they served as impedance was kept below 5 Kohms, The gain was
control group. initially set to 50 µv per (vertical) division, monitor time

Cerebral Oximetry Setup for Each Patient: The forehead was 0.1 – 50 Hz.
was degreased with an alcohol/acetone wipe then the A total of 200 visual stimuli were presented to the
sensors were placed bilaterally on the patient’s forehead eyes through goggles. 80% of stimuli were presented
and the sensor cable was connected to sensors before or regularly to both eyes (frequent, non target stimulus)
after placement. The right and left channel measurements whereas the remaining 20% were presented to one eye
were observed. Alarm limits were set. Status messages (rare, target stimulus) randomly intermixed at a rate of
were observed on screen for troubleshooting assistance. 0.5/second.
Baseline rSo  (defined as the average saturation value The  patient  was  instructed  to  press  a  trigger2

over one min. period before induction of anaesthesia button  as  quickly  as  possible  whenever  the  rare
beginning approximately 3 min. after sensors application) stimulus occurred. To verify reproducibility of the
was measured, as well as Regional cerebral oxygen response,  the  procedure  was  repeated  at  least  once.
saturation (rSo ) which was continuously monitored The responses were displayed on a screen and could be2

using near infrared spectroscopy (NIRS) (INVOS printed out.
somanetics Inc., Tyco. USA). Many different components of the event related

In our study, cerebral desaturation was recorded as potential have been identified. For measurements the P3
one of the following two values: (1) a decrease in absolute (300) (Figure 1) of the response to the rare stimulus was
rSO  values to less than 50% and (2) a decrease in the taken as follows:2

relative rSO  value of 30% compared with the individual The latency was calculated as the time taken to reach2

baseline value. the peak of the component (in milliseconds) [10].
Therapeutic approaches for reduced cerebral tissue The amplitude was measured in microvolt from the

saturation were taken as increasing cerebral blood flow peak of P3 component to the preceding wave (N200) [10].
(increasing arterial PaCO  tension), decreasing the2

cerebral metabolic rate for oxygen (anaesthesia), Statistical Methods: Data were analyzed by Microsoft
increasing the oxygen content (red cell transfusion), Office 2003 (excel) and Statistical Package for Social
slower re-warming and increasing the flow rate if the Science (SPSS) version 16. Parametric data was expressed
patient is on pump [3]. as mean ± SD and non parametric data was expressed as

The Cognitive P300 Visual Evoked Potential: It was mean ± SD of 2 groups was done using paired and
measured for all patients at the Clinical Neurophysiology unpaired student’s t test. P value < 0.05 is considered
Unit in Kasr Al-Ainy Hospital 1 day before and 3 days significant.

responses  was  Nihon  Kohden,   Neuropack  MEB-

was 200 msec per (horizontal) division. The band pass

number and  percentage  of  the  total. Comparing the
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Fig. 1: The trace of the P300 response in one of the patients

RESULTS DISCUSSION

There was no statistically significant difference The application of magnesium in clinical trials aimed
detected between both groups regarding their at treating acute cerebral ischemia. Therefore, recent
demographic and operative data (Table 1). Also there was studies of MgSO4 focused on its neuroprotective effects
no  statistically  significant  difference (p >0.05) between in cerebral ischemia. For example, the administration of
both  groups  regarding the clinical data (levels of MgSO4  in  brain ischemia reduces the infarct size,
hematocrite, random blood sugar, blood pressure, ischemic brain tissue and acidosis. Furthermore, it was
nasopharyngeal temperature, peripheral oxygen demonstrated  that  various   neuroprotective   functions
saturation, arterial blood gases (PO2, PCO2). of magnesium in brain ischemia include a decrease in the

There was no statistically significant difference presynaptic release of glutamate and a blockade of the
between the two groups as regards the regional cerebral NMDA  receptors  with  the  calcium  entry  via the
oxygen saturation, which was monitored before and after voltage-gated channels [12].
15 minutes of induction, also 15 min after bypass and after The use cognitive P300 to assess POCD after cardiac
weaning from bypass as well as after sternal closure surgery was found in other studies [13, 14]. Some used
(Table 2). more than one neurocognitive test for the assessment of

