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Background: Generally, the electrolyte abnormalities are seen in many hospitalized patients, and this 
problem increases in ones with heart diseases. The purpose of this study is determination of the prevalence 
of electrolyte abnormalities during the coronary artery bypass surgery (CABG) and detecting the relationship 
between these abnormalities with the complications after the surgeries.
Materials and Methods: This is a cross-sectional study, which is done in Chamran hospital, the medical and 
educational center of Isfahan, Iran, in 2011. The target population included the patients who have undergone 
CABG in this hospital. In this study, 100 patients who had been candidates for CABG were selected, and we 
extracted their recorded intra-operative electrolyte information. The collected data was entered into the 
computer and analyzed by SPSS software. The Chi-square and t student tests were used for data analysis.
Results: The mean ± SD of sodium during CABG was 137.95  ±  4.6 (range 127-152) mg\dl. Also, the 
mean ± SD of potassium was 4.65 ± 0.9 (range: 2.9-7.4). According to these results, 48 patients (48% of all) 
had electrolyte imbalance and 52 patients (52% of all) were normal. Sodium level in 71% of patients was 
normal, and in 29% of them was abnormal. Potassium level in 73% of individuals was normal, and in 27% 
of them was abnormal.
Conclusion: Giving an attention to electrolyte abnormalities in patients who have undergone CABG surgery 
is a considerable necessity for them, and sufficient arrangements are needed to prevent such abnormalities.
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Investigating the relationship between intra-operative 
electrolyte abnormalities (sodium and potassium) with 
post- operative complications of coronary artery bypass 
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INTRODUCTION

One of the greatest advances in the angina 
treatment is CABG surgery. The word bypass 
means by-way, since the bypass surgery removes 
the legs or chest artery and uses those as a bypass 
for blocked coronary artery, so the surgery has been 
named bypass.[1-3] Like any other surgery, there is 
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a series of complications during and after CABG 
surgery. The most important complications that 
may occur in patients are including, MI, pulmonary 
edema and pulmonary embolism, bleeding, pleural 
effusion, pneumothorax, hemothorax, infection, 
kidney failure, CVA, and electrolyte imbalances.[4-8] 
Electrolyte abnormalities are common disorders 
during coronary artery bypass surgery, so that the 
potassium disorders are seen in more than 20% 
of hospitalized patients.[8] Although potassium 
disorders are usually well tolerated in healthy 
people, it can be life-threatening in severity. Even 
mild and moderate hypokalemia also increases the 
risk of morbidity and mortality in cardiovascular 
patients.[9] In patients with various heart problems, 
mild to moderate disorders of potassium can also 
increase the probability of cardiac arrhythmias[10] 
and causes systolic and diastolic pressure increase.[11] 
As we know, hypokalemia increases the resting 
membrane potential and decreases the excitability of 
cells which increases the ability of cells to re-entry, a 
similar mechanism that there is in atrial fibrillation 
and flutter.[5] Arrhythmias after cardiac surgery are 
numerous and multi-factorial[6] It has been found 
in other studies that atrial fibrillation and other 
complications can result in unpleasant consequences 
such as thrombo-embolic events, hemodynamic 
disorders, increasing ICU hospitalization and costs, 
and the most importantly, they can lead to morbidity 
and mortality increase.[7] Sodium disorders as well 
as other complications are possible problems in 
coronary artery bypass surgery. Sodium is one of the 
important electrolytes to maintain blood pressure in 
normal level and proper functioning of nerve- muscle. 
Hypernatremia causes water penetration into the 
cells that cause cell swelling and other symptoms 
such as dizziness, loss of consciousness, convulsions, 
and, in severity, coma will happen. Brain herniation 
and death are the other possible complications. In 
one study, 7/9% of ICU inpatients ward have suffered 
hypernatremia.[16] Hyponatremia refers to reduction 
of blood sodium level under the normal value, so it 
can affect the brain cells and cause coma or death, 
especially in children and older people.[10] The purpose 
of this study is determination of relationship between 
intra-operative electrolyte imbalances (sodium and 
potassium) with outcomes and complications after 
coronary artery bypass surgery (CABG).

