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Abstract

Background: Coronary artery bypass grafting (CABG) surgery is a treatment option for coronary artery diseases. Cardiac arrhyth-
mias during CABG surgery can lead to serious complications. Potassium ion concentration is a factor involved in such arrhythmias.
Objectives: This study aimed to investigate the relationship between potassium concentration and cardiac arrhythmias in CABG
surgery.
Methods: This descriptive cross-sectional study was performed on 60 patients with the American Society of Anesthesiologists class
I, II, and III undergoing CABG surgery at Golestan Hospital, Ahvaz, Iran. All patients underwent general anesthesia, and ventilator
control was achieved by mechanical ventilation. The on-pump method was used for CABG. Potassium levels were measured at several
time points during surgery. All cardiac arrhythmias were recorded. Mean arterial pressure (MAP), serum level of potassium, blood
sugar, blood urea nitrogen (BUN), creatinine, calcium, magnesium, hemoglobin (Hb), and sodium were also recorded.
Results: The mean age of the patients was 60.87±7.35 years, and 45% of the subjects were female. Moreover, there was no statistically
significant difference between the patients. There was a significant relationship between the changes in MAP, potassium, blood
sugar, BUN, creatinine, calcium, and magnesium with the incidence of cardiac arrhythmias (P < 0.05). However, no significant
relationship was noted between Hb and sodium levels with the incidence of cardiac arrhythmias (P < 0.05).
Conclusions: The changes in potassium levels increase the risk of cardiac arrhythmias and their complications.
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1. Background

Coronary artery bypass grafting (CABG) is a common
therapeutic intervention with several postoperative com-
plications, including electrolyte disturbances. Electrolyte
disturbances are key factors in the occurrence of cardiac
arrhythmias; therefore, it is essential to check serum elec-
trolytes several times in the first 24 hours and at least once
a day thereafter to prevent them. According to studies, the
most common postoperative electrolyte disturbances are
potassium abnormalities (1-3).

Potassium can affect the activity of skeletal and cardiac
muscles. Any change in potassium concentration changes
the excitability and rhythm of the cardiac muscle. Average
potassium concentration varies within 3.5 - 5 mEq/L accord-
ing to the needs of the body and under the influence of the
sodium-potassium pump (4, 5).

Another common complication after CABG is the oc-
currence of supraventricular arrhythmias, reported up to
40%. Although supraventricular arrhythmias are benign
and controllable, they can lead to dangerous complica-
tions, such as stroke. Electrolyte imbalance plays a role in
postoperative arrhythmias. Moreover, to prevent the oc-
currence of these arrhythmias, serum electrolytes should
be measured regularly after the operation, checking for hy-
per/hypokalemia, hypomagnesemia, hyponatremia, and
hypocalcemia (6-8).

Problems that occur in the early hours after CABG are
acute and critical. Various risk factors affect the mortality
rate and postoperative complications (9). Old age, gender,
emergency surgery, preoperative myocardial infarction,
cardiac output, ejection fraction (EF), number of affected
vessels, underlying diseases, previous surgery, history of
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heart failure, history of lung disease, surgeon skills, dura-
tion of cardiac and respiratory pump use, body mass index
(BMI), smoking, duration of surgery, duration of aortic oc-
clusion, intraoperative temperature, duration of mechani-
cal ventilation after surgery, and administration of cardio-
vascular and vasoactive drugs are some of the factors asso-
ciated with postoperative electrolyte disorders (10-16).

The prevalence of cardiovascular diseases, especially
coronary artery disease, is high. Furthermore, the most
common therapeutic intervention in these patients is
CABG. Moreover, there is a variety and distribution of com-
plications and differences in their occurrence in patients
undergoing CABG in several studies. Due to the aforemen-
tioned three factors, this study was designed to determine
the extent of potassium disorders in patients undergoing
CABG.

2. Objectives

This study aimed to investigate the relationship be-
tween potassium concentration and cardiac arrhythmias
in CABG surgery.

3. Methods

This descriptive cross-sectional study was performed
on 60 patients undergoing CABG in Golestan Hospital, Ah-
vaz, Iran, after obtaining the necessary permits from the
Ethics Committee of Anesthesiology and Pain Research
Center, Ahvaz Jundishapur University of Medical Sciences,
Ahvaz, Iran (IR.AJUMS.HGOLESTAN.REC.1399.060). The in-
clusion criteria consisted of patients scheduled for elec-
tive CABG surgery, the American Society of Anesthesiolo-
gists (ASA) class I, II, or III, absence of significant renal and
hepatic problems, absence of any arrhythmia on the last
electrocardiogram (ECG), and BMI less than 35 kg/m2. Pa-
tients with known electrolyte disorders before the surgery,
known arrhythmias, need for emergent interventions, and
an EF of less than 35% were excluded from the study.