The amplitude and latencies of the P300 waves both cognitive function [13, 15].
pre and postoperatively were compared separately in each In  our  study  no  significant  difference  was
group and the results revealed no statistically significant detected  in  the  P 300  latency  between  both studied
change from before to after the operation in both groups group  either  pre  or  postoperatively except for a
except for a significant decrease in the postoperative P significant decrease (P=0.008) in its value in the
300 latency in the magnesium group (p-value=0.008) magnesium group postoperatively compared to the
(Table 3). In addition comparison of both groups showed preoperative value, while the postoperative P 300
no statistically significant difference detected between amplitude  showed  a  significant  higher  value  (P=0.024)
them except for the post operative P300 amplitude which in the magnesium group compared to that of the control
was significantly higher in patients of group I than that of group. Regarding the regional oxygen saturation there
the controls, p-value=0.024 (Table 4). was no significant difference between both studied

Two cerebral desaturation episodes (defined as groups.
<50%) were reported in our study, one in the control These findings might suggest that the magnesium
group & one in the magnesium group, in T3 (on CPB). may have beneficial effect as neuroprotector in cardiac
This was not associated with any significant change in surgery, but it may have no role in improving cerebral
the parameters of the P300 in the postoperative readings. oxygenation.
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Table 1: Demographic and operative data of both groups
Group I (Magnesium) Group II (Control) P value

Age in years 54.07±5.23 54.93±5.77 0.89
Sex (M:F) 12:3 (80:20%) 11:4 (73.3:26.7%) 0.68
Weight in kg 85.4±6.09 85.8±8.68 0.73
Ejection fraction 55.07±2.93 57.47±3.16 0.067
Cardiopulmonary bypass time 107±9.28 107.07±14.06 0.876
AXC 86.2±9.54 86.4±12.76 0.963
Tridil (µg/kg/m) 2.53±0.81 2.67±1.07 0.713

Table 2: Regional oxygen saturation in the studied groups
RSO2 before induction of anaesthesia Group I (Magnesium) Group II (Control) P value
Right 71±4.07 70.6±3.05 0.771
Left 70.67±2.15 69.53±2.16 0.175
RSO2 15 min. after induction of anaesthesia
Right 69.53±3.18 66.8±5.95 0.144
Left 69.87±2.45 67.2±6.17 0.15
RSO2 15 min. after the start of CPB
Right 69±3.16 67.6±2.87 0.23
Left 69.33±2.91 68.2±2.48 0.278
RSO2 15 min. after separation from CPB
Right 69.93±2.02 69.93±2.43 0.99
Left 69.93±2.26 70±1.79 0.932
RSO2 after sternal closure
Right 70.67±2.02 70.47±2.09 0.799
Left 70.73±1.29 70.33±1.35 0.429

Table 3: P300 latency and amplitude for both groups
Preoperative P300 Group I (magnesium) Group II (Control)
Latency (msec) 449.83 ± 35.87 415.6 ± 60.76 0.071
Amplitude(µv) 11.97±4.48 9.16±3.98 0.08
Postoperative P300 Group I (magnesium) Group II (Control)
Latency (msec) 404.83 ± 49.59 433.2 ± 46.49 0.117
Amplitude(µv) 12.55±3.69 9.14±4.13 0.0241*
* Statistically significant

Table 4: Comparison of the preoperative and postoperative P300 latency and amplitude for both groups
Preoperative Postoperative p-value

Group I (magnesium) P300
Latency (msec) 449.83 ± 35.87 404.83 ± 49.59 0.008*
Amplitude (µv) 11.97±4.48 12.55±3.69 0.701
Group II (Control) P300
Latency (msec) 415.6 ± 60.76 433.2 ± 46.49 0.38
Amplitude(µv) 9.16±3.98 9.14±4.13 0.99
* Statistically significant

These data are in agreement with Bhudia et al. [16], Also there are numerous studies that suggested the
who studied the protective effect of raising magnesium use of magnesium for neuroprotection [17-18].
level in serum to 1.5 - 2 folds during cardiac surgical In a systematic review by Care et al. [20], they stated
procedures using CPB. They reported safety of this that although human studies have confirmed that
protocol and better preservation of short-term memory moderate hypermagnesemia (2.5 to 3 times the baseline) is
along with prevention of re-emergence of primitive well-tolerated, only modest elevation of CSF magnesium
cerebellar reflexes. Despite the different patient population (blood–brain barrier penetration of the ion) occurs.
and methodology, this study strongly supports the safety However, current experimental evidence has yet to
and protective effect of magnesium on the cerebral establish whether this modest elevation is sufficient for a
outcome after cardiac surgery. neuroprotective effect.
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In our study, we recorded two episodes of cerebral of cardiac dysfunction, the use of different types of
desaturation (<50%), one in the control group & one in cognitive tests and long term follow up for the patients
the magnesium group, at T3(on CPB) and therapeutic are recommended.
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