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mechanism is still unclear, the systemic inflammatory response to
surgery [4] furthermore, myocardial ischemia accompanied by
dysfunctional grafts is of noteworthy significant [5]. Valvular or
ischemic heart diseases, age-associated degenerative changes in the
conductive system or inter atrial impulse conduction disorders could
be also implicated [6-8].
The inflammatory processes and AF, in general, could be associated
with high level of platelet activation markers. Monocyte–platelet
aggregates (MPAs) are precise and sensitive markers to identify
platelets activation [9,10]. The majority of the soluble CD4O Ligand
(sCD40L) reflects platelet activation and its level is elevated in patients
with AF[11]which will increase the risk of thrombosis and stroke
during the arrhythmia particularly after CABG [12,13].
We tested the relation between preoperative platelet activation
markers and the risk of POAF in patients in sinus rhythm undergoing
on-pump CABG.

Methods

Abstract

Study population

Background: Atrial fibrillation (AF) is the most well-known
arrhythmia following coronary artery bypass grafting (CABG)
that in turn may lead to a longer hospital stay and a worse
postoperative prognoses. AF is known to be a cause of platelet
activation; we investigated the relationship between the platelet
activation markers and the risk of AF after coronary bypass
graft surgery.

The study included 50 patients undergoing isolated on pump CABG
in the Cardiothoracic Surgery Department, of Assiut university
hospital. Detailed medical history and cardiac investigations data were
collected including; Euroscore, left ventricular function, and left atrial
diameter, history of medication, and any cardiac risk factors before the
operation. Selected patients had no history of AF prior to CABG,
where patients with history of paroxysmal AF or chronic AF were
excluded from the study.

Methods: Blood was drawn one day before the operation from
fifty patients scheduled for isolated on pump CABG. The
monocyte–platelet aggregates (MPAs) content were assessed
by Flow cytometric quantification analysis. Moreover, soluble
CD40 Ligand (sCD40L) level, soluble P-selectin (sP-selectin)
and D-dimer levels were quantified by immunological ELISA
technique. Post-operative AF (POAF) events were followed up
during hospitalization.
Results: Post-operative AF (POAF) noticed in 22% of patients,
in the first postoperative week. Preoperative levels of both
sCD40L, sP-selectin and D-Dimer were significantly higher in
those who developed POAF. CD41 expression on monocytescellular marker of platelet activation- and the content of MPAs
were increased in those patients encountered POAF.
Conclusion: Preoperative platelet activation as affirmed by
both soluble and cellular markers in addition to the content of
MPAs markers seems to be an unprecedented predictor of the
postoperative atrial fibrillation.
Keywords: Platelet activation markers; Atrial fibrillation; CABG

Introduction
Post-operative atrial fibrillation (POAF) is prevalent after coronary
artery bypass grafting (CABG). POAF incidences range reported from
25% to 40% [1].The incidence rang increased in patients who
underwent valve procedure with CABG [2,3]. Many proarrhythmic
factors are attributed for the occurrence of POAF and the exact

Other exclusion criteria included patients on medical treatment
(amiodarone or digoxin), patients presenting with an acute coronary
syndrome, concomitant valve or vascular surgery, infectious or
inflammatory disorders, chronic obstructive pulmonary disease
(COPD) and thyroid disease.
Selected patients were advised to stop antiplatelet medication
(aspirin and clopidogrel) one week before surgery. Those who did not
develop postoperative AF during the same period served as the control
population (who remained in sinus rhythm until discharge).
AF was diagnosed on the basis of abnormalities on 12-lead
electrocardiogram (ECG) recording, lasting for at least 30 seconds and
was characterized by sustained arrhythmia, irregular RR intervals,
absent P waves, and different intervals between atrial contractions
(cycle<200 ms) According to the guidelines of the European Society of
Cardiology, 2010 [8].

Clinical end points
Clinical data were collected during the hospital stay, including the
length of hospital stay, any major cardiovascular events (like
myocardial infarction, unstable angina, need for redo surgery, or
death) during postoperative follow-up.
The clinical endpoint of the study was the development of AF of any
duration, during hospitalization until discharge. Heart rhythm was
monitored continuously for the first 48 hours postoperatively and at 4hour intervals thereafter for 2-3 days. Then by daily ECG until
discharge.
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Angina was defined by Canadian Cardiovascular Society
Classification (CCS) [14] and Heart failure classifications were based
on the New York Heart Association (NYHA) guidelines [15].
Postoperative MI was characterized by the rise of myocardical markers
above the normal levels, or appearance of new Q waves on
electrocardiograms through follow-up.