After obtaining the approval of the proposal, permis-
sion from the Ethics Committee of Ahvaz Jundishapur Uni-
versity of Medical Sciences, and informed consent from pa-
tients who were candidates for CABG surgery, all eligible
patients entered the study. The procedure was explained to
the patients, and then the patients were visited by a cardiac
surgery anesthesia fellowship. After the establishment of
a safe line for surgery, the patients were transferred to the
operating room. All patients with ASA class I, II, or III were
included in the study.

All patients received 7 cc/kg of normal saline before
induction. In preoperative evaluations, age, gender, BMI,
smoking status, medical history of cardiovascular dis-
eases (including hypertension, atrial fibrillation, conges-
tive heart failure, and previous ischemic heart disease
or CABG intervention), antihypertensive medication (eg,
angiotensin-converting enzyme inhibitors, beta blockers,
and calcium channel blockers), and history of insulin-
dependent gestational diabetes (in female patients) were
reassessed. Vital signs were assessed by ECG monitoring,
pulse oximetry, and invasive blood pressure measurement
through the arterial catheter during surgery. Intraopera-
tive events, including hypotension (30% reduction in base-
line mean arterial pressure [MAP] for longer than 5 min-
utes), MAP < 60 mmHg, and tachycardia (increase in the
heart rate more than 30 bpm from the baseline heart rate
for longer than 5 minutes), were recorded by anesthesia
charts. Intraoperative bleeding volume (mL) and fluid bal-
ance during the first 24 hours after surgery were assessed
to ensure basal blood pressure.

All patients underwent general anesthesia by a similar
method (midazolam 0.25 mg/kg, fentanyl 3 µg/kg, etomi-
date 0.4 mg/kg, and cisatracurium 0.25 mg/kg). Anesthesia
was maintained with midazolam 0.15 mg/kg/h, fentanyl 6
µg/kg/h, and cisatracurium 0.25 mg/kg/h infusion. Venti-
lation control was achieved using a mechanical ventilator
maintained at 35 - 45 mmHg carbon dioxide pressure. The
blood samples were taken for blood gas analysis and lab-
oratory tests for potassium, sodium, magnesium, calcium,
blood urea nitrogen (BUN), creatinine, and blood sugar lev-
els at different time points, including before induction of
anesthesia, after induction of anesthesia, before cardiopul-
monary bypass (CPB), on CPB, after separation from CPB,
and on entering the intensive care unit (ICU).

The CPB circuit was primed with glucose-free crystal-
loid solutions (ie, lactated Ringer’s solution, mannitol, and
Voluven). The pump flow rate (with the direct flow and
without pulse) was set at 2 - 2.4 L/min/m2 according to the
patient’s temperature and recorded continuously. After
starting CPB, the patient was cooled to 32 - 34°C depend-
ing on the type of surgery and operating conditions. Mem-
brane oxygenators and arterial filters were used during
surgery. Del Nido cold cardioplegia solutions were used an-
tegradely or retrogradely to establish chemical arrest be-
fore the implantation of the aortic clamp. Alpha acetate
strategy was used in all patients to regulate arterial partial
pressure of carbon dioxide at normal levels. During CPB,
anesthesia was continued with continuous injections of
anesthetics. In all patients, an attempt was made to main-
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tain the hematocrit of patients above 24 to 27%; for this pur-
pose, blood was transfused if necessary (17). For this study,
surgeons who used del Nido cardioplegia and had similar
routines were used.

The blood samples were taken for blood gas analysis
and laboratory tests for potassium, sodium, magnesium,
calcium, BUN, creatinine, and blood sugar levels at differ-
ent time points, including before induction of anesthesia,
after induction of anesthesia, before CPB, on CPB, after sep-
aration from CPB, and on entering the ICU.

3.1. Primary Outcomes

All cardiac arrhythmias were recorded at the above-
mentioned time points (ie, before induction of anesthesia,
after induction of anesthesia, before CPB, on CPB, after sep-
aration from CPB, and on entering the ICU).

