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Abstract

Aim: The relationship between inflammation and the development of atrial fibrillation and the relationship between platelet to
lymphocyte ratio and mean platelet volume in relation to inflammation were investigated in patients with atrial fibrillation after
isolated coronary artery bypass graft operation.

Material And Methods: Clinical and laboratory data of 132 patients, who did not have preoperative atrial fibrillation and underwent
isolated coronary artery bypass graft operation using cardiopulmonary pump, were analyzed retrospectively. Patients were divided
into two groups as patients with developed atrial fibrillation and those without atrial fibrillation. Concomitant diseases, preoperative
drug use, echocardiographic and angiographic findings, preoperative, intraoperative and postoperative laboratory parameters were
obtained from medical records and compared statistically.

Results: Of the 132 patients, 68 with atrial fibrillation (mean age: 68.3+/-10.7 years, 50 males and 18 females) and 64 patients
without atrial fibrillation (mean age: 64.5+/-9.8 years, 55 males and 9 females) were identified, and difference in the mean age
was statistically significant (p=0.016). Postoperative platelet to lymphocyte ratio and mean platelet volume values (280.3+/-112.3;
9.9+/-1.7) were also significantly higher in those with atrial fibrillation group than preoperative values (129.2+/-49.3; 9.6+/-1.6,
p<0.0001, p<0.0009).

Conclusion: According to our study higher values of postoperative platelet to lymphocyte ratio and mean platelet volume are
correlated with development of atrial fibrillation after coronary artery bypass graft operation.

Keywords: Atrial fibrillation; coronary artery bypass graft operation; inflammation; mean platelet volume; platelet to lymphocyte
ratio.

alpha, interleukin-2, interleukin-6 and interleukin-8 are
associated with atrial fibrillation (2).

INTRODUCTION

Atrial fibrillation (AF) and/or flutter (AFL) are the most
common complications of cardiac surgery. The rate of
atrial fibrillation after coronary artery bypass grafting
varies between 25-40%. Patients with postoperative atrial
fibrillation have significantly higher prolonged hospital
stay and the incidence of various complications such
as cardiovascular events, renal failure, infections and
cerebral infarctions(1).

In recent years studies have shown that platelet/
lymphocyte ratio (PLR) can be used as an inflammatory
marker (3). Similarly, mean platelet volume (MPV) is a
marker of platelet activation and function and has been
shown to increase in response to inflammation and
thrombosis (4).

In this study, the relationship between inflammation and
the development of atrial fibrillation and the relationship

Studies have shown that the development of atrial
fibrillation is related to inflammation.Various inflammatory
markers such as C reactive protein, tumor necrosis factor

between PLR and MPV in relation to inflammation were
investigated in patients with atrial fibrillation after isolated
coronary artery bypass graft operation (CABG).
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MATERIAL and METHODS

Study Population

This study is a single center and retrospectively designed
and approved by the local ethics committee, consisting 132
randomised patients who underwent isolated coronary
artery bypass graft operation between February 2012-
December 2016. The exclusion criteria were; concomitant
valvular surgery, the presence of a permanent pacemaker,
preoperative atrial fibrillation, malignancy and infection,
use of amiodaron and digitals, re-do surgery, LVEF<30%,
emergent surgery and off-pump surgery.

Concomitant  diseases, preoperative drug use,
echocardiographic and angiographic findings,
preoperative, intraoperative and postoperative parameters
were obtained from medical records. Total white blood
cells, neutrophils, lymphocytes and platelets were
measured by using automated blood counter, Cell-Dyn
3700, Abbott, Germany, in fifteen minutes after handling
of blood. Platelet to lymphocyte ratio was computed as
the ratio of platelets (1000/uL) to lymphocytes (1000/
Ul) obtained from the blood samples, preoperatively and
postoperatively first three days.

Surgical Technique
All operations were performed by using cardiopulmonary
bypass pump after median sternotomy.

Postoperative Atrial Fibrillation

Patients were followed up with 5-lead monitors and
standard D-Illeads inintensive care untilhemodynamically
stable. Patient received the service was followed up to 6-8
times for daily rhythm and blood pressure. When atrial
fibrillation or other arrhythmias occurred in patients during
this periods, arrhythmia was documented by drawing a 12-
lead ECG. The day on which the atrial fibrillation started on
the electrocardiograph was accepted as the day and the
hour of onset of atrial fibrillation.

