RELATIONSHIP BETWEEN SERUM MAGNESIUM
LEVEL AND ARRYTHMIAS FOLLOWING POST-
CORONARY ARTERY BYPASS GRAFTING

MAHDI NAJAFI , BABAK HAGHIGHAT
AND HOSSEIN AHMADI TAFTI

Abstract

Introduction: Atrial and ventricular arrhythmias are among the most
common complications after coronary artery bypass graft (CABG) surgery.
It is known that cardiopulmonary bypass reduces serum magnesium level.
In this study, we evaluated the relationship between total blood magnesium
level (TMG) and the incidence of perioperative arrhythmias.

Methods: TMG was measured in patients who were scheduled for
CABG on three occasions: just before anesthesia, on intensive care unit
(ICU) arrival and on the first morning after operation. Patients were
evaluated for primary cardiac rhythm, serum creatinine, urine output in
operating room and diuretic therapy. Supplemental magnesium (SMG) was
also recorded in operating room and ICU. Patients were then evaluated for
the rate and kind of arrhythmia occurring during the next 3 days.

Results: Mean TMG level in 170 cases was 2.2 (0.5), 2.6 (0.6) and
2.4 (0.6) mg/dl on three occasions respectively. 53 patients developed
post-operative arrhythmia (31%) [Atrial Fibrillation (AF) (7.1%), Non-
AF Supraventricular arrhythmia (14.7%) and Ventricular arrhythmia
(16.5%)]. Although there was a significant difference between TMG on
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three occasions (P <0.001), all values were within normal range.
Although TMG was higher in arrhythmic patients compared to non-
arrhythmics (2.26 vs. 2.14), both values were in normal range and there
was no significant difference between two groups.

Discussion: This study shows that routine magnesium
administration has no significant effect on serum magnesium level. We
conclude that though routine regimen of magnesium administration has
no effect on incidence of perioperative arrhythmia, it is probably
necessary for maintaining normal magnesium level.

Key words: Arrhythmia, Coronary artery surgery, Magnesium.

Introduction: Atrial and ventricular arrhythmias are among the
most common complications after coronary artery bypass graft (CABQG)
surgery. The occurrence of arrhythmias, especially atrial fibrillation (AF),
as the most common of all, does not increase the risk of patients’
mortality, it does, however, increase the length of Intensive Care Unit
(ICU) stay and total period of hospitalization'?.

Risk factors for developing AF consist of: previous history of AF,
advanced age, combined valvular and coronary surgery, preoperative
congestive heart failure (CHF) or chronic pulmonary disease, Surgical
factors include cross-clamp time, bicaval venous cannulation, and
pulmonary vein venting’. Further, the protective role of B-blockers and
ACE inhibitors against AF has been recently emphasized®.

Many methods used in the treatment or prevention of post-surgical
arrhythmias lack significant effectiveness beside causing various
complications™®. Controversy exists on the effectiveness of magnesium
(Mg) sulfate in preventing post surgical arrhythmias. Some studies™® have
highly emphasized its role in preventing arrhythmias, to others, however,

I, . 9,10,11
it is questionable™ ™",

Mg serum levels highly change after CABG surgery, such that the
rate of hypomagnesemia after cardiopulmonary bypass (CPB) approaches
70% in some studies'*. Hence, Mg serum levels and the administration of
Mg sulfate may play a role as anti- arrhythmic factors. Currently,
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measuring peri-operative levels of serum Mg is not routinely done.

The present study aims at determining the peri-operative Mg serum
levels in CABG patients, and its correlation with development of post-
surgical atrioventricular arrhythmias. The relationship between doses of
administered supplemental Mg and post-surgical arrhythmias is studied as
well.

Methods and Materials

Candidates for CABG with normal sinus rhythms were included in
the study of 170 patients (116 males, 54 females). Exclusion criteria
consisted of: presence of any kind of arrhythmias, valvular heart disease,
taking anti-arrhythmic medications, past surgical history of CABG (redo),
and renal failure.

Patients Mg serum levels were then measured on the three
designated times: re-operatively immediately after anesthesia induction;
post-operatively on admission to ICU; and in the morning of first day
post-operatively.

Age, sex, past medical history of CHF; COPD, drug history of
diuretic consumption, serum creatinine level, and duration of cross
clamping in all studied patients were recorded and analyzed. The Mg
sulfate administration, prescribed doses in operating room and ICU were
separately recorded. The dose of administered Mg during CPB, was in the
range of 1 £ 0.2g for all patients.

Patients were monitored for supraventricular and ventricular
arrhythmias for 3 days from the time of surgery. During this period, any
type of arrhythmias appeared on the monitor was reported by the staff
nurse and rechecked by a specialist physician then confirmed by 12 lead
ECG. Patients were then divided in two groups: arrhythmic and non-
arrhythmic for further assessments. Any adverse effects due to rise in Mg
serum levels were recorded.

Data variables comparison was done by parametric and non-
parametric tests and their relationship was evaluated using correlation
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tests. The P-values <0.05 was considered significant for all tests.