3.2. Secondary Outcomes

The levels of potassium, MAP, serum level of potas-
sium, blood sugar, BUN, creatinine, calcium, magnesium,
hemoglobin (Hb), and sodium were recorded.

3.3. Sample Size Calculation

The sample size was calculated using the sample size
formula consisting of 58 patients, according to the signif-
icance level of 0.05 and the power of 0.8. The sample size
was increased to 60 to improve the measurement accuracy.

3.4. Statistical Analysis

For quantitative variables, mean (and/or median) was
used to describe the data center, and standard deviation
(and/or interquartile range) was used to describe data scat-
ter. Frequency and percentage were used for the descrip-
tion of qualitative variables. The Chi-square test (or Fisher’s
exact test) and t-test (or Mann-Whitney U test) were used as
necessary to analyze the data. P-values less than 0.05 were
considered statistically significant. All analyzes were per-
formed using SPSS software (version 22).

4. Results

Table 1 shows the demographic information of pa-
tients. Based on the results, the mean age of patients was
60.87 ± 7.35 years, with a mean EF of 48.12 ± 6.5. Further-
more, 33 (55%) and 27 (45%) patients were male and female,
respectively. There was no significant difference between
the two arrhythmic and nonarrhythmic groups in terms of
demographic variables (P > 0.05).

Table 1. Demographic Characteristics of Patients a

Variables Values

Age (y) 60.87 ± 7.35

Ejection fraction (%) 48.12 ± 6.5

Gender

Male 33 (55)

Female 27 (45)

Medical history

Hypertension 47 (78.3)

Smoking 29 (48.3)

Myocardial infarction 14 (23.3)

Diabetes 34 (56.6)

Renal failure 13 (21.6)

a Values are expressed as mean ± SD or No. (%).

The trend of changes in potassium levels at different
time points showed a significant difference (P = 0.045; Ta-
ble 2). Table 2 shows the trend of changes in MAP, other
electrolyte levels (ie, sodium, calcium, magnesium, and
BUN/creatinine), and blood sugar in all patients. Accord-
ing to the analysis, the changes in MAP, blood sugar, cal-
cium, magnesium, and BUN/creatinine at different time
points showed a significant difference (P < 0.05). However,
the trend of changes in sodium and Hb levels did not show
a significant difference (P > 0.05).

In the analyses of two arrhythmic and nonarrhythmic
groups, a significant difference was observed between the
two groups in the potassium level (P < 0.001; repeated
measures analysis of variance). The other variables, such as
MAP, BUN, creatinine clearance, Hb, sodium, blood sugar,
calcium, and magnesium plasma levels, were not signifi-
cantly different (Figure 1). Table 3 shows the prevalence of
arrhythmias at different time points. According to the pre-
sented results, the highest and lowest incidence of arrhyth-
mia was after aortic cannulation and after skin incision, re-
spectively.

5. Discussion

The findings of this study suggest that the changes
in MAP, potassium, calcium, magnesium, BUN/creatinine,
and blood sugar but not sodium and Hb had a role in the
occurrence of cardiac arrhythmias (17). In a 2017 study con-
ducted by Patel et al., serum preoperative potassium lev-
els, cardiac outcomes, and mortality rates were examined
in 6,515 patients with acute coronary syndrome. The re-
sults showed that the risk of cardiac arrhythmias, such as
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Table 2. Trends of Studied Factors at Different Measurement Time Points

Variables Before Operation After Induction of
Anesthesia

On
Cardiopulmonary

Bypass

After
Cardiopulmonary

Bypass

On Entering the
Intensive Care Unit

P-Value a

Mean arterial
pressure (mmHg)

85.0 ± 4.6 85.6 ± 6.2 77.5 ± 5.9 75.0 ± 4.6 80.0 ± 5.3 0.003

Blood urea nitrogen
(mg/dL)

18.0 ± 4.5 17.4 ± 4.6 17.2 ± 4.3 18.4 ± 2.1 18.3 ± 4.0 0.001

Creatinine (mg/dL) 1.1 ± 0.2 1.0 ± 0.1 1.1 ± 0.1 1.0 ± 0.09 1.2 ± 0.2 0.002

Hemoglobin (g/dL) 13.1 ± 1.6 10.7 ± 2.5 9.6 ± 1.9 9.9 ± 2.1 10.3 ± 1.7 0.052

Potassium (mmol/L) 4.3 ± 0.5 4.6 ± 1 5.5 ± 1.2 5.4 ± 0.8 4.7 ± 0.6 0.045

Sodium (mEq/L) 140.7 ± 4.8 140.4 ± 4.7 139.6 ± 3.2 139.1 ± 4.6 139.8 ± 5.3 0.905

Blood sugar (mg/dL) 118.7 ± 51.9 128.5 ± 71.5 149.2 ± 87.8 177.8 ± 72.3 166.3 ± 65.8 0.032