MATERIALS AND METHODS

This is a cross-sectional study, which is done in 
Chamran hospital, the medical and educational center 
of Isfahan, Iran, in 2011. The study population consisted 
of patients who were candidates for CABG (coronary 
artery bypass grafting) surgery during one year. Entry 

criteria included patients undergoing CABG, no pre-
operative electrolyte disorder, no operation of aortic 
balloon pump before surgery, no risk of coagulation 
disorder, and no requirement of emergency surgery. 
Exclusion criteria included patients’ death during 
surgery or before ICU admission. The sample size that 
is needed for this study was brought 96 patients, for 
more confidence, 100 patients who were candidates 
for CABG were selected and surveyed for electrolyte 
imbalances. This sampling method was simple, and 
patients who were appropriate, according to the entry 
criteria, elected consecutively until the sample volume 
reached its sufficient level.

For all patients who had undergone CABG surgery, 
there were recorded experiments of electrolyte values 
in their cases. The electrolyte (sodium and potassium) 
values were measured 10 minutes after pump removal. 
These values were extracted and recorded in specific 
checklist again.

Furthermore, patients had been evaluated for the 
incidence of hyponatremia or hypernatremia and 
hypokalemia or hyperkalemia, and the statistical 
results based on the amount of disorders and the 
numbers of patients were reported. By reading the 
cases of patients, it became clear which of the post-
operative complications, including arrhythmias, 
bleeding, acid-base disturbances, cardiac arrest, and 
re-intubation requirement and the post-operative 
outcomes which including mortality, length of stay 
in ICU (The time of ICU admission until discharge), 
duration of mechanical ventilation (i.e.,  when the 
ventilator is connected to the patient on arrival, when 
the ventilator is removed. The patient is separated 
from the ventilator, if he is fully conscious, ABG is 
acceptable, hemodynamic is stable, has no active 
bleeding, saturation po2 is above 95%, TV should be 
at least 5 cc/kg, RR is between 12-18, urine output is 
acceptable), they have experienced. The data entered 
into computer and analyzed by SPSS18 soft ware. 
The Chi-square and student t tests were used for data 
analysis.

RESULTS

In this study, 100  patients undergoing coronary 
artery bypass surgery were selected. The average 
age of these patients was 9/4  ±  60/8  years, range 
37-79 years. 52 patients were female and 48 were male. 
The average age of men and women, respectively, was 
9/7 ± 60/4 and 9/2 ± 61/2 years. According to t test, 
there was no significant difference between sexes 
(P  =  0.65). Patient’s occupations were as follows: 
11 workers, 22 crew, 1 employee, 52 housewives, and 
14 retired people. The mean ± SD of natrium during 
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CABG was 137.95  ±  4.6 (range 127-152) mg\dl. 
Also, the mean ± SD of potassium was 4.65  ±  0.9 
(range: 2.9-7.4). According to this results, 48  (48%) 
had electrolytes imbalances and 52 (52%) were normal. 
Natrium level in 71% was normal and in 29% was 
abnormal. Potassium level in 73% was normal and 
in 27% was abnormal [Figure  1]. According to the 
results, 18 women and 11 men had sodium’s disrupted 
level (34/6% Vs. 22/9%). But, the Chi-square test had 
shown that there was no significant difference between 
the sexes (P = 0.2), and also 14 men and 13 women 
had imbalance of blood potassium level (26/9% Vs. 
27/1%), According to the test, there was no significant 
difference between the sexes (P = 0.2) [Table 1].

The average length of ICU care stay in all patients was 
1 ± 2/4 days. The minimum and maximum duration 
was respectively, 1 and 8  days. The mean length 
of ICU stay in patients with electrolyte disorders 
was 1/2  ±  2/67 and in patients without electrolyte 
abnormalities was 0/5 ± 2/17 days. T test had shown 
that differences between groups was significant 
(P = 0.008) [Table 2].

During the study period, 4 patients died; 1 of them 
was without electrolyte imbalances and 3  patients 
were with electrolyte imbalances (1/9% Vs. 6/3%), but 
according to Fisher’s exact test, frequency distribution 
of mortality in both groups- infected and non-infected 
patients- had no significant electrolyte abnormalities 
(P = 0.35).

The duration of mechanical ventilation in total patients 
was 5/8 ± 8/82 hr with the range of 1-50 hr. The mean 
duration of mechanical ventilation in patients with 
and without non-electrolyte disorder, respectively, 
was 7/5 ± 9/5 and 3/6 ± 8/18 minutes; t-test observed 
no significant differences between groups (P = 0.26). 
In Figure 2, the distribution of duration of mechanical 
ventilation in these two groups is shown.