Results: Patients details are shown in Table 1.

Table 1

Patients details
Total (n) 170
Men (n) 116 (68%)
Women (n) 54 (32%)
Age (yr) 59.9(9.3)"
Hx of COPD (n) 4(2.5%)
Hx of CHF (n) 27 (15.3%)
RCA involvement (n) 140 (82.3%)
Serum creatinine level (mg/dl) 1.2 (0.31)
Urine output during surgery (ml) 1803 (761)
Cross-clamp time (min) 49.8 (21)
Mean administration Supplemental Magensium (g) 2.6 (1.2)

Hx = History, COPD = Chronic Obstructive Pulmonar Disease, CHF = Congestive Heart
Failure, RCA = Right Coronary Artery.
* Unspecified numbers in parentheses are SDs.

Only one patient, in whom the duration of CPB was rather long and
a total bolus dose of 6g supplemental Mg sulfate was administered
exceptionally, had complications due to rise in Mg serum level. However,
2" time (on admission to ICU) and 3™ time (1% day post-op) Mg serum
levels was reported 3.5 mg/dl and 5.3 mg/dl, respectively. On the 1% day
post-operation, the patient had weakness and hypotension which could be
explained by long duration of CPB and post-operative inotrope intake
besides high Mg serum level.

53 (i.e. 31.2%) had at least one type of arrhythmia. Mg serum levels
in non-arrhythmic group were higher than the arrhythmic one. Although
there was a significant difference (P <0.001) in 1* and 3™ time mg serum
levels, the correlation between Mg serum levels and administered Mg
sulfate dose (r = 0.37, P <0.001) posed a confounding role of the latter
variable. Using Mentel-Haenszel test, it was shown that there were no
significant differences between 3 times measurement of Mg serum levels
omitting dose-related effect of Mg sulfate administered (P = 0.6).
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Detailed information and results of statistical tests are presented in Table

2.
Table 2
Serum magnesium level and arrhythmia data
Arrhythmia (n)
Total 53 (31.2%)"
AF 12 (7.1%)
Other SVAs 25 (14.7%)
Ventricular 29 (17.1%)
Seurm Mg level (mg/dl)
Beginning of the operation 22(0.5)°
Arrival in ICU 2.6 (0.6)
First postoperative day 2.4 (0.6)
P <0.001
Serum Mg level (mg/dl)
Time 1 | Time 2 Time 3
Arrhythmic group 2.26 2.60 2.49
Non-Arrhythmic group 2.14 2.57 2.37
NS
Serum Mg level (mg/dl)
Time 1 | Time 2 Time 3
Patients with ventricular arrhythmia 2.26 2.60 249
Patients without ventricular arrhythmia 2.14 2.57 2.37
NS
Serum Mg level (mg/dl)
Time 1 | Time2 | Time3™
AF with SVA 1.94 2.34 2.07
AF without SVA 2.26 2.60 2.55
NS
Hypomagnesemic patients (Serum Mg level <1.5 mg/dl) (n)
Beginning of the operation 6 (3.5%)
Arrival in ICU 4 (2.4%)
First postoperative day 2 (1.2%)
Age (yr)
Patients with AF 64 (6.9)
Patients without AF 59.8 (9.3)
P=0.1

AF = Atrial Fibrillation.
SVA = Supraventricular Tachyarrhythmia.
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IC = Intensive Care Uni.

* Some patients had more than one arrhythmia.
** Unspecified numbers in parentheses are SDs.
**% P value for time 3 is 0.068.

Comparing the average age of patients with AF to patients without
AF, showed that the occurrence of AF occurred at higher age, though the
difference was not significant (Table 2). None of the patients with AF
was below 50 years.

There was no relationship between AF arrhythmias and such factors
as history of CHF or COPD, right coronary artery involvement, cross-
clamp time, serum creatinine levels and urine output. There were also no
meaningful correlation between Mg serum levels and creatinine serum
levels or urine output.

Of 12 patients with AF, 5 had other supraventricular arrhythmias
(SVA) especially premature atrial contractions (PAC) previously, but
none had previous ventricular arrhythmias. Comparing Mg serum levels
of these patients on the three designated times showed lower measures in
patients with both AF and SVA but the difference was not significant
(Table 2).

Discussion

In the present study the average age and male to female ratio of
patients studied was lower than many other similar studies'>'*".
Although in other studies™'® occurrence of AF was observed at higher
ages, the difference was not significant (Table 2). Also factors including
history of CHF or COPD, right coronary artery involvement, and cross-
clamp time of the present study had no correlation with AF. Our studies

conform to the studies of Kohno and Neurozler'>"".

Patients Mg serum levels was raised following surgery but the rise
was not beyond normal ranges. Mean Mg serum levels was decreased
again on the first postoperative day, but there was no significant
difference with preoperative levels. In patients whom CPB had been used
during CABG surgery and without having received intra-operative
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supplemental Mg sulfate administered, the postoperative Mg serum levels

was lower than preoperative levels”'™".