Calcium (mg/dL) 8.5 ± 1.13 8.5 ± 0.6 8.2 ± 0.3 8.3 ± 0.3 8.2 ± 0.5 < 0.001

Magnesium (mg/dL) 2.15 ± 0.4 2.4 ± 0.4 2.5 ± 0.3 2.3 ± 0.4 2.4 ± 0.3 0.001

a Repeated measures analysis of variance (time factor P-value)

Table 3. Frequency of Arrhythmia at Different Time Points

Time of Disorder No. (%)

Antiarrhythmic administration 17 (28.3)

After induction of anesthesia 13 (21.6)

Arrhythmia after skin incision 9 (15)

Incidence of arrhythmia after sternotomy 15 (25)

Incidence of arrhythmia after aortic cannulation 27 (45)

Incidence of arrhythmia after right atrial cannulation 19 (31.6)

Arrhythmia in the first minutes of separation from the
cardiopulmonary bypass

21 (35)

Incidence of bradyarrhythmia 11 (40.7)

Incidence of tachyarrhythmia 16 (59.3)

paroxysmal supraventricular tachycardia, was 4.5% higher
in serum potassium levels≤ 3.5 mEq/L (P = 0.03). The prob-
ability of mortality and U-wave formation in patients with
hypokalemia was 2% and 3% higher than in other patients,
respectively (P = 0.01). The authors concluded that abnor-
mal potassium levels are associated with increased risks of
tachyarrhythmias and death (18). In the present study, the
changes in potassium levels were significantly associated
with the occurrence of cardiac arrhythmias and are consis-
tent with the results of the aforementioned study.

A 2016 study performed by Uluganyan et al. exam-
ined the relationship between potassium levels in patients
with acute coronary syndrome and the incidence of ar-
rhythmias and mortality in 277 patients with myocardial
infarction within 2010-2013. This study showed that pa-
tients with high potassium (≥ 5.2 mEq/L) experienced a

higher incidence of cardiac arrhythmias and mortality and
reported a significant relationship between potassium lev-
els less than 3.5 and more than 5 and the incidence of ven-
tricular arrhythmias (19, 20). In 2015, Peng et al. examined
the association between serum potassium levels and the
incidence of arrhythmias and mortality in patients under-
going coronary angiography. They showed that the inci-
dence of arrhythmias and mortality in patients with potas-
sium levels less than 3.5 and more than 5 mEq/L was sig-
nificantly higher than in the other groups (21). The results
of the present study are consistent with the results of both
aforementioned studies.

In another study, Chio et al. examined the associa-
tion between serum potassium levels and the incidence
of arrhythmias and other cardiac outcomes. The results
showed that the probability of arrhythmias in patients
with potassium levels of more than 4.5 and less than 3.5
is more than other patients. They concluded that potas-
sium levels are effective in the development of ventricular
arrhythmias; however, there was no significant relation-
ship between the level of potassium and long-term mortal-
ity (22).

A study performed by Krijthe et al. on the relation-
ship between serum potassium levels and the incidence
of atrial fibrillation in 2013 showed that patients with hy-
pokalemia have a higher risk of atrial fibrillation, and
serum potassium levels are associated with an increased
risk of atrial fibrillation (23).

The current study also investigated the relationship
between the levels of calcium, phosphorus, magnesium,
blood sugar, Hb, and BUN/creatinine, with the incidence
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Figure 1. (A) Changes in mean arterial pressure (MAP) in arrhythmic group (n = 27) and nonarrhythmic group (n = 33) before the operation, after induction, on pump, after
pump, and on entering to intensive care unit measurements (P = 0.082; repeated measures analysis of variance [ANOVA]); (B) Changes in blood urea nitrogen in arrhythmic
group (n = 27) and nonarrhythmic group (n = 33) (P < 0.005; repeated measures ANOVA); (C) Changes in creatinine clearance (P = 0.519; repeated measures ANOVA); (D) Changes
in hemoglobin (P = 0.486; repeated measures ANOVA); (E) Changes in blood potassium level (P < 0.001; repeated measures ANOVA); (F) Changes in blood sodium level (P >
0.0.5; repeated measures ANOVA); (G) Changes in blood sugar level (P > 0.0.5; repeated measures ANOVA); (H) Changes in blood calcium level (P > 0.0.5; repeated measures
ANOVA); (I) Changes in blood magnesium level (P > 0.0.5; repeated measures ANOVA)

