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ABSTRACT

Background: Postoperative atrial fibrillation (PoAF) is 
the most common arrhythmic complication detected after 
coronary artery bypass grafting (CABG). It is associated 
with increased morbidity and mortality, especially in elderly 
patients. Mean platelet volume (MPV) shows the activation 
of platelets effective in the inflammatory and thrombotic pro-
cess. The purpose of the present study was to investigate the 
relations between the preoperative MPV levels and develop-
ment of PoAF in isolated CABG in elderly patients.

Methods: A total of 103 elderly patients (aged ≥ 65 years), 
who underwent isolated CABG and were at preoperative 
sinus rhythm, were included in the study. Patients who did 
not have PoAF were identified as Group 1 (N = 74), and those 
with PoAF were identified as Group 2 (N = 29).

Results: PoAF incidence was 28.2%. Preoperative MPV 
level was 8.41 ± 1.13 fL in Group 1, and 9.28 ± 1.00 fL in 
Group 2. The difference was statistically significant (P < .001). 
Multivariate logistic regression analysis revealed that age, 
preoperative hemoglobin, and preoperative MPV were inde-
pendent predictive factors for PoAF development (OR [odds 
ratio]: 1.149, 95% CI [confidence interval]: 1.043-1.265,  
P = .005; OR: 1.334, 95% CI: 1.013-1.758, P = .040; OR: 
2.103, 95% CI: 1.324-3.339, P = .002, respectively). The cut-
off value for MPV as the predictor of PoAF development was 
found to be 8.43 (sensitivity: 82.8% and specificity: 55.4%).

Conclusion: This study showed that MPV levels are asso-
ciated with PoAF development in elderly patients, and other 
independent predictive factors include age and preoperative 
hemoglobin levels for POAF development.

INTRODUCTION

At the present time, cardiovascular diseases are accepted 
as the most important cause of morbidity and mortality in the 
elderly population. The most important part of cardiovascu-
lar diseases in this respect consists of coronary artery diseases 
(CAD). Coronary artery bypass grafting (CABG), which is 

considered an effective method in CAD treatment, can be 
applied with a low morbidity and mortality level in the elderly 
population [Fink 2015]. Cardiac arrhythmias are common 
complications following CABG, and the most common car-
diac arrhythmia after CABG (especially within 24-72 hours) is 
atrial fibrillation [Bohatch Júnior 2015]. Postoperative atrial 
fibrillation (PoAF) incidence was reported to be 20-40% 
[Anatoĺevna 2016]. Although PoAF is well-tolerated in most 
patients, it also causes hemodynamic disorder, thromboem-
bolic events, and increased morbidity and mortality, especially 
in the elderly patient population [Luo 2017].

The pathophysiology of PoAF has not clearly been 
revealed today. It is known that the inflammation has a sig-
nificant effect, and new risk factors are defined in this regard. 
One of these risk factors is the mean platelet volume (MPV), 
which is the indicator of the thrombocyte size and activation. 
When platelets, which are known to play important roles in 
inflammatory processes, are activated, their volumes become 
larger and their aggregate rates and prothrombotic potentials 
increase with metabolic and enzymatic activation [Kamath 
2001]. Elevated MPV levels were considered to be indica-
tive of inflammation and thrombosis and were associated 
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with cerebrovascular and cardiovascular diseases [Xu 2015; 
Du 2016]. There are also several previous studies reporting 
that there is a relation between MPV and cardiac arrhythmia 
[Tekin 2013].

The purpose of the present study was to investigate 
whether preoperative MPV levels are predictors for PoAF, 
which is one of the factors that causes morbidity and mortal-
ity in elderly patients undergoing CABG.

MATERIALS AND METHODS

The data of the elderly patients who underwent iso-
lated CABG at Adıyaman Training and Research Hospital 
(Adıyaman, Turkey) Cardiovascular Surgery Clinic between 
January 2019 and March 2020 retrospectively were exam-
ined. A total of 103 patients aged 65 and over, who underwent 

isolated CABG with cardiopulmonary bypass (CPB), were 
included in our study. Patient data were obtained from the 
hospital registration system, and local ethics committee 
approval was obtained (Approval number: 2020/5-27).