There was also decrease of Mg serum levels in the first
postoperative day when a bolus supplemental Mg was administratered®"
in post-CPB period. Various etiologies contribute to decreased Mg serum
levels following CABG: blood dilution of CPB, fall of intracellular Mg
during surgery, following myocardial hypoxia, ionized Mg chellation with
heparin or blood preserving solution in case of allogenic

. 202122
transfustion™ """,

Despite the general agreement on post-CABG decrease in Mg serum
levels, a controversy exists on the role of hypomagnesemia increasing
post-operative arrhythmias and more importantly whether supplemental
Mg sulfate in current common doses, could prevent development of those
arrhythmias after CABG.

The present study showed there was no difference in post-operative
Mg serum levels between patients with AF and those without AF (2.39 vs
2.41). Both groups measures were within normal range.

There was no significant difference between 2™ and 3™ time serum
Mg levels in patients with ventricular arrhythmias (Table 2), though the
Mg serum levels in patients with ventricular arrhythmias was higher than
those without arrhythmia™'®*?**_ As shown in Table 2, the difference
between two groups in 1% time Mg serum levels, (onset of anesthesia,
(2.28 vs. 2.15), was continued in 2™ and 3™ times. In addition, Mg serum
levels was within normal ranges in all cases and hence was of no clinical
importance. Lack of significant difference between two groups in three
times of serum Mg measurement supports this idea.. Furthermore, the
study by Fanning’, one of the most valid and cited studies in post surgical
arrhythmias', has questioned role of Mg sulfate administration in
treatment of ventricular arrhythmias.

The high prevalence rate of hypomagnesemia which is reported as
high as 71% in some references®'> was not confirmed in our study (Table
1); probably due to Mg supplemental administration in cardioplegic
solutions.
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The dose measurement of administered Mg sulfate and determining
its relationship with other variables was one of our objectives. On
average, patients received 2.5g of Mg sulfate (Table 1), with the intake
dose (including that in cardioplegic solutions) ranging between one to six
grams. There were no complaints (except one particular case) of adverse
effects due to rise in Mg serum levels. The maximum Mg serum level in
the studied patients is also affirmative (4 mg/dl in 2™ time and 4.2 mg/dl
in 3" time).

Studies on complications of Mg serum levels rise have shown that
patients develop symptoms when Mg serum levels >4.85 mg/d1*°. It has
also been observed that extra amounts not absorbed into human cells are
excreted in the urine®’. So, one of our exclusion criteria was renal failure
to prevent toxic Mg serum level.

There are a few studies on the role of administration of Mg sulfate
using bolus doses similar to the current study (administering 2-4g after
CPB, excluding amounts of the cardioplegic solution). Evidence has
shown that bolus administration of Mg sulfate in rates and doses as used
in this study, has no adverse effects™. In other studies, using bolus doses
of Mg sulfate, post surgical ventricular dysrythmias was decreased
compared to control group®'**’. It is only the study by England which has
evaluated supraventricular dysrythmias and has emphasized its
relationship with Mg serum levels®, thus emphasizing the importance of
Mg serum levels when compared to the administered Mg doses.

The most prominent difference between the present study and others
is the rate of post-operative AF. In various studies, the rate of AF has
been reported to be from 16 to 42% in non-treated groups and from 20 to

4,7,8,9,10,25,30,31,32 1 1
8202909592 But, there was no  significant

30% in treated groups
difference in development of AF compared to the control groups in
studies using bolus doses of Mg sulfate®”. In the present study, the rate
of AF was much lower than stated and those variation of findings could

be explained as follows:

1) In most other studies done, all cases of AF have been considered,
but in the present study, only cases of AF that required treatment were
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included. Some studies, in which statistics of AF episodes (transient
without treatment) were mentioned separately, have such significant
differences. Wistbacka et al. reported an AF rate of 7% and AF episodes
rate of 24%". In another study, AF rate was 50% of the cases in which
only 36% needed treatment™*.

2) Many studies have reported AF as a part of supraventricular
dysrythmias and did not report it separately. Precise meta-analytic studies
by Alghadmi" and Miller', however, reported all kinds of SVAs under
one category in data compilation.

3) In our study of patients with AF, the exclusion of patients with
isolated valvular or combined valvular and coronary surgery, with renal
failure, and patients with previous history of CABG, could decrease the
overall number of patients with AF.

4) The use of prophylactic methods (B-blockers), improvement of
surgical techniques (by time), routine use of myocardial protection
methods (e.g. using warm colloid cardioplegic solutions), using
antegrade/retrograde methods for myocardial circulation, using various
filters and medications reducing body reaction to CPB, ... Increasing the
speed of surgeries and decreasing duration of CPB and cross-clamping,
could also be effective in lowering rates of AF.

5) Since advanced age and previous history of AF are major risk
factors for development of post surgical AF, the lower mean age of
patients in our study compared to many others, could be another reason
for the low rate of AF in the present study'*".