of cardiac arrhythmias in this population. There was a sig-
nificant relationship between the levels of calcium, mag-
nesium, BUN, creatinine, and MAP with the incidence of
arrhythmias; nevertheless, no significant relationship was
observed between the changes in the levels of sodium and
Hb and the incidence of cardiac arrhythmias.

Contrary to the findings of the present study, Zeighami
Mohammadi and Asgharzadeh Haghighi in 2011 reported
hyponatremia as the most common (16.2%) electrolyte dis-
turbance in patients hospitalized due to heart failure (24).
The results of the present study are similar to the results of
a study by Gheorghiade et al. in 2007, indicating that 25.3%
of 47,647 patients with heart failure had hyponatremia at
the time of admission (25). This difference in the results

can be related to the use of diuretics, the difference in
renin-angiotensin-aldosterone activity, or the presence of
hyperglycemia in patients with heart failure.

The results of a 2016 meta-analysis conducted by
Angkananard et al. on the relationship between serum
magnesium levels and mortality in heart failure pa-
tients showed that hypomagnesemia significantly in-
creased mortality due to myocardial infarction, which is
in line with the findings of the present study (26). The
current study on serum calcium levels in cardiac patients
showed notable differences and similarities in compar-
ison to the results of previous studies. Mousavi Mova-
hed et al. observed no significant relationship between
serum calcium levels with heart disease and the calcifica-
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tion of heart valves (27). However, the results of studies
performed by Zand Parsa et al. (28) and Nematollahi et al.
(29) showed a direct linear relationship between calcium
levels and the severity of heart disease in these patients.
The difference in sample size in these two studies could
cause this discrepancy in the results. Zeighami Moham-
madi and Asgharzadeh Haghighi stated that in heart fail-
ure patients with some degree of renal impairment and
higher BUN/creatinine levels, the severity of the disease
and its complications are more severe (24), which is con-
sistent with the results of the present study.

5.1. Conclusions

According to the results of this study, it can be con-
cluded that the changes in potassium levels increase the
risk of cardiac arrhythmias and their complications.

5.2. Limitations

Among the limitations of the present study are the lim-
ited sample size and laboratory limitations to investigate
the factors that require further studies with more samples.

Acknowledgments

This article is a part of the thesis of Dr. Lia Shidelzadeh
(project no.: PAIN-9919). All rights of the research project
are reserved for Ahvaz Jundishapur University of Medical
Sciences.

Footnotes

Authors’ Contribution: Study concept and design: F.J.,
S.J., and M.R.; Analysis and interpretation of data: L.S. and
F.S.; Drafting of the manuscript: L.S.; Critical revision of
the manuscript for important intellectual content: F.J., S.J.,
M.R., F.S., and L.S.; Statistical analysis: L.S.

Conflict of Interests: The authors report no conflicts of
interest. The authors alone are responsible for content and
writing of this article.

Data Reproducibility: The dataset presented in the study
is available on request from the corresponding author dur-
ing submission or after its publication. The data are not
publicly available due to our institute policy rules.

Ethical Approval: IR.AJUMS.HGOLESTAN.REC.1399.060
(https://ethics.research.ac.ir/EthicsProposalView.php?id =
158371)

Funding/Support: This study was supported (grant no.:
Pain-9919) by the Vice-Chancellery of Research at Ahvaz
Jundishapur University of Medical Sciences, Ahvaz, Iran.

Informed Consent: All patients signed the informed con-
sent form, in which the pros and cons of participation in
the study were discussed. The patients were made aware
that they were under no obligation to participate, and par-
ticipation did not affect the quality of their care in any way.

References

1. Hasanzadeh M, Sabzevari A, Vahedian M. Mortality and morbidity fol-
lowed coronary artery bypass surgery. J TorbatHeydariyehUnivMed Sci.
2013;1(1):59–65.

2. Lee GA. Determinants of quality of life five years after coronary
artery bypass graft surgery. Heart Lung. 2009;38(2):91–9. doi:
10.1016/j.hrtlng.2008.04.003. [PubMed: 19254627].