Left atrial (LA) diameter, evaluation of valvular heart diseases and
LVEF were gotten by Echocardiography.
The study was approved by the institutional medical ethics
committee of faculty of medicine-Assiut University, and all patients
gave informed consent.

Acute coronary syndrome was distinguished by ST-elevation
myocardial infarction, non ST-elevation myocardial infarction, or
unstable angina.
Parameters

Patients with AF (n=11)

Patients without AF (n=39)

Age (yrs.) mean

62 ± 8

54 ± 9*

Range

(40-74)

(38-71)

Male/Female

43167

43373

Hypertension, n (%)

5(45%)

18(46%)

Diabetes mellitus, n (%)

6(55%)

20(50%)

Obesity, n (%)

3(27%)

14(36%)

Smoking n (%)

6 (56%)

23(59%)

COPD n (%)

2(22%)

5(13%)

Previous MI n (%)

44(63%)

43(55%)

Euroscore

3.20 ± 1.98

2.52 ± 1.69*

I or II

2(18%)

6(15%)

III or IV

9(82%)

33(85%)

Left atrial diameter, cm

4.2 ± 1.95

4.1 ± 1.67

LVEF (%)

54.21 ±10.47%

53.81 ± 10.29%

<4 vessels

5(45%)

19(49%)

≥ 4 vessels

6(55%)

20(51%)

Aspirin

10(90%)

38 (97%)

Clopidogrel

2(18%)

12(31%)

Statins

10(90%)

35(89%)

β-Blockers

5(46%)

27(69%)

ACEIs

5(46%)

22(56%)

Operative time, min

234.4 ± 33.7

216.2 ± 44.1*

Use of IABP n (%)

1 (9%)

3 (8%)

Comorbidities:

Preoperative CCS, n (%):

Echo. Findings:

Angio. Findings n (%):

Medications, n (%):

Operative Data:
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Laboratory parameters:
Cholesterol, mg/dl

195 ± 78.7

169.4 ± 58.9*

Triglycerides, mg/dl

205.2 ± 95.5

156.7 ± 62.4*

HDL, mg/dl

44.9 ± 12.8

38.3 ± 15.9

WBC count, × l09//L

6.6 ± 3.4

7.1 ± 1.7

Monocytes, %

6.2 ± 1.8

5.1 ± 1.4

Neutrophils, %

56.4 ± 11.9

54.1 ± 10.4

Lymphocyte, %

21.1 ± 3.9

24.6 ± 5.1

N/L ratio

2.9 ± 1.4

2.3 ± 0.9*

Hb, gldL

11.9 ± 1.8

12.4 ± 1.6

Platelets, x 109 /L

219 ± 66

199 ± 92

Creatinine, µmol/L

114.1 ± 2.6

110.1 ± 4.4

Table 1: Demographic and clinical characteristics of the study participants.
Data are presented as mean ± SD. *P value <0.05=significant.
COPD, chronic obstructive pulmonary disease; MI, myocardial
infarction; CCS, Canadian Cardiovascular Society score; LVEF left
ventricular ejection fraction; ACEIs, angiotensin-converting enzyme
inhibitors; IABP, intra-aortic balloon pulsation; HDL, high density
lipoprotein; WBC, white blood cells; N/L, neutrophil/lymphocyte.

Blood samples
Venous blood samples were obtained preoperatively, from all of the
study participants with minimal stasis into citrated vacutainers tubes.
Samples for flow cytometric analysis were utilized instantly or within
20 minutes from the collection time to avoid artificially misleading
increased levels secondary to in vitro platelet activation. Other samples
were centrifuged; plasma aliquots were collected and stored at -80°C
until assayed.

Monocytes were specified by gating based on CD45 expression and
side scatter to select monocytes. The content of MPAs was determined
by the co-expression of the platelet marker CD41 (glycoprotein IIb/
IIIa) and monocyte marker CD14 (lipopolysaccharide protein
receptor) on monocytes and was expressed as mean fluorescence
intensity (MFI), as relative count (represent the percentage of
monocytes with coexpression CD41 andCD14 on all monocytes). The
absolute count (cells per µl) was calculated from the relative number
proportionally to the count in the standard blood test. A least of 3000
monocytes was calculated for each test.