6) Since all patients were evaluated for just three days post-
operatively because of limitations in monitoring, the cases of AF
occurring after this time, were ignored.

Conclusion

This study shows that there is a relationship between Mg serum
levels and postoperative arrhythmias. The administration of supplemental
doses of Mg sulfate seems to play a protective role against occurrence of
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arrhythmias by maintaining Mg serum levels within normal limits and
preventing hypomagnesemia. These administered amounts, however, do
not cause complications due to the rise in Mg serum levels. It appears that
the administration of supplemental Mg sulfate does not keep Mg serum in
high levels for long time and thus does not prevent AF or other post
CABG surgical arrhythmias.

Based on these results, while the authors do administer supplemental
Mg sulfate for CABG patients, further studies are needed to define more
efficient therapeutic protocols and the pathophysiology of postoperative
dysrythmias, particularly AF, is elucidated.
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Abstract


Introduction: Atrial and ventricular arrhythmias are among the most common complications after coronary artery bypass graft (CABG) surgery. It is known that cardiopulmonary bypass reduces serum magnesium level. In this study, we evaluated the relationship between total blood magnesium level (TMG) and the incidence of perioperative arrhythmias.


Methods: TMG was measured in patients who were scheduled for CABG on three occasions: just before anesthesia, on intensive care unit (ICU) arrival and on the first morning after operation. Patients were evaluated for primary cardiac rhythm, serum creatinine, urine output in operating room and diuretic therapy. Supplemental magnesium (SMG) was also recorded in operating room and ICU. Patients were then evaluated for the rate and kind of arrhythmia occurring during the next 3 days.


Results: Mean TMG level in 170 cases was 2.2 (0.5), 2.6 (0.6) and 2.4 (0.6) mg/dl on three occasions respectively. 53 patients developed post-operative arrhythmia (31%) [Atrial Fibrillation (AF) (7.1%), Non-AF Supraventricular arrhythmia (14.7%) and Ventricular arrhythmia (16.5%)]. Although there was a significant difference between TMG on three occasions (P <0.001), all values were within normal range. Although TMG was higher in arrhythmic patients compared to non- arrhythmics (2.26 vs. 2.14), both values were in normal range and there was no significant difference between two groups.


Discussion: This study shows that routine magnesium administration has no significant effect on serum magnesium level. We conclude that though routine regimen of magnesium administration has no effect on incidence of perioperative arrhythmia, it is probably necessary for maintaining normal magnesium level.


Key words: Arrhythmia, Coronary artery surgery, Magnesium.


Introduction: Atrial and ventricular arrhythmias are among the most common complications after coronary artery bypass graft (CABG) surgery. The occurrence of arrhythmias, especially atrial fibrillation (AF), as the most common of all, does not increase the risk of patients’ mortality, it does, however, increase the length of Intensive Care Unit (ICU) stay and total period of hospitalization1,2.


Risk factors for developing AF consist of: previous history of AF, advanced age, combined valvular and coronary surgery, preoperative congestive heart failure (CHF) or chronic pulmonary disease, Surgical factors include cross-clamp time, bicaval venous cannulation, and pulmonary vein venting3. Further, the protective role of ß-blockers and ACE inhibitors against AF has been recently emphasized4.


Many methods used in the treatment or prevention of post-surgical arrhythmias lack significant effectiveness beside causing various complications5,6. Controversy exists on the effectiveness of magnesium (Mg) sulfate in preventing post surgical arrhythmias. Some studies7,8 have highly emphasized its role in preventing arrhythmias, to others, however, it is questionable9,10,11.


Mg serum levels highly change after CABG surgery, such that the rate of hypomagnesemia after cardiopulmonary bypass (CPB) approaches 70% in some studies12. Hence, Mg serum levels and the administration of Mg sulfate may play a role as anti- arrhythmic factors. Currently, measuring peri-operative levels of serum Mg is not routinely done.


The present study aims at determining the peri-operative Mg serum levels in CABG patients, and its correlation with development of post-surgical atrioventricular arrhythmias. The relationship between doses of administered supplemental Mg and post-surgical arrhythmias is studied as well.


Methods and Materials


Candidates for CABG with normal sinus rhythms were included in the study of 170 patients (116 males, 54 females). Exclusion criteria consisted of: presence of any kind of arrhythmias, valvular heart disease, taking anti-arrhythmic medications, past surgical history of CABG (redo), and renal failure.


Patients Mg serum levels were then measured on the three designated times: re-operatively immediately after anesthesia induction; post-operatively on admission to ICU; and in the morning of first day post-operatively.


Age, sex, past medical history of CHF; COPD, drug history of diuretic consumption, serum creatinine level, and duration of cross clamping in all studied patients were recorded and analyzed. The Mg sulfate administration, prescribed doses in operating room and ICU were separately recorded. The dose of administered Mg during CPB, was in the range of 1 ( 0.2g for all patients.