3. Ghorbaninezhad K, Bakhsha F, Yousefi Z, Halakou S, Mehrbakhsh
Z. Comparison Effect of Tranexamic Acid (TA) and Tranexamic
Acid Combined with Vitamin C (TXC) on Drainage Volume and
Atrial Fibrillation Arrhythmia in Patients Undergoing Cardiac By-
pass Surgery: Randomized Clinical Trial. Anesth Pain Med. 2019;9(5).
e96096. doi: 10.5812/aapm.96096. [PubMed: 31903334]. [PubMed Cen-
tral: PMC6935295].

4. Kjeldsen K. Hypokalemia and sudden cardiac death. Exp Clin Cardiol.
2010;15(4). e96.

5. Pun PH, Goldstein BA, Gallis JA, Middleton JP, Svetkey LP. Serum Potas-
sium Levels and Risk of Sudden Cardiac Death Among Patients With
Chronic Kidney Disease and Significant Coronary Artery Disease. Kid-
ney Int Rep. 2017;2(6):1122–31. doi: 10.1016/j.ekir.2017.07.001. [PubMed:
29270520]. [PubMed Central: PMC5733834].

6. Gao FJ, Yao KP, Tsai CS, Wang KY. Predictors of health care
needs in discharged patients who have undergone coronary
artery bypass graft surgery. Heart Lung. 2009;38(3):182–91. doi:
10.1016/j.hrtlng.2008.07.006. [PubMed: 19486786].

7. Cohen LH. Cardiac surgical in the adult. USA: McGraw-Hill companies;
2008.

8. Sadeghi M, Hashemi M, Sararoudi RB, Merasi MR, Molaeinezhad
M, Shamsolketabi H. Demographic and psychological predictors
of recovery from coronary artery bypass graft. J Educ Health Pro-
mot. 2017;6:92. doi: 10.4103/jehp.jehp_154_16. [PubMed: 29114559].
[PubMed Central: PMC5651669].

9. Javaherforoosh Zadeh F, Janatmakan F, Soltanzadeh M, Zamankhani
M. Investigating the Effect of Fibrinogen Injection on Bleeding in
Coronary Artery Bypass Surgery: A Clinical Trial. Anesth Pain Med.
2019;9(4). doi: 10.5812/aapm.92165. [PubMed: 31754609]. [PubMed
Central: PMC6825327].

10. Frootan R, Saadatty A, Mohebbi H. Survey relationship between
supraventricular tachycardia after coronary artery bypass grafting
surgery and fluid and electrolyte intake. Ofogh Danesh. 2005;12(1):14–
9.

11. Avila Neto V, Costa R, Silva KR, Martins AL, Moreira LF, Santos LB, et al.
Effect of temporary right atrial pacing in prevention of atrial fibrilla-
tion after coronary artery bypass graft surgery. Braz J Cardiovasc Surg.
2007;22(3):332–40. doi: 10.1590/s0102-76382007000300010. [PubMed:
18157419].

12. Javaherforoosh Zadeh F, Moadeli M, Soltanzadeh M, Janatmakan F.
Effect of Remote Ischemic Preconditioning on Troponin I in CABG.
Anesth Pain Med. 2017;7(4). e12549. doi: 10.5812/aapm.12549. [PubMed:
29430406]. [PubMed Central: PMC5797663].

6 Anesth Pain Med. 2022; 12(1):e121809.

http://dx.doi.org/10.1016/j.hrtlng.2008.04.003
http://www.ncbi.nlm.nih.gov/pubmed/19254627
http://dx.doi.org/10.5812/aapm.96096
http://www.ncbi.nlm.nih.gov/pubmed/31903334
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6935295
http://dx.doi.org/10.1016/j.ekir.2017.07.001
http://www.ncbi.nlm.nih.gov/pubmed/29270520
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5733834
http://dx.doi.org/10.1016/j.hrtlng.2008.07.006
http://www.ncbi.nlm.nih.gov/pubmed/19486786
http://dx.doi.org/10.4103/jehp.jehp_154_16
http://www.ncbi.nlm.nih.gov/pubmed/29114559
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5651669
http://dx.doi.org/10.5812/aapm.92165
http://www.ncbi.nlm.nih.gov/pubmed/31754609
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6825327
http://dx.doi.org/10.1590/s0102-76382007000300010
http://www.ncbi.nlm.nih.gov/pubmed/18157419
http://dx.doi.org/10.5812/aapm.12549
http://www.ncbi.nlm.nih.gov/pubmed/29430406
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5797663


Jorairahmadi S et al.