Assessment of the levels of soluble platelet activation markers
sCD40L, sP-selectin, high-sensitivity C-reactive protein (CRP), and DDimer were determined by a Sandwich enzyme immunoassay (ELISA)
(using ELISA kit by R&D Systems®, Germany). The lower limits of
detection for the assay were 0.016 ng/mL0.8 ng/mL, 0.175 mg/Land
0.10 μg FEU/ml respectively.
sCD40-ligand was chosen to symbolize the interface of platelets,
thrombosis, and inflammation. So also, soluble P-selectin was chosen
to quantify platelet and even endothelial cell activation.

Flow cytometric analysis
Monocyte–Platelet Aggregates (MPA): Flow cytometric analysis was
performed using a BD FACSCalibur flow cytometer, all used antibodies
were purchased from Becton–Dickinson (BD), Oxford, UK.
In brief, 50 µl blood was labeled within 20 min with CD45-FITC,
CD14-APC, and CD41-PE for 15 minutes at room temperature. At
that point, RBCs were lysed using buffered ammonium chloride and
examained by FACScan.
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Figure 1: Monocyte-platelet aggregates (MPA %) in patients with
and without POAF.

Platelet surface CD40 ligand
Blood was diluted 1:10 in (phosphate-buffered saline solution (PBS)
and labeled within 10 minutes of collection by incubation with specific
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antibodies. Fifteen microliters of diluted blood sample were incubated
with 10 µl of CD42b-FITC (binds to “resting and activated” platelet
glycoprotein1b) and 10 µl of CD154 (which binds to platelet CD40L).
Samples were diluted with 200 mL PBS after incubation and instantly
examined and interpreted by FACScan flow cytometer. The results
were expressed as the mean fluorescence index (MFI) of CD40L [11].
A minimum of 10000 platelets was counted for each test.

Statistical analysis
Statistical analysis was performed using SPSS version18. Data are
given as mean ± standard deviation error of the mean (SD). For
comparison, the data with a normal distribution were analyzed
utilizing an unpaired Student’s t-test and data with a non-Gaussian
distribution were tested using the Mann-Whitney U test.
Multivariate test was used for logistic regression analysis, Odds ratio
and 95% confidence interval were calculated, and Receiver-operating
characteristic (ROC) curve analyses were used to evaluate the
sensitivity and specificity of each parameter for predicting POAF. A p
value<.05 was considered as statistically significant.

Results
Clinical characteristics and laboratory investigations of the study
participants are outlined in Table 1. Fifty patients were included in this
study all patients underwent isolated on-pump surgery. Postoperative
new AF was detected in 22% during post-operative hospitalization. No
significant differences in the clinical demographic characteristics
between the patients who remained in sinus rhythm and those who
developed AF with respect to patients sex, associated diabetes,
hypertension, and levels of preoperative hematological and other
laboratory parameters. However, the neutrophil/lymphocyte (N/L)
ratio was significantly higher in patients who develop POAF although
no difference was found between neutrophil and lymphocyte counts.
Also, platelet count was similar in both groups while MPV was
significantly higher in the in patients who develop POAF group (8.7 ±
1.3 vs. 7.8 ± 1.2, p=0.001). Furthermore, serum cholesterol level and
serum triglyceride level were significantly higher in patients with AF
group.

Parameters

Patients with AF (n=11)

Patients without AF (n=39)

p-value

Platelet count

219 ± 66

199 ± 92

0.54

MPV (fl)

8.7 ± 1.3

7.8 ± 1.2

0.001

sCD40L (pg/ml)

36.1 ± 3.4

34.1 ± 3.5

0.65

sP-selectin (ng/ml)

65.2 ± 1.9

52.1 ± 3.1

0.04

D-dimer (mg FEU/l)

0.14 ± 0.05

0.12 ± 0.03

0.45

CRP (mg/l)

6.1 ± 1.8

5.9 ± 2.1

0.65

MPA (%)

57±4

35 ± 3

0.001

Total MPA, per µl

295 ± 31

137 ± 21

0.001

CD4OL (MFI)

12.6 ± 0.9

10.2 ± 1.4

0.04

CD41 on monocytes (MFI)