Statistical Analysis

Statistical analysis of the study was done using the
SPSS 19.0 package program. Descriptive measure of
all variables was calculated. Categorical variables were
presented with frequency and percentage ratios and
numerical variables with mean * SD tables. The normality
analysis of continuous numerical variables was performed
by the Kolmogorov-Smirnov test. Nonparametric tests
were used for group comparisons. The Mann-Whitney U
test was used in the case of two independent groups, and
the Wilcoxon Sign Sequence test was used to compare
two dependent groups (repeated measures). Monte Carlo
corrected chi-square analysis was used to determine the
relationship between categorical variables. Results of
comparison and correlation analysis are shown on the
tables. Significant results were visualized using related
graphics. At the end of the study, p <0.05 was considered
statistically significant by taking the type-I error value as 5%.

RESULTS
Of the 132 patients, 68 with atrial fibrillation (mean age:

68.37+/-10.73, 50 males and 18 females) and 64 without
atrial fibrillation (mean age: 64.58+9.83, 55 males and 9
females) were identified, and difference in the mean age
was statistically significant (p=0.016). The other baseline
characteristics like concomitant diseases and gender did
not show a statistically significant difference between the
groups (Table 1).

Risk factors for atrial fibrillation like age, HT, DM, COPD,
Congestive Heart Failure and beta blocker use were
evaluated and there was a statistically difference in age
group (AF+ group 68.37+/-10.73, AF- group 64.58+/- 9.83,
p=0.016), there were no statistically difference in other
groups.

Similarly, there was no statistically significant difference
in preoperative medications between the groups (Table 2).

There was no statistically significant difference in ejection
fraction, cardiopulmonary bypass time, intensive care unit
length of stay and length of postoperative hospital stay
between the two groups (Table 3).

But there was statistically significant difference in the
extubation times (Table 3) and mortality rates.

The mortality rate was 4.4% (n=3) in cases with atrial
fibrillation and 1.5% (n=1) in cases without atrial
fibrillation.

Table 1. Demographic and Comorbidity Characteristics of Patients

AF + (n=68) AF - (n=64)
AveragetSS p
Age year  68.3710.73 64.58+9.83  0.016*
N (%) N (%)
Gender Male 50 (73.5) 55 (85.9) 0.077
Female 18 (26.5) 9(14.1)
HT + 0 49(72.1) 43 (67.2) 0.544
- 19 (27.9) 21(32.8)
DM + 32(47.1) 33(51.6) 0.606
- 36 (52.9) 31(48.4)
COPD + 16 (23.5) 19 (29.7) 0.425
- 52(76.5) 45 (70.3)
HL + 21 (30.9) 24 (37.5) 0.423
- 47 (69.1) 40 (62.5)