Patients were monitored for supraventricular and ventricular arrhythmias for 3 days from the time of surgery. During this period, any type of arrhythmias appeared on the monitor was reported by the staff nurse and rechecked by a specialist physician then confirmed by 12 lead ECG. Patients were then divided in two groups: arrhythmic and non- arrhythmic for further assessments. Any adverse effects due to rise in Mg serum levels were recorded.


Data variables comparison was done by parametric and non-parametric tests and their relationship was evaluated using correlation tests. The P-values <0.05 was considered significant for all tests.


Results: Patients details are shown in Table 1.


Table 1
Patients details


		Total (n)

		170



		Men (n)

		116 (68%)



		Women (n)

		54 (32%)



		Age (yr)

		59.9 (9.3)*



		Hx of COPD (n)

		4 (2.5%)



		Hx of CHF (n)

		27 (15.3%)



		RCA involvement (n)

		140 (82.3%)



		Serum creatinine level (mg/dl)

		1.2 (0.31)



		Urine output during surgery (ml)

		1803 (761)



		Cross-clamp time (min)

		49.8 (21)



		Mean administration Supplemental Magensium (g)

		2.6 (1.2)





Hx = History, COPD = Chronic Obstructive Pulmonar Disease, CHF = Congestive Heart Failure, RCA = Right Coronary Artery.


* Unspecified numbers in parentheses are SDs.


Only one patient, in whom the duration of CPB was rather long and a total bolus dose of 6g supplemental Mg sulfate was administered exceptionally, had complications due to rise in Mg serum level. However, 2nd time (on admission to ICU) and 3rd time (1st day post-op) Mg serum levels was reported 3.5 mg/dl and 5.3 mg/dl, respectively. On the 1st day post-operation, the patient had weakness and hypotension which could be explained by long duration of CPB and post-operative inotrope intake besides high Mg serum level.


53 (i.e. 31.2%) had at least one type of arrhythmia. Mg serum levels in non-arrhythmic group were higher than the arrhythmic one. Although there was a significant difference (P <0.001) in 1st and 3rd time mg serum levels, the correlation between Mg serum levels and administered Mg sulfate dose (r = 0.37, P <0.001) posed a confounding role of the latter variable. Using Mentel-Haenszel test, it was shown that there were no significant differences between 3 times measurement of Mg serum levels omitting dose-related effect of Mg sulfate administered (P = 0.6). Detailed information and results of statistical tests are presented in Table 2.


Table 2
Serum magnesium level and arrhythmia data


		Arrhythmia (n)



		Total

		53 (31.2%)*



		AF

		12 (7.1%)



		Other SVAs

		25 (14.7%)



		Ventricular

		29 (17.1%)



		Seurm Mg level (mg/dl)



		Beginning of the operation

		2.2 (0.5)**



		Arrival in ICU

		2.6 (0.6)



		First postoperative day

		2.4 (0.6)



		

		P <0.001



		Serum Mg level (mg/dl)

		



		

		Time 1

		Time 2

		Time 3



		Arrhythmic group

		2.26

		2.60

		2.49



		Non-Arrhythmic group

		2.14

		2.57

		2.37



		

		

		

		NS



		Serum Mg level (mg/dl)



		

		Time 1

		Time 2

		Time 3



		Patients with ventricular arrhythmia

		2.26

		2.60

		2.49



		Patients without ventricular arrhythmia

		2.14

		2.57

		2.37



		

		

		

		NS



		Serum Mg level (mg/dl)

		



		

		Time 1

		Time 2

		Time 3***



		AF with SVA

		1.94

		2.34

		2.07



		AF without SVA

		2.26

		2.60

		2.55



		

		

		

		NS



		Hypomagnesemic patients (Serum Mg level <1.5 mg/dl) (n)



		Beginning of the operation

		6 (3.5%)



		Arrival in ICU

		4 (2.4%)



		First postoperative day

		2 (1.2%)



		Age (yr)

		



		Patients with AF

		64 (6.9)



		Patients without AF

		59.8 (9.3)



		

		P = 0.1





AF = Atrial Fibrillation.


SVA = Supraventricular Tachyarrhythmia.


IC = Intensive Care Uni.


* Some patients had more than one arrhythmia.


** Unspecified numbers in parentheses are SDs.


*** P value for time 3 is 0.068.


Comparing the average age of patients with AF to patients without AF, showed that the occurrence of AF occurred at higher age, though the difference was not significant (Table 2). None of the patients with AF was below 50 years.


There was no relationship between AF arrhythmias and such factors as history of CHF or COPD, right coronary artery involvement, cross-clamp time, serum creatinine levels and urine output. There were also no meaningful correlation between Mg serum levels and creatinine serum levels or urine output.


Of 12 patients with AF, 5 had other supraventricular arrhythmias (SVA) especially premature atrial contractions (PAC) previously, but none had previous ventricular arrhythmias. Comparing Mg serum levels of these patients on the three designated times showed lower measures in patients with both AF and SVA but the difference was not significant (Table 2).