During surgery, 31 patients were with arrhythmia, 
13  patients were bleeding, and 8  patients suffered 
cardiopulmonary arrest. Arrhythmia in patients 
without and with non-electrolyte disorder was 39/6% 

and 23/1%; the Chi-square test observed significant 
differences between groups (P = 0.09). The incidence 
of bleeding in these two groups, respectively, was 
8/3% and 17/3%; the above test showed that there 
was no significant difference between the two groups. 
Also, 1 patient of no abnormality electrolyte group 
and 7  cases of electrolyte abnormalities group had 
arrested. (1/9% vs. 14/6%), and the Fisher exact test 
was the significant relation between the two difference 
groups (P = 0.023). The results are shown in Table 3.

DISCUSSION

The goal of this study was determination of the 
relationship between intra-operative electrolytes 
imbalance (sodium and potassium) with outcomes and 
complications after coronary artery bypass surgery 
(CABG) at one year. In our study, 100  patients 
undergoing coronary artery bypass surgery were 
studied with 60/8 ± 9/4 mean age of years, but 11% 
of them were less than 50  years, which indicates 
a considerable change in the epidemiology of 
cardiovascular diseases.

Figure 1: Percentage of normal and abnormal sodium and potassium 
in patients under study

Figure 2: Median, 25% and 75% percentile of the amplitude and 
duration of mechanical ventilation

Table 1: The frequency distribution of sodium and potassium 
disturbances in terms of gender

P valueMaleFemale Sex 
level

Elements
NumberPercentNumberPercent

0.23777/13465/4NormalSodium
1122/91834/6Abnormal

0.23572/93873/1NormalPotassium
1327/11426/9Abnormal

Table 2: Standard deviation and mean stay in ICU based on the 
presence and absence of electrolyte disturbances

P valueStandard 
deviation (SD)

Mean stay 
in ICU 

Electrolyte 
disturbances

0.0081/22/67Is
./52/17No
12/4Overall
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According to the results, 48% of patients had 
electrolyte imbalances; 21% in sodium level, 19% in 
potassium level, and 8% had disorder in both sodium 
and potassium levels. The data shows that electrolyte 
abnormalities in patients undergoing CABG are 
serious and significant disorders, and according to 
some articles, which stated that a large percentage 
of electrolyte-disorder patients would be died, precise 
and more controlling of sodium and potassium levels 
during the surgery should be performed to prevent 
this unpleasant event. This issue is not allocated to 
our patients only, and generally electrolyte disorders 
are common during the CABG surgeries.

In our study, 4 patients died; 3 of them had electrolyte 
disorders. In our study, the incidence of mortality was 
4%, considered high and significant.

Arrhythmia after heart surgery has got a high 
prevalence, and it is multifactorial.[6] Several studies 
have shown that electrolyte abnormalities can also lead 
to serious and significant post-operative complications 
such as arrhythmia in CABG patients.[12-15] In our 
study, 31% suffered from arrhythmia, 13% had 
bleeding, and 8% encountered cardiopulmonary arrest. 
Arrhythmia in patients with electrolyte disorder was 
39/6% and in non-electrolyte-disorder patients was 
23/1%. Despite the significant difference of disorder 
between the two groups, it did not reach the level 
of statistical difference. The bleeding incidence 
in these two groups, respectively, was 8/3% and 
17/3%; the difference between two groups was not 
statistically significant. Also, among the 8  patients 
with cardiovascular arrest, 7 of them had electrolyte 
imbalances and, therefore, the difference between two 
groups was statistically significant.

Other studies have also shown that atrial fibrillation 
and other complications listed before can result 
unpleasant consequences such as thrombo-embolic 
events, hemodynamic disorders, increased duration of 
hospitalization in the ICU, increased costs, and most 
importantly, increased mortality and morbidity.[7] In 
our study, the mean length of ICU stay in patients 
with electrolyte disorders was 2/67 ± 1/2 days and in 
non-electrolyte-disorder patients was 2/17 ± 0/5 days, 

and the difference between these two groups was 
statistically significant. Therefore, in addition to the 
increase of morbidity and mortality, the electrolyte 
disorders can lengthen the duration of hospitalization 
and consequently, hospital expenses are increased and 
the patient and his family would be under pressure, 
economically and psychologically.

All the statistics represent the important role of intra-
operative electrolyte imbalances in post-operative 
complications in CABG patients.
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