AF: Atrial Fibrillation, COPD: Chronic Obstructive Pulmonary Disease,

DM: Diabetes Mellitus, HL: Hyperlipidemia. HT: Hypertension
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Table 2. Treatment Characteristics of Patients grup: AF+
Treatment AF + AF - ]
N (%) N (%) p
ACE Inhibitor + 31 (45.6) 33(51.6) 0.494
- 37 (54.4) 31 (48.4) o
B-blocker + 19 (27.9) 19 (29.7) 0.825 -
- 49(727)  45(703) -
ARB + 4(5.9) 1(1.6) 0.196
- 64 (94.1) 63 (98.4) el
CaChannelblocker ~ + 13 (19.1) 12 (18.8) 0.957
100+
= 55 (80.9) 52 (81.2) . pow
Clopidogrel + 9(13.2) 5(7.8) 0.314 . . . o
Figure 1. Preoperative and postoperative plt/lym ratio in AF+
- 59 (86.8) 59(92.2) group AF: Atrial Fibrillation, Lym: Lymphocyte, Plt: Platelet
Statin + 20 (29.4) 21 (32.8) 0.673
grup: AF+
- 48 (70.6) 43 (67.2)
Nitrate + 7(10.3) 4(6.2) 0.403 - T
- 61 (89.7) 60 (93.8)
ASA - 24 (35.3) 19(29.7) 0.494 oo
= 44 (64.7) 45 (70.3) _ 95203
o
Furosemide + 2(2.9) 0(0) 0.168 5 075
- 66 (97.1) 64 (100) 5w
AF: Atrial Fibrillation, ACE: Angiotensin Converting Enzyme, ARB: osod 1
Angiotensin Receptor Blocker, ASA: Acetyl Salicylic Acid
Table 3. Clinical Characteristics of Patients According to Groups ]
AF state AF + AF - ey poscorey
Average * SS P Figure 2. Preoperative and postoperative MPV values in AF+
Group AF: Atrial Fibrillation, MPV: Mean Platelet Volume
EF % 49.19+8.68 50.84+8.03 0.247
Cross 50.71#13.33  51.98412.65  0.456 Table 4. Pre and Postop PLR and MPV Measurements in AF Detail
Pomp 81.51#23.16  81.28+24.05 0.839 AF Preop Postop
ICU stay time 4.25+2.05 4.11+1.47 0.967 Average * SS P
Postop service stay 10.72+4.92 9.443.57 0.089 Plt/lym (PLR) 129.27+49.39 280.35£112,35 <0.001*
EF: Ejection Fraction, ICU: Intensive Care Unit MPV 9.69+1.69 9.92+1.70 0.009"
Postoperative platelet to lymphocyte ratio and mean AF-
platelet volume values (280.3+/-112.3; 9.9+/-1.7) were
also significantly hig_her in those with atrial fibrillation pj/iyn (PLR) 123.34+49.24  131.00+46.35 0.062
group than preoperative values (129.2+/-49.3; 9.6+/-1.6,
p<0.0001, p<0.0009) (Figure 1-2). There was no difference ~ MPV 10.20£1.07 10.25+1.28 0.227

between the preoperative and postoperative platelet to
lymphocyte ratio and mean platelet volume in the group
without atrial fibrillation (p>0.05) (Table 4).

AF: Atrial Fibrillation, Lym: Lymphocyte MPV: Mean Platelet Volume

PLR: Platelet to Lymphocyte Ratio, Plt: Platelet
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DISCUSSION

The most common arrhythmia after coronary artery
bypass graft surgery is atrial fibrillation (5). Atrial
fibrillation can cause complications such as heart failure,
thromboebolism, renal insufficiency, morbidity, mortality
and prolonged hospitalization which increases the
cost per patient (6). A variety of risk factors have been
identified for atrial fibrillation; Advanced age, male sex,
diabetes mellitus, hypertension, valve disease, myocardial
infarction, heart failure, obesity, increased inflammatory
marker concentrations and prolonged PR interval (7).
Changes in the atria associated with age such as dilatation,
loss of nodal fibers, muscle atrophy, increased fibrous
tissue and fat tissue in the sinus node, local interstitial
amyloid deposits at the atrium, and advanced age have
been recognized as risk factors for the development of
atrial fibrillation after CABG (8). In our study it was seen
that average age was higher in the patients with atrial
fibrillation than without atrial fibrillation.

A study by Benjamin and colleagues investigating the effect
of atrial fibrillation on mortality showed a significantly
higher mortality rate in patients with atrial fibrillation (9).
The mortality rate of patients with atrial fibrillation in our
study is 4.4%, which is 1.5% in non-developing patients,
which supports the negative effect of atrial fibrillation on
mortality.

The study by Cigekgioglu and his colleagues showed that
patients with atrial fibrillation after coronary artery bypass
surgery had a longer intubation time (10). In our current
study, the duration of intubation was significantly longer
in patients with postoperative atrial fibrillation than in
those without atrial fibrillation.

In a study that Frustaci and colleagues conducted, it
was first suggested that there is a relationship between
atrial fibrillation and inflammation (11). There is also
an association between newborn atrial fibrillation and
inflammatory response after CABG operation.Studies
of the correlation between neutrophil / lymphocyte ratio
and development of atrial fibrillation by Gibson et al. have
shown that the rate of atrial fibrillation development is
higher in patients with a high neutrophil / lymphocyte ratio
that is used as an inflammatory marker (12). Inflammation
may play a role in the pathogenesis of atrial fibrillation
and may be explained by the high CRP levels, which are
indicative of systemic inflammation, and the incidence
of atrial fibrillation.Cardiac surgery triggers inflammatory
response resulting in activation of the complex system and
release of the inflammatory mediator (13). Ronnier and his
colleagues concluded an average follow-up of 7.8 years
on 5806 people that the patients with high CRP values
were 1.3 times more likely to develop atrial fibrillation (14).