Discussion


In the present study the average age and male to female ratio of patients studied was lower than many other similar studies13,14,15. Although in other studies3,16 occurrence of AF was observed at higher ages, the difference was not significant (Table 2). Also factors including history of CHF or COPD, right coronary artery involvement, and cross-clamp time of the present study had no correlation with AF. Our studies conform to the studies of Kohno and Neurozler13,17.


Patients Mg serum levels was raised following surgery but the rise was not beyond normal ranges. Mean Mg serum levels was decreased again on the first postoperative day, but there was no significant difference with preoperative levels. In patients whom CPB had been used during CABG surgery and without having received intra-operative supplemental Mg sulfate administered, the postoperative Mg serum levels was lower than preoperative levels9,18,19.


There was also decrease of Mg serum levels in the first postoperative day when a bolus supplemental Mg was administratered8,19 in post-CPB period. Various etiologies contribute to decreased Mg serum levels following CABG: blood dilution of CPB, fall of intracellular Mg during surgery, following myocardial hypoxia, ionized Mg chellation with heparin or blood preserving solution in case of allogenic transfustion20,21,22.


Despite the general agreement on post-CABG decrease in Mg serum levels, a controversy exists on the role of hypomagnesemia increasing post-operative arrhythmias and more importantly whether supplemental Mg sulfate in current common doses, could prevent development of those arrhythmias after CABG.


The present study showed there was no difference in post-operative Mg serum levels between patients with AF and those without AF (2.39 vs 2.41). Both groups measures were within normal range.


There was no significant difference between 2nd and 3rd time serum Mg levels in patients with ventricular arrhythmias (Table 2), though the Mg serum levels in patients with ventricular arrhythmias was higher than those without arrhythmia9,18,23,24,25. As shown in Table 2, the difference between two groups in 1st time Mg serum levels, (onset of anesthesia, (2.28 vs. 2.15), was continued in 2nd and 3rd times. In addition, Mg serum levels was within normal ranges in all cases and hence was of no clinical importance. Lack of significant difference between two groups in three times of serum Mg measurement supports this idea.. Furthermore, the study by Fanning9, one of the most valid and cited studies in post surgical arrhythmias15, has questioned role of Mg sulfate administration in treatment of ventricular arrhythmias.


The high prevalence rate of hypomagnesemia which is reported as high as 71% in some references8,12 was not confirmed in our study (Table 1); probably due to Mg supplemental administration in cardioplegic solutions.


The dose measurement of administered Mg sulfate and determining its relationship with other variables was one of our objectives. On average, patients received 2.5g of Mg sulfate (Table 1), with the intake dose (including that in cardioplegic solutions) ranging between one to six grams. There were no complaints (except one particular case) of adverse effects due to rise in Mg serum levels. The maximum Mg serum level in the studied patients is also affirmative (4 mg/dl in 2nd time and 4.2 mg/dl in 3rd time).


Studies on complications of Mg serum levels rise have shown that patients develop symptoms when Mg serum levels >4.85 mg/dl26. It has also been observed that extra amounts not absorbed into human cells are excreted in the urine27. So, one of our exclusion criteria was renal failure to prevent toxic Mg serum level.


There are a few studies on the role of administration of Mg sulfate using bolus doses similar to the current study (administering 2-4g after CPB, excluding amounts of the cardioplegic solution). Evidence has shown that bolus administration of Mg sulfate in rates and doses as used in this study, has no adverse effects28. In other studies, using bolus doses of Mg sulfate, post surgical ventricular dysrythmias was decreased compared to control group8,19,29. It is only the study by England which has evaluated supraventricular dysrythmias and has emphasized its relationship with Mg serum levels8, thus emphasizing the importance of Mg serum levels when compared to the administered Mg doses.


The most prominent difference between the present study and others is the rate of post-operative AF. In various studies, the rate of AF has been reported to be from 16 to 42% in non-treated groups and from 20 to 30% in treated groups4,7,8,9,10,25,30,31,32. But, there was no significant difference in development of AF compared to the control groups in studies using bolus doses of Mg sulfate8,33. In the present study, the rate of AF was much lower than stated and those variation of findings could be explained as follows:


1) In most other studies done, all cases of AF have been considered, but in the present study, only cases of AF that required treatment were included. Some studies, in which statistics of AF episodes (transient without treatment) were mentioned separately, have such significant differences. Wistbacka et al. reported an AF rate of 7% and AF episodes rate of 24%33. In another study, AF rate was 50% of the cases in which only 36% needed treatment34.


2) Many studies have reported AF as a part of supraventricular dysrythmias and did not report it separately. Precise meta-analytic studies by Alghadmi15 and Miller14, however, reported all kinds of SVAs under one category in data compilation.


3) In our study of patients with AF, the exclusion of patients with isolated valvular or combined valvular and coronary surgery, with renal failure, and patients with previous history of CABG, could decrease the overall number of patients with AF.


4) The use of prophylactic methods (ß-blockers), improvement of surgical techniques (by time), routine use of myocardial protection methods (e.g. using warm colloid cardioplegic solutions), using antegrade/retrograde methods for myocardial circulation, using various filters and medications reducing body reaction to CPB, ... Increasing the speed of surgeries and decreasing duration of CPB and cross-clamping, could also be effective in lowering rates of AF.