Patients at postoperative sinus rhythm were identified as 
Group 1 (N = 74), and patients with atrial fibrillation were 
identified as Group 2 (N = 29). Excluded from the study 
were patients who underwent emergent surgery, had previous 
CABG history, off-pump surgery, required additional surgical 
intervention except for CABG, had preoperative atrial fibril-
lation, were receiving preoperative amiodarone treatment, 
had chronic obstructive pulmonary disease (COPD), had 
chronic kidney or liver disease, acute or chronic infection, 
and any known malignancies or hematological problems.

Age, gender, body mass index, hypertension, diabetes mel-
litus, hyperlipidemia, peripheral artery disease, cerebrovas-
cular event, New York Heart Association functional capacity 

Table 1. Preoperative data

Group 1 (N = 74) PoAF (-) Group 2 (N = 29) PoAF (+)

Mean ± sd/n (%) Med (Min-Max) Mean ± sd/n (%) Med (Min-Max) P

Age (years) 70.91 ± 4.44 70.00 (65.00-85.00) 74.21 ± 5.90 74.00 (65.00-87.00) .008†

Gender

Male 48 (64.9%) - 23 (79.3) - .154‡

Female 26 (35.1%) - 6 (20.7) - .154‡

BMI (kg/m2) 27.07 ± 4.13 27.05 (18.60-40.00) 26.28 ± 4.18 26.60 (19.30-37.30) .384*

HT 34 (45.9%) - 12 (41.4%) - .675‡

DM 28 (37.8%) - 12 (41.4%) - .740‡

HL 25 (33.8%) - 13 (44.8%) - .296‡

PAD 17 (23.0%) - 9 (31.0%) - .397‡

CVE 6 (8.1%) - 4 (13.8%) - .462‡

NYHA 1 16 (21.6%) - 8 (27.6%) - .486‡

NYHA 2 36 (48.6%) - 14 (48.3%) -

NYHA 3 22 (29.8%) - 7 (24.1%) -

Preoperative HR (bpm) 80.43 ± 13.09 80.00 (56.00-112.00) 81.69 ± 11.37 86.00 (56.00-98.00) .651*

Use of Beta-blockers 60 (81.1%) - 23    (79.3%) - .838‡

EF (%) 51.31 ± 8.38 53.50 (30.00-65.00) 51.83 ± 8.50 55.00 (35.00-65.00) .718†

LAD (mm) 38.82 ± 1.87 39.00 (33.20-42.00) 38.98 ± 2.12 39.00 (34.00-43.00) .766†

EuroSCORE 1.97 ± 2.35 1.23 (0.50-13.98) 2.38 ± 2.60 1.25 (0.50-10.44) .795†

White blood cell (103/μL) 9.06 ± 2.35 8.85 (5.13-15.56) 8.89 ± 2.50 8.15 (5.24-17.26) .717†

Hemoglobin (g/dL) 13.48 ± 1.92 13.70 (9.20-17.50) 14.31 ± 1.72 14.70 (9.80-17.20) .045*

Platelet (103/μL) 242.55 ± 62.56 235.50 (145.00-502.00) 237.48 ± 57.90 231.00 (143.00-362.00) .817†

Mean platelet volume (fL) 8.41 ± 1.13 8.32 (6.29-11.23) 9.28 ± 1.00 9.55 (7.58-11.20) < .001*

Creatinine (mg/dL) 1.00 ± 0.26 0.96 (0.62-2.21) 1.08 ± 0.46 0.98 (0.44-2.82) .700†

*Student-t test, †Mann-Whitney U test, ‡Chi-square test.
PoAF: postoperative atrial fibrillation, BMI: body mass index, HT: hypertension, DM: diabetes mellitus, HL: hyperlipidemia, PAD: peripheral artery disease, CVE: 
cerebrovascular events, NYHA: New York Heart Association functional class, HR: heart rate, EF: ejection fraction, LAD: left atrium diameter
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classification, heart rate, beta-blocker drug use, ejection frac-
tion, left atrium diameter, EuroSCORE, and preoperative 
laboratory parameters (white blood cell, hemoglobin, platelet, 
MPV, creatinine) were recorded as preoperative data. Patients 
with a blood pressure ≥ 140/90 mmHg or antihypertensive drug 
use were considered as hypertension, fasting blood glucose ≥ 
126 mg/dL or antidiabetic drug use were considered as diabetes 
mellitus, LDL cholesterol ≥ 130 mg/dL, and total cholesterol ≥ 
200 mg/dL or anti-hypertensidemic drug use were considered 
as hyperlipidemia. Heart rate was analyzed from preoperative 
12-lead electrocardiography (ECG) records. Aortic cross-
clamp time, CPB time, number of grafts used, mechanical ven-
tilation duration, drainage amount, length of stay in intensive 
care unit (ICU), and length of  hospital stay were recorded as 
perioperative and postoperative data.