192.2 ± 12

119.2 ± 18

0.01

Table 2: Markers of platelet activation within the study patients
Results are presented as mean ± SD. P value<0.05 is significant.
MPV= mean platelet volume; fl=femtoliter; sCD40L=soluble CD40
Ligand; sP-selectin= soluble P selectin; CRP= c reactive protein; MPA=
monocyte-platelet aggregates.
Additionally, there was no variation in the preoperative medication
lines between groups. What’s more, all patients underwent on-pump
CABG, and there were no preoperative remarkable differences in the
left ventricular function or LA diameter between those who
experienced postoperative AF and those patients remained in sinus

rhythm. However, mean age and Euroscore were significantly higher in
the AF group, with a trend for a longer total duration of operation
(Table 1).
Patients who developed POAF had higher levels of sCD40L and sPselectin however only sP-selectin reached statistical significance
(p=0.04) compared to patients remained in sinus rhythm (SR). In
addition, the level of CRP and D-dimer were higher in POAF patients
(6.1 ± 1.8 vs. 5.9 ± 2.1; 0.14 ± 0.05 vs. 0.12 ± 0.03 respectively) (Table
2).

Parameters

Odds ratio

95% Confidence interval

p-value

Platelet count

0.97

0.92-1.06

0.29

MPV (fl)

1.97

1.41-3.12

0.001

sCD40L (pg/ml)

1.87

1.38-2.98

0.004
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sP-selectin (ng/ml)

1.07

0.97-1.34

0.23

D-dimer (mg FEU/l)

0.93

0.82-1.11

0.41

CRP (mg/l)

1.18

1.09-1.25

0.05

MPA (%)

2.09

1.89-3.22

0.005

CD4OL (MFI)

1.13

1.02-1.24

0.016

CD41 on monocytes (MFI)

1.15

1.06-1.32

0.03

Table 3: Multivariate logistic regression analyses of predictors for atrial fibrillation among AF patients.
MPV=mean platelet volume; fl=femtoliter; sCD40L=soluble CD40
Ligand; sP-selectin= soluble P selectin; CRP=c reactive protein;
MPA=monocyte-platelet aggregates.

Monocyte-platelet aggregates
The total Monocyte–platelet aggregates count were significantly
increased in patients with POAF (295 ± 31 vs. 137 ± 21 cells/µl,
p=0.001), and the relative proportion of MPAs on monocytes was also
increased (57 ± 4 vs. 35 ± 3 %, p=0.001). In addition; the MFI of CD41
on monocytes were increased in patients with POAF and it was
statistically significant (192.2 ± 12 vs. 119.2 ± 18, p=0.01) (Table 2 and
Figure 1).

CD 41 and CD40 L expression
High expression of CD41 on monocyte was observed in patients
with POAF compared to patients without POAF (192.2 ± 12 vs.119.2 ±
18, p=0.01). Similarly, The level of CD 40L expression on platelet
surface was significantly higher in patients with POAF (p=0.04) (Table.
2). Multivariate logistic regression analysis validated both, CD41
expression on monocytes and CD40L expression on platelets(p=0.01,
p=0.04 respectively) as independent predictors for POAF after
adjustment of the other parameters like age, diabetes, LVEF, LA
diameter, leukocyte count, CRP and D-dimer (Table 3). In the Receiver
operating characteristic (ROC) curve analysis, MPAs% in relation to
the other markers demonstrated the highest sensitivity and specificity
for prediction POAF (Figure 2).

Discussion
In the present study, POAF occurred in 22% of total 50 patients
during hospitalization. The incidence of POAF has not decreased
despite the growing advance in the surgical techniques and improved
modality of post-operative care. Previous studies revealed different
incidences of POAF which varies from 12% in a study by Sobczyk et al.
[16] to 23% [8,17] and 26% [18] in other studies. The differences may
be due to the age range of the studied patients, presence of coexisting
diseases, the type of cardiac surgery and finally the criteria used for
defining arrhythmia [8] inflammatory response induced during the
extracorporeal circulation claimed to be the cause of increasing
incidence of POAF [17].