5) Since advanced age and previous history of AF are major risk factors for development of post surgical AF, the lower mean age of patients in our study compared to many others, could be another reason for the low rate of AF in the present study14,15.


6) Since all patients were evaluated for just three days post-operatively because of limitations in monitoring, the cases of AF occurring after this time, were ignored.


Conclusion


This study shows that there is a relationship between Mg serum levels and postoperative arrhythmias. The administration of supplemental doses of Mg sulfate seems to play a protective role against occurrence of arrhythmias by maintaining Mg serum levels within normal limits and preventing hypomagnesemia. These administered amounts, however, do not cause complications due to the rise in Mg serum levels. It appears that the administration of supplemental Mg sulfate does not keep Mg serum in high levels for long time and thus does not prevent AF or other post CABG surgical arrhythmias.


Based on these results, while the authors do administer supplemental Mg sulfate for CABG patients, further studies are needed to define more efficient therapeutic protocols and the pathophysiology of postoperative dysrythmias, particularly AF, is elucidated.


Acknowledgement


The authors wish to thank the operating room and the intensive care nursing staff for their support. This study was financially supported by the Endocrinology and Metabolism Research Center, Tehran University of Medical Sciences.


References


1.
Mathew JP, Parks R, Savino JS, Friedman AS, Kock C, Mangano DT, et al: Atrial fibrillation following coronary artery bypass graft surgery. JAMA; 276:300, 1996.


2.
Creswell LL, Scheussler RB, Rosenbloom M, Cox JL: Hazards of postoperative atrial arrhythmias. Ann Thorac Surg; 56:539, 1993.


3.
Balser JR: Pharmacologic management of arrhythmias. In: Estafanous FG, Barash PG, Reves JG (editors). Cardiac Anesthesia: Principles and Clinical Practice. 2nd edition. Lippincott Williams & Wilkins, Philadelphia, 103:116, 2001.


4.
Mathew JP, Fontes ML, Tudor IC, Ramsay J, Duke P, Mazer CD, et al: A multicenter risk index for atrial fibrillation after cardiac surgery. JAMA; 291(14):1720-9, 2004.


5.
Rubin DA, Nieminski KE, Reed GE, Herman MV: Predictors, prevention and long term prognosis of atrial fibrillation after coronary artery bypass graft operations. J Thorac Cardiovasc Surg; 94:331-5, 1987.

6.
Andrews TC, Reimold SC, Berlin JA, Antman EM: Prevention of supraventricular arrhythmias after coronary artery surgery: a meta-analysis of randomized control trials. Criculation; 84(Suppl 5):236-44, 1991.


7.
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; 72:1256-62, 2001.


8.
England MR, Gordon G, Salem M, Chernow B: Magnesium administration and dysrhythmias after cardiac surgery. JAMA; 268:2395-402, 1992.


9.
Fanning WJ, Thomas CS, Roach A, Tomicheck R, Alford WC, Stoney WS: Prophylaxis of atrial fibrillation with magnesium sulfate after coronary artery bypass grafting. Ann Thorac Surg; 52:529-33, 1991.


10.
Kaplan M, Kut MS, Icer UA, demirtas MM: Intravenous magnesium sulfate prophylaxis for atrial fibrillation after coronary artery bypass surgery. J Thorac Cardiovasc Surg; 125:344-52, 2003.


11.
Parikka H, Toivonen L, Pellinen T, Verkkala K, Jarvinen A, Nieminen MS: The influence of intravenous magnesium sulphate on the occurrence of atrial filorillation after coronary artery by-pass operation. Eur Heart J; 14(2):251-8, 1993.


12.
Aglio LS, Stanford GG, Maddi R, Boyd JL 3rd, Nusbaum S, Chernow B: Hypomagnesemia is common following cardiac surgery. J Cardiothoracic Anesth; 5:201-8, 1991.


13.
Kohno H, Koyanagi T, Kasegawa H, Miyazaki M: Three-day magnesium administration prevents atrial fibrillation after coronary artery bypass grafting. Ann Thorac Surg; 79(1):117-26, 2005.


14.
Miller S, Crystal E, Garfinkle M, Lau C, Lashevsky I, Connolly SJ: Effects of magnesium on artrial fibrillation after cardiac surgery: a meta-analysis. Heart; 91:618-23, 2005.


15.
Alghadmi A, Al-Radi O, Latter D: Intravenous magnesium for prevention of atrial fibrillation after coronary artery bypass surgery: a systematic review and meta-analysis. J Card Surgery; 20:293-99, 2005.


16.
Aranki SF, Shaw DP, Adams DH, Rizzo RJ, Cooper GS, Vander Vliet M, et al: Predictors of atrial fibrillation after coronary artery surgery. Current trends and impact on hospital resources. Circulation; 94(3):390-97, 1996.