The blood samples taken from the antecubital vein after 
12 hours of hunger during the preoperative period from the 
patients into EDTA (ethylenediaminetetraacetic acid) tubes 
were evaluated. The automatic blood counting device (Abbott 
CELL-DYN Ruby, Illinois, USA) was used for full blood 
count. The reference range for MPV was 6.8-10.8 fL in our 
hematology laboratory.

All patients were placed under general anesthesia and 
underwent a standard median sternotomy to reach the medi-
astinum. The saphenous vein grafts and left internal thoracic 
artery were prepared. CPB was performed by cannulating the 
ascending aorta and right atrium. Myocardial protection was 
applied to all patients by giving crystalloid cardioplegia and 
then cold blood cardioplegia. After giving warm blood car-
dioplegia, the aortic cross clamp was removed. A roller pump 
(non-pulsatile flow, 2.4 L/m2/min) and membrane oxygenator 
were used in all cases. Mean arterial pressure was maintained 
at 50-70 mmHg during the aortic cross clamp, and hemato-
crit levels were 20-25% during CPB. Moderate hypothermia 
(30 °C) was applied during aortic cross-clamp time, and the 
body was warmed to 36 °C before weaning from CPB.

Patients continuously were monitored with five-lead 
telemetry in the ICU in the postoperative period. The 
patients were followed, in terms of heart rate, blood pressure 

measurement every four hours and 12-lead ECG recording 
every morning after discharge from the ICU. The patients 
were evaluated with 12-lead ECG recording, if heart rates 
increased in monitoring or in routine follow ups or if there 
were clinical arrhythmia signs (i.e. palpitation, shortness of 
breath, etc.). PoAF was diagnosed based on the ECG records. 
In PoAF treatment, amiodarone was applied in intravenous 
300 mg infusion in one hour, then intravenous 900 mg infu-
sion (maintenance dose) procedure in 24 hours. The patients 
were then administered with oral 200 mg amiodarone three 
times a day.

The SPSS 11.5 Program was used in the analysis of the 
study data. Mean±standard deviation and median (minimum-
maximum) were used for quantitative variables as descriptive 
data, and number of patients (percent) was used for qualita-
tive variables. In terms of quantitative variables, if there was a 
difference between the categories of qualitative variables with 
two categories, the Student-t test was used if the normal dis-
tribution assumption was met; and if not, the Mann-Whitney 
U-test was used. The Chi-Square and Fisher’s Exact Test were 
used when the relations between the two qualitative variables 
were to be examined. The Receiver Operating Characteristic  
(ROC) analysis was performed to find a method to determine 
PoAF development for the quantitative variable, and the 
Youden Index value was used to calculate the cut-off value 
for the quantitative variable. Single and multi-variable logis-
tics regression were employed to determine the risk factors 
affecting the PoAF development. Statistical significance was 
accepted at P < .05.

RESULTS

A total of 103 elderly patients were included in the present 
study, and PoAF developed at a rate of 28.2% (N = 29). The 
demographic, clinical and laboratory findings of the patients 
are given in Table 1. The mean age of patients in Group 1 
was found to be lower than in Group 2, and the difference 
was statistically significant (70.91 ± 4.44 versus 74.21 ± 5.90, 

Table 2. Perioperative and postoperative data

Group 1 (N = 74) PoAF (-) Group 2 (N = 29) PoAF (+)

Mean ± sd Med (Min-Max) Mean ± sd Med (Min-Max) P

Cross-clamp time (min) 73.39 ± 21.90 68.50 (25.00-135.00) 72.72 ± 22.25 74.00 (18.00-111.00) .789*

CPB time (min) 102.22 ± 29.01 95.50 (47.00-198.00) 99.79 ± 29.14 100.00 (30.00-163.00) .994*