13. Mouws E, Yaksh A, Knops P, Kik C, Boersma E, Bogers A, et al. Early
ventricular tachyarrhythmias after coronary artery bypass graft-
ing surgery: Is it a real burden? J Cardiol. 2017;70(3):263–70. doi:
10.1016/j.jjcc.2016.12.001. [PubMed: 28069327].

14. Fathi M, Valaei M, Ghanbari A, Ghasemi R, Yaghubi M. Compari-
son of Patient’s Kidney Function Based on Kidney Disease Improv-
ing Global Outcomes (KDIGO) Criteria and Clinical Parameters in
Isolated Coronary Artery Bypass Graft (CABG) Surgery in On-Pump
and Off-pump Methods in Patients with Low Cardiac Output Syn-
drome (LCOS) After Surgery. Anesth Pain Med. 2020;10(2). e100517.
doi: 10.5812/aapm.100517. [PubMed: 32754433]. [PubMed Central:
PMC7352649].

15. Yousefshahi F, Samadi E, Paknejad O, Bastan Hagh E, Aminzadeh S.
Effect of Hypoxemia in the Determination of Short-Term Progno-
sis of Coronary Artery Bypass Graft Patients: A Prospective Study.
Anesth Pain Med. 2019;9(1). e81785. doi: 10.5812/aapm.81785. [PubMed:
30881905]. [PubMed Central: PMC6408866].

16. Bilehjani E, Nader N, Farzin H, Haghighate Azari M, Fakhari S.
The Evaluation of Factors Affecting Hemodynamic Variability in
Mechanically-Ventilated Patients After Cardiac Surgery. Anesth Pain
Med. 2020;10(4). doi: 10.5812/aapm.101832. [PubMed: 33134143].
[PubMed Central: PMC7539053].

17. Javaherforooshzadeh F, Bhandori H, Jarirahmadi S, Bakhtiari N. In-
vestigating the Effect of Near Infra-Red Spectroscopy (NIRS) on Early
Diagnosis of Cardiac Surgery-Associated Acute Kidney Injury. Anesth
Pain Med. 2020;10(6). e109863. doi: 10.5812/aapm.109863. [PubMed:
34150576]. [PubMed Central: PMC8207845].

18. Patel RB, Tannenbaum S, Viana-Tejedor A, Guo J, Im K, Morrow DA, et
al. Serum potassium levels, cardiac arrhythmias, and mortality fol-
lowing non-ST-elevation myocardial infarction or unstable angina:
insights from MERLIN-TIMI 36. Eur Heart J Acute Cardiovasc Care.
2017;6(1):18–25. doi: 10.1177/2048872615624241. [PubMed: 26714972].
[PubMed Central: PMC5410890].

19. Uluganyan M, Ekmekci A, Murat A, Avsar S, Ulutas TK, Uyarel H, et
al. Admission serum potassium level is associated with in-hospital
and long-term mortality in ST-elevation myocardial infarction. Ana-
tol J Cardiol. 2016;16(1):10–5. doi: 10.5152/akd.2015.5706. [PubMed:
26467357]. [PubMed Central: PMC5336698].

20. Shiyovich A, Plakht Y. MyoK+ardial Infarction: Potassium Levels
and Outcomes Following Acute Myocardial Infarction. Angiology.

2016;67(8):725–8. doi: 10.1177/0003319715626062. [PubMed: 26764366].
21. Peng Y, Huang FY, Liu W, Zhang C, Zhao ZG, Huang BT, et al. Relation

between admission serum potassium levels and long-term mortality
in acute coronary syndrome. Intern EmergMed. 2015;10(8):927–35. doi:
10.1007/s11739-015-1253-1. [PubMed: 25986480].

22. Choi JS, Kim YA, Kim HY, Oak CY, Kang YU, Kim CS, et al. Relation
of serum potassium level to long-term outcomes in patients with
acute myocardial infarction. Am J Cardiol. 2014;113(8):1285–90. doi:
10.1016/j.amjcard.2014.01.402. [PubMed: 24560065].