17.
Nurozler F, Tokgozoglu L, Pasaoglu I, Boke E, Ersoy U, Bozer AY: Atrial fibrillation after coronary artery bypass surgery: predictors and the role of MgSO4 replacement. J Card Surg; 11(6):421-27, 1996.


18.
Karmy-Jones R, Hamilton A, Dzavic V, Allegreto M, Finegan B, Koshal A: Magnesium sulfate prophylaxis after cardiac operation. Ann Thorac Surg; 59(2):502-7, 1995.


19.
Harris MNE, Crowther A, Jupp RA, Aps C: Magnesium and coronary revascularization. Br J Anaesth; 60:779-83, 1988.


20.
Satur CMR, Anderson JR, Jennings A, Newton K, Martin PG, Nair U, Walker DR: Magnesium flux caused by coronary artery bypass operation: three patterns of deficiency. Ann Thorac Surg; 58:1974-78, 1994.


21.
Munoz R, Laussen PC, Palacio G, Zienko L, Piercy G, Wessel D: Whole blood ionized magnesium: age-related differences in normal values and clinical implications of ionized hypomagnesemia in patients undergoing surgery for cardiac disease. J Thorac Cardiovasc Surg; 119:891-8, 2000.


22.
Millane TA, Ward DE, Camm AJ: Electrophysiology, pacemaking, and arrhythmia: is hypomagnesemia arrhythmogenic? Clin Cardiol; 15:103-8, 1992.


23.
Caspi J, Rudis E, Bar I, Safadi T, Saute M: Effects of magnesium on myocardial function after coronary artery bypass grafting. Ann Thorac Surg; 59:942-7, 1995.


24.
Gomey MN: Magnesium and cardiovascular disease. Anesthesiology; 89:222-40, 1998.


25.
Colquhoun IW, Berg GA, El-Fiky M, Hurle A, Fell GS, Wheatley DJ: Arrhythmia prophylaxis after coronary artery surgery. A randomized controlled trial of intravenous magnesium chloride. Eur J Cardiothorac Surg; 7:520-23, 1993.


26.
Shirey TL: Monitoring magnesium to guide magnesium therapy for heart surgery. J Anesth; 18:118-28, 2004.


27.
Herbert P, Mehta N, Wang J, Hindmarsh T, Jones G, Cardinal P: Functional magnesium deficiency in critically ill patients identified using a magnesium-loading test. Crit Care Med; 25(5):1-11, 1997.


28.
Brusco L: Magnesium homeostasis in the operating room and intensive care unit. In: Eisenkraft JB (ed) Progress in Anesthesiology VIII, chapter 3. WB Saunders, Philadelphia, 47-56, 1994.


29.
Yurvati AH, Sanders SP, Dullye LJ, Carney MP, Archer RL, Korro PP: Anti-arrhythmic response to intravenously administered magnesium after cardiac surgery. South Med J; 85:714-7, 1992.


30.
Yeatman M, Caputo M, Narayan P, Lotto AA, Ascione R, Bryan AJ, Angelini GD: Magnesium-Supplemented warm blood cardioplegia in patients undergoing coronary artery revascularization. Ann Thorac Surg; 73:112-8, 2002.


31.
Forlani S, De Paulis R, De Notaris S, Nardi P, Tomai F, Proietti I, et al: Combination of Sotalol and magnesium prevents atrial fibrillation after coronary artery bypass grafting. Ann Thorac Surg; 74(3):720-5, 2002.


32.
Hazelrigg SR, Boley TM, Cetindag IB, Moulton KP, Trammell GL, Polancic JE, et al: The efficacy of supplemental magnesium in reducing atrial fibrillation after coronary artery bypass grafting. Ann Thorac Surg; 77(3):824-30, 2004.


33.
Wistbacka JO, Koistinen J, Karlqvist KE, Lepojarvi MV, Hanhela R, Laurila J, et al: Magnesium substitution in elective coronary artery surgery: a double-blind clinical study. J Cardiothoracic Vasc Anesth; 9:140, 1995.


34.
Kaman JM, Munawar M, Howes LG, Louis WJ, Buxton BF, Gutteridge G, Tonkin AM: Atrial fibrillation after coronary artery bypass grafting is associated with sympathetic activation. Ann Thorac Surg; 60(6):1709-15, 1995.

35.
Rose MR, Glassman E, Spencer FC: Arrhythmias following cardiac surgery: relation to serum digoxin levels. Am Heart J; 89(3):288-94, 1975.


























































































































From Tehran Heart Center, Tehran Univ. of Medical Sciences, Tehran, Iran.



*	MD, Anesthesiologist, Assist. Prof.



**	MD, Anesthesiologist.



***	MD, Cardiac Surgeon, Assist. Prof.



	Corresponding author: Mahdi Najafi MD, Tehran Heart Center, North Kargar Ave. P.O. Box: 1411713138, Tehran, Iran. E-mail: najafik@sina.tums.ac.ir. Tel: 98(21)88029674, Fax: 98(21)88029724.







661


M.E.J. ANESTH 19 (3), 2007