Number of grafts used 3.82 ± 0.58 4.00 (2.00-5.00) 3.76 ± 0.83 4.00 (2.00-5.00) .883*

Mechanical ventilation duration (hour) 8.72 ± 2.28 8.00 (5.00-18.00) 10.10 ± 4.90 9.00 (1.00-24.00) .366*

Drainage amount (cc) 634.46 ± 469.26 500.00 (100.00-2400.00) 587.93 ± 270.47 600.00 (200.00-1300.00) .610*

Length of stay in the ICU (day) 1.42 ± 0.97 1.00 (1.00-5.00) 2.00 ± 0.80 2.00 (1.00-5.00) < .001*

Length of hospital stay (day) 6.16 ± 1.53 6.00 (4.00-11.00) 7.34 ± 1.78 7.00 (4.00-12.00) .001*

*Mann-Whitney U test
PoAF: postoperative atrial fibrillation, CPB: cardiopulmonary bypass, ICU: intensive care unit.
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P = .008). The patient groups were similar, in terms of demo-
graphic data and clinical characteristics except for age.

When the laboratory parameters were compared, preop-
erative hemoglobin levels were 13.48 ± 1.92 g/dL in Group 1, 
and 14.31 ± 1.72 g/dL in Group 2. The difference was statisti-
cally significant (P = .045). Preoperative MPV level was 8.41 
± 1.13 fL in Group 1, and 9.28 ± 1.00 fL in Group 2. The 
elevated preoperative MPV level in Group 2 was statistically 
significant (P < .001). In addition, preoperative white blood 
cell, platelet, and creatinine levels did not differ at significant 
levels between the groups.

Perioperative variables did not differ at significant levels 
between the groups, which showed that similar surgical pro-
cedures were performed in similar periods. When postopera-
tive data were compared, there were no significant differences 
between the groups in terms of mechanical ventilation dura-
tion and drainage amounts. Compared with Group 2, patients 
in Group 1 had significantly lower length of stay in the ICU 
(1.42 ± 0.97 days versus 2.00 ± 0.80 days, P < .001) and length 
of hospital stay (6.16 ± 1.53 days versus 7.34 ± 1.78 days,  
P = .001) (Table 2).

Univariate logistic regression analysis was made to evaluate 
any possible predictors in PoAF development (Table 3). It was 
detected that age, preoperative hemoglobin, and preoperative 
MPV were significantly related with PoAF development in 
elderly patients. As a result of the univariate logistic regres-
sion analysis, statistically significant variables were included in 
the multivariate logistic regression analysis. As a result of the 
multivariate logistic regression analysis, age (OR [odds ratio]: 
1.149, 95% CI [confidence interval]: 1.043-1.265, P = .005), 
preoperative hemoglobin (OR: 1.334, 95% CI: 1.013-1.758, 
P = .040) and preoperative MPV (OR: 2.103, 95% CI: 1.324-
3.339, P = .002) were shown to be independent predictive fac-
tors in elderly patients for PoAF development (Table 4).

ROC curve analysis was made to determine the predictive 
effect of MPV levels in PoAF development in elderly patients. 
The area under the curve was 0.719 for MPV (95% CI: 0.614-
0.824, P = .001). The ideal cut-off value for MPV was found 
to be 8.43, according to Youden Index (sensitivity: 82.8% and 
specificity: 55.4%) (Figure).

DISCUSSION 

In our study, we found that the elevated preoperative MPV 
levels have a significant relation with PoAF, which develops 
in elderly patients who underwent isolated CABG. We also 
aimed to determine the predictors for PoAF development, 
and in the multivariate logistic regression analysis, we found 
that age, preoperative hemoglobin and preoperative MPV 
were independent predictive factors. One unit increase in the 
quantitative variable of age value increased PoAF develop-
ment risk 1.149 times, one unit increase in the quantitative 
variable of preoperative hemoglobin value increased PoAF 
development risk 1.334 times, and one unit increase in the 
quantitative variable of preoperative MPV value increased 
PoAF development risk 2.103 times.

In our present day, as a result of increasing life expectancy 
and improvements in cardiac surgery, CABG can be applied 
safely in elderly patients. However, since the cardiac reserves 
of this patient group are more limited, it is necessary to be 
careful, in terms of complications that might occur during the 
postoperative period. Knowing the predictive factors of atrial 
fibrillation, which is the most common cardiac arrhythmia 
after CABG, is important in this respect.