Figure 2: Receiver operating characteristic (ROC) curve analyses of
MPA%, CD40L, sCD40L and sP-selectin for prediction of POAF.
A multivariate logistic regression analysis was performed showed
that MPV, MPAs% in addition to CRP were an independent predictors
of postoperative AF after adjustment of the other parameters (odds
ratio [OR] 1.97, 95% confidence interval [CI] 1.41-3.12, p=0.001; OR
2.09, 95% CI 1.89-3.22, p=0.005, and OR 1.18, 95% CI 1.09-1.25,
p=0.05 respectively) (Table 3).
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In this study, the age of POAF patients were older than those
without AF (average age 62 vs. 54 years, p<0.05), that may be due the
changes occurred in the cardiac conduction system with aging. Similar
results were reported by Banach et al [18], age was considered the most
significant factor in increasing the risk of POAF [8,19]. There is an 8fold increase in the risk of POAF with the age over 60 years (18), the
risk increased by 100% with patients aged over 70 years [16,20]. The
incidence rates of concurrent diseases like diabetes, hypertension,
coexisting heart failure, or renal failure did not differ between those
with and those without POAF patients in the present study as revealed
previously [21].
High preoperative CRP was linked to the expanded risk of POAF
[22,23]. Similarly, an elevated N/L ratio was related to the occurrence
of post CABG AF [22,24]. Here, both CRP and N/L ratio were
significantly higher in patients with POAF. Many methods are used to
measure platelet activity either by direct assays (e.g. flow cytometry), a
highly sensitive technique which can detect at least 1% of activated
platelets or indirectly by detecting the activated platelets metabolites
[25].
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For the few last decades, MPV has been proved as an easy simple
method of platelet activation in many diseases usually coexist with AF
[25]. Previous studies found that MPV was an independent predictor
of POAF and its level was significantly higher in those patients [22,26],
we got the same finding in this study. MPV is an indicator for platelet
activity where large platelets are commonly reactive with expanded
inflammatory activity and thrombotic possibility [27].
Previous studies have proved the relationship between the leading
role of platelets in inflammation and occurrence AF [28]. This could be
explained by the release of some inflammatory markers like
thromboxane A2 and beta thromboglobulin during platelet activation
and even high expression of the adhesion molecules (22).
Elevated preoperative levels of sCD40L “a platelet activation
marker” is associated with a higher risk of POAF after CABG surgery
[5]. This platelet marker belongs to the tumor necrosis factor
superfamily act as a proinflammatory and prothrombotic mediator
[29].
sCD40L from the activated platelets promotes clot formation and
consequently the risk of microthrombi. Together with it is role in the
proinflammatory transcriptional pathways involved in the
development of AF and postoperative arrhythmogenesis [30].
Studies denoted the role of sCD40L not only in the pathogenesis of
AF but also in increasing the risk of thrombotic complications in
POAF patients [12,31]. sP-selectin “ soluble product from platelet
granule membrane protein P-selectin “ is another marker of platelet
activation released mainly from the activated platelet after
degranulation and a minimal amount from the endothelium [32].
Initial studies had identified associations between sP-selectin and
many atherothrombotic risk factors like peripheral vascular disease
and smoking [25]. Others proved that a higher level of sP-selectin is
associated with an increased incidence of permanent AF than
paroxysmal AF [11,33]. They had been suggested that sP-selectin gives
background on chronic platelet activation [11], it can better detect
activated platelets in clinical situations where chronic stimuli are
existed [25]. Consistent with these studies, we found that the
preoperative levels of the soluble platelet markers sCD40L together
with sP-selectin were greater in patients with postoperative AF.
Postoperative AF can prompt hemodynamic instability, which in
turn will increase the length of hospital stay and risk of stroke by twoto four fold [4,5]. While few studies described the association between
postoperative AF and mortality risk. This association is independent of
coexisting cardiovascular disease as CHF, left ventricular dysfunction,
old age, and other comorbidities [1,34].
Platelet activation markers which are associated with AF, like
CD40L and P-selectin remained in the blood for a short period after
activation [10,35]. MPAs, on the other hand, believed to be more
steady and stayed elevated for a while may be months after activation
[36]. Previous studies evaluate the role of MPA as a marker of
thrombotic risk in POAF patients [10]. The effect of blood stasis on
platelets activation explained by Igarashi et al. as a negative correlation
between A-ATIII complex and D-dimer level with the low blood flow
founded [37].

Preoperative platelet activation as affirmed by both soluble and cellular
markers in addition to the content of MPAs markers seems to be an
unprecedented predictor of the postoperative atrial fibrillation.
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