23. Krijthe BP, Heeringa J, Kors JA, Hofman A, Franco OH, Witteman
JC, et al. Serum potassium levels and the risk of atrial fibrilla-
tion: the Rotterdam Study. Int J Cardiol. 2013;168(6):5411–5. doi:
10.1016/j.ijcard.2013.08.048. [PubMed: 24012173].

24. Zeighami Mohammadi SH, Asgharzadeh Haghighi S. [The relation-
ship between Serum creatinine with length of hospital stay and mor-
tality in heart failure patients].UrmiaNursMidwifery Fac. 2011;9(3). Per-
sian.

25. Gheorghiade M, Abraham WT, Albert NM, Gattis Stough W, Green-
berg BH, O’Connor CM, et al. Relationship between admission serum
sodium concentration and clinical outcomes in patients hospital-
ized for heart failure: an analysis from the OPTIMIZE-HF registry.
Eur Heart J. 2007;28(8):980–8. doi: 10.1093/eurheartj/ehl542. [PubMed:
17309900].

26. Angkananard T, Anothaisintawee T, Eursiriwan S, Gorelik O, McEvoy
M, Attia J, et al. The association of serum magnesium and mor-
tality outcomes in heart failure patients: A systematic review
and meta-analysis. Medicine (Baltimore). 2016;95(50). e5406. doi:
10.1097/MD.0000000000005406. [PubMed: 27977579]. [PubMed
Central: PMC5268025].

27. Mousavi Movahed SM, Tabaraie Y, Zakarianejad M. Relationship be-
tween Calcium, Phosphorous and Parathoromone with Calcification
of Heart Valves In Dialyzed Patients In Qom, 1385-1386. Qom Univ Med
Sci J. 2008;2(1):21–7.

28. Zand Parsa AF, Gilani Larimi N, Esteghamati A, Motevalli M. Corre-
lation between parathormone and coronary artery calcium scoring
and coronary artery disease. Tehran Univ Med J. 2013;71(2).

29. Nematollahi A, Tamadon M, Irannejad P, Fouladgar M, Bahadoram M,
Mardani S. Association of serum phosphorus, calcium and parathy-
roid hormone with cardiovascular calcification in regular hemodial-
ysis patients. J Parathyr Dis. 2017;6(2):44–9. doi: 10.15171/jpd.2018.17.

Anesth Pain Med. 2022; 12(1):e121809. 7

http://dx.doi.org/10.1016/j.jjcc.2016.12.001
http://www.ncbi.nlm.nih.gov/pubmed/28069327
http://dx.doi.org/10.5812/aapm.100517
http://www.ncbi.nlm.nih.gov/pubmed/32754433
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7352649
http://dx.doi.org/10.5812/aapm.81785
http://www.ncbi.nlm.nih.gov/pubmed/30881905
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6408866
http://dx.doi.org/10.5812/aapm.101832
http://www.ncbi.nlm.nih.gov/pubmed/33134143
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7539053
http://dx.doi.org/10.5812/aapm.109863
http://www.ncbi.nlm.nih.gov/pubmed/34150576
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8207845
http://dx.doi.org/10.1177/2048872615624241
http://www.ncbi.nlm.nih.gov/pubmed/26714972
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5410890
http://dx.doi.org/10.5152/akd.2015.5706
http://www.ncbi.nlm.nih.gov/pubmed/26467357
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5336698
http://dx.doi.org/10.1177/0003319715626062
http://www.ncbi.nlm.nih.gov/pubmed/26764366
http://dx.doi.org/10.1007/s11739-015-1253-1
http://www.ncbi.nlm.nih.gov/pubmed/25986480
http://dx.doi.org/10.1016/j.amjcard.2014.01.402
http://www.ncbi.nlm.nih.gov/pubmed/24560065
http://dx.doi.org/10.1016/j.ijcard.2013.08.048
http://www.ncbi.nlm.nih.gov/pubmed/24012173
http://dx.doi.org/10.1093/eurheartj/ehl542
http://www.ncbi.nlm.nih.gov/pubmed/17309900
http://dx.doi.org/10.1097/MD.0000000000005406
http://www.ncbi.nlm.nih.gov/pubmed/27977579
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5268025
http://dx.doi.org/10.15171/jpd.2018.17

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Primary Outcomes 
	3.2. Secondary Outcomes 
	3.3. Sample Size Calculation
	3.4. Statistical Analysis

	4. Results
	Table 1
	Table 2
	Figure 1
	Table 3

	5. Discussion
	5.1. Conclusions
	5.2. Limitations

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