PoAF incidence was reported to be 20-40% [Anatoĺevna 
2016]. In our study, it was found that PoAF was 28.2% in 
elderly patients with isolated CABG. In addition, in our study, 

Table 3. Univariate logistic regression analysis for the possible predictors of PoAF

Variables B S.E. P OR 95% CI Lower 95% CI Upper

Age 0.128 0.045 .005 1.136 1.040 1.241

HT 0.186 0.443 .675 1.204 0.505 2.871

DM 0.148 0.447 .740 1.160 0.483 2.784

HL 0.465 0.447 .298 1.592 0.663 3.825

Preoperative HR 0.008 0.018 .647 1.008 0.974 1.043

EF 0.008 0.027 .777 1.008 0.956 1.061

LAD 0.045 0.115 .698 1.046 0.834 1.310

Preoperative WBC 0.001 0.001 .747 1.001 0.998 1.002

Preoperative Hb 0.250 0.127 .049 1.284 1.001 1.646

Preoperative Plt -0.001 0.004 .703 0.999 0.991 1.006

Preoperative MPV 0.698 0.215 .001 2.010 1.319 3.064

Preoperative Cr 0.638 0.632 .312 1.894 0.549 6.534

B: beta coefficient, S.E.: standard error, OR: odds ratio, CI: confidence interval, HT: hypertension, DM: diabetes mellitus, HL: hyperlipidemia, HR: heart rate, 
EF: ejection fraction, LAD: left atrium diameter, WBC: white blood cell, Hb: hemoglobin, Plt: platelet, MPV: mean platelet volume, Cr: creatinine
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it was found that the PoAF developing patient group was sig-
nificantly older than the patient group that did not develop 
PoAF. It already is known that advanced age causes atrial 
fibrillation by causing atrial anatomical and electrophysiolog-
ical changes [Allessie 2001]. There are studies showing that 
advanced age is an important predictor for PoAF [Ozsin2018; 
Mathew 2004]. Nisanoglu et al included 426 elderly patients 
in their study (age > 65) and reported that advanced age was 
a predictor for the development of post-CABG atrial fibrilla-
tion (OR: 1.07, P = .009 for age > 65; and OR: 1.77, P = .042 
for age > 75) [Nisanoglu 2007]. Similar to the studies in the 
literature, our study also found in univariate and multivariate 
logistic regression analysis that age is significantly associated 
with PoAF development.

It already is known that inflammation is an important 
factor in PoAF pathophysiology. It is considered that atrial 
fibrillation develops as a result of the inflammatory mediators 
and immune cells in inflammatory response affecting the car-
diac tissue [Hu 2015]. Endothelial dysfunction and vascular 
inflammation associated with it are blamed in the pathogen-
esis of many chronic diseases. More frequent atrial fibrillation 
is observed in chronic diseases because of this inflammation 
[Grover-Paez 2009; Khan 2020]. Mathew et al conducted 
a study in which they included 4657 CABG patients and 
reported that there was 43% increase in the probability of 
PoAF development in the presence of COPD (OR: 1.43, 95% 
CI: 1.09-1.87, P = .009) [Mathew 2004].  There are studies 
reporting a significant relation between preoperative chronic 
renal failure and PoAF development [Nisanoglu 2007; Auer 
2007]. It also was reported that the incidence of atrial fibrilla-
tion is high in chronic liver diseases [Huang 2018]. For these 
reasons, COPD, chronic kidney and liver disease patients 
were excluded from our study. In addition, the lack of signifi-
cant difference between the groups, in terms of risk factors 
that have inflammation in their pathogenesis like hyperten-
sion, diabetes mellitus, hyperlipidemia, peripheral artery dis-
ease and cerebrovascular event, increases the reliability of the 
results of our study.