The relationship between the development of atrial
fibrillation and inflammation in patients undergoing CABG
operation was first demonstrated by Lo et al. (15). Serum
levels of CRP, IL-6, IL-8, TNF alpha and platelet activation
were the most frequent on the second and third days after

CABG, and 70% of the atrial fibrillation developed in this
period (16).

In recent years, the platelet / lymphocyte ratio has been
used as a new marker to predict possible cardiovascular
morbidities (17).

Inflammatory mediators such as Interleukin 1 and
Interleukin 6 induce thrombocytosis by stimulating
megakaryocytic proliferation. Therefore, the number of
platelets can be regarded as a sign of inflammation. In
addition, lymphopenia is a sign of physiological stress
and generalized impairment (18). Recent studies suggest
that platelet / lymphocyte ratio is a marker of micro-
inflammation (19). It has been shown that increased
platelet / lymphocyte ratio is associated with coronary
slow flow (20). There are studies showing effects of
platelet / lymphocyte ratio on hospital stay and mortality
in myocardial infarction with ST elevation or not (21,22).
In a study of 2121 patients Gary and colleagues have
performed, itis suggested that patients with high platelet/
lymphocyte rates are at risk for critical limb ischemia (23).
In another study include 388 patients, a high platelet /
lymphocyte ratio was reported as an important risk factor
for predicting severe atherosclerosis (24). Beside the
evidences supporting the use of platelet to lymphocyte
ratio in cardiovascular diseases ,Seropian et al described
that higher platelet to lymphocyte ratio is associated with
worse outcome after heart transplantation (25).

A limited number of studies are available in the literature
on the association between platelet / lymphocyte ratio and
atrial fibrillation after CABG surgery. In a study conducted
by Gungor and colleagues, the relationship between
preoperative platelet / lymphocyte ratio and postoperative
atrial fibrillation was investigated and it was reported that
patients with higher pre-operative platelet / lymphocyte
levels had a higher risk of developing atrial fibrillation (26).
In our study, the preoperative and postoperative platelet/
lymphocyte rates of patients with atrial fibrillation after
isolated coronary artery bypass grafting were compared
with the control group and this ratio was found to
be significantly higher in the atrial fibrillation group
(p<0.001). Thus, in the light of the relationship between
atrial fibrillation and inflammation and the platelet /
lymphocyte ratio as an indicator of inflammation, the
platelet / lymphocyte ratio can be used as an inexpensive
and easily applicable marker, unlike other inflammatory
markers predictive of atrial fibrillation after isolated CABG.

Mean platelet volume (MPV) indicates platelet dimensions
and is an indication of platelet function activation. A study
comparing the MPV levels of patients with normal sinus
rhythm in patients with non-valvular atrial fibrillation
rhythm performed by Tekin et al., MPV values of atrial
fibrillation patients was found to be higher (27). Similar
findings were found in the study performed by Xu et al.
that MPV levels are associated with atrial fibrillation and
thromboembolic events (28). Early detection of stroke
patients with high-risk atrial fibrillation is important.
High MPV values have been shown to be significantly
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associated with stroke formation (29). In a similar study,
there was a correlation between stroke and high MPV
levels after CABG (30).

Studies have shown that there is a correlation between
levels of inflammation and increased MPV levels in some
chronic inflammatory diseases and is associated with
other inflammatory markers such as CRP and erythrocyte
sedimentation rate (31). Numerous studies have been
conducted on the pathogenesis of thrombosis and
inflammation in relation to numerous platelet markers,
including MPV (32). The results of these studies have
found significant results between inflammation and MPV
levels. As already mentioned studies have shown that
there is a link between inflammation and atrial fibrillation.
In our study, MPV levels as an indicator of inflammation
were found to be statistically significant in cases with
atrial fibrillation after isolated CABGO than without atrial
fibrillation (p=0.009). MPV is an inexpensive and effective
laboratory test that is easy to implement and results in a
short time and in our current study has yielded meaningful
predictions for newly developed atrial fibrillation after
isolated CABG operations.

As aresult PLR and MPV values are cheap and statistically
reliable laboratory tests that are easy to apply and gives
fast results in predicting atrial fibrillation after isolated
CABGO. There is a need for extensive studies involving
large patient populations to support this view and we
believe that when used routinely, is a valuable parameters
in terms of prophylactic treatment of AF that can develop
after CABG.
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