One of the routine tests applied in the preoperative 
period in patients with CABG is the full blood count test. 
This test, which is sensitive to the hemodynamic changes in 
the body, contains parameters that have predictive value for 
PoAF [Weymann 2018]. Among these hematological param-
eters, the relation of MPV with PoAF is remarkable. MPV is 
the indicator of platelet size, and there is a relation between 
the function and size of platelets. Young and large-volume 

platelets produced in inflammatory processes are more active 
both in enzymatic and metabolic terms. Many inflamma-
tions, coagulation and thrombosis mediators in the body 
are released by these large platelets [Gasparyan 2011]. For 
this reason, studies were conducted in the past to investigate 
the relations between PoAF and MPV, which are known to 
have an effect of inflammation in pathophysiology. Erdem et 
al conducted a study to evaluate 208 elective isolated CABG 
patients and found that MPV was an independent predictor 
for PoAF development (OR: 2.564, 95% CI: 1.326-4.958,  
P = .005) [Erdem 2014]. In another study, Şaşkın et al evalu-
ated 1138 patients who underwent isolated CABG and had 
preoperative normal sinus rhythm. Preoperative MPV levels 
were found to be significantly higher in the PoAF developing 
group compared with the group with postoperative normal 
sinus rhythm (9.03 ± 0.74 fL versus 8.32 ± 0.60 fL, P = .0001).
They found that the MPV cut-off level for PoAF develop-
ment as 8.65 fL (sensitivity: 74.1% and specificity: 68.4%) 
[Şaşkın 2016]. In a systemic review conducted with meta-
analysis, Weymann et al reported that MPV was the definitive 
predictor of PoAF development and recommended its inclu-
sion in atrial fibrillation diagnostic criteria [Weymann 2018]. 
In our study, our results were in line with the literature data. 
The preoperative MPV levels were found to be significantly 
higher in our group, in which we included patients develop-
ing PoAF in elderly patients undergoing isolated CABG. In 
the multivariate logistic regression analysis, it was found that 
the preoperative MPV levels were an independent predictive 
factor for PoAF development.

In many previous studies, it was reported that there is 
a relation between preoperative low hemoglobin levels and 
postoperative negative events, such as atrial fibrillation in 
cardiac surgery [Bell 2008; Miceli 2014]. Unlike these stud-
ies, although the mean preoperative hemoglobin levels of 
our patient group that developed PoAF were found to be at 
slightly higher levels in our study compared with the patient 
group without PoAF development, this difference was sta-
tistically significant. In addition, the preoperative hemoglo-
bin level was found to be an independent predictive factor 
for PoAF.

It already is known that CPB is associated with PoAF 
development as a cause of systemic inflammatory response 
[Narducci 2014]. The fact that there were no significant dif-
ferences between the perioperative variables in our study may 
be considered to indicate that CPB did not affect our results. 
In addition, length of stay in the ICU and length of hospital 

Table 4. Multivariate logistic regression analysis for the possible predictors of PoAF

Variables B S.E. P OR 95% CI Lower 95% CI Upper

Age 0.139 0.049 .005 1.149 1.043 1.265

Preoperative Hb 0.289 0.141 .040 1.334 1.013 1.758

Preoperative MPV 0.743 0.236 .002 2.103 1.324 3.339

B: beta coefficient, S.E.: standard error, OR: odds ratio, CI: confidence interval, Hb: hemoglobin, MPV: mean platelet volume
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stay, which were among postoperative variables evaluated in 
our study, being significantly higher in PoAF group can be 
explained by the hemodynamic instability and the need for 
additional treatment due to PoAF.

Our study had some limitations. It was a retrospec-
tive study, and a limited number of patients were included 
because it had a single-center design. In addition, only the 
cardiac rhythms of the patients until the patients were dis-
charged from the hospital were monitored and evaluated. 
One thing that stood out in our study, which included elderly 
patients, was that both age and MPV levels were significantly 
higher in our group patients who developed PoAF. Previous 
studies reported that MPV levels increase with advanced age  
[Verdoia 2015; Lippi 2012]. In our study, which included 
patients of advanced ages, we associated the elevated MPV 
levels in our PoAF developing patient group with the under-
lying inflammation. More comprehensive studies that will be 
conducted on age, MPV and PoAF development are needed 
to clarify this point.

CONCLUSION 

According to the data obtained in our study, there is a rela-
tion between high preoperative MPV levels and PoAF devel-
opment after CABG, in elderly patients. Our analysis showed 
that age, preoperative hemoglobin and preoperative MPV 
levels are independent predictive factors for PoAF develop-
ment after isolated CABG in elderly patients.
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