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Abstract

Objective To identify the factors associated with the development of postoperative atrial fibrillation (POAF) after coronary artery by-
pass graft (CABG) in elderly patients with coronary artery disease (CAD). Methods A total of 81 patients with CAD who underwent
CABG were enrolled in the study. Patients were divided into two groups: Group 1, without postoperative atrial fibrillation (59 patients,
74.6% men, mean age 65.8 £ 4.0 years); Group 2, with early new-onset atrial fibrillation after CABG (22 patients, 90.9% men, mean age
67.7 £ 5.4 years). Interleukin (IL)-6, IL-8, IL-10, C-reactive protein (CRP), fibrinogen, superoxide dismutase (SOD), N-terminal pro-B-type
natriuretic peptide (NT-proBNP), and troponin I were studied. Results During the observation period, atrial fibrillation occurred in 27.2%
cases, an average of 4.9 + 3.8 days after surgery. In group 2, the left atrium (LA) dimension was larger than in group 1 (43.9 £+ 3.4 mm vs.
37.6 = 3.9 mm, P < 0.001). Patients with POAF had significantly higher IL-6 (72.7 + 60.8 pg/mL vs. 38.0 =+ 34.6 pg/mL, P = 0.04), IL-8
(11.9 + 6.0 pg/mL vs. 7.7 + 5.4 pg/mL, P = 0.01) and SOD (2462.0 = 2029.3 units/g vs. 1515.0 £ 1292.9 units/g, P = 0.04) compared with
group without POAF. The multivariate analysis showed that the odds ratio (OR) for POAF development in patients with left atrium more
than 39 mm was 2.1 [95% confidence interval (CI): 1.2-3.8, P = 0.0004], IL-6 levels more than 65.18 pg/mL—1.4 (95% CI: 1.1-2.7, P =
0.009), IL-8 levels more than 9.67 pg/mL—1.2 (95% CI: 1.1-3.7, P = 0.009), SOD more than 2948 units/g—1.1 (95% CI: 1.01-2.9, P =
0.04). Conclusions In our study, the independent predictors of postoperative atrial fibrillation after CABG in elderly patients were left
atrium dimension and the increased postoperative concentration of IL-6, IL-8 and superoxide dismutase.
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pulmonary bypass, hypo-perfusion, aortic cross clamping,
hypoxia-induced inflammation and others. Also elderly pa-
tients after CABG usually have a longer mechanical ventila-
tion period and intensive care unit stay.'”!

Off-pump coronary artery bypass provides good quality

1 Introduction

Cardiovascular disease (CVD) is the leading cause of
morbidity and mortality of the elderly population in eco-
nomic developed countries. Coronary artery disease (CAD)

is one of the main manifestations of CVD. Revasculariza-
tion is indicated in patients with stable CAD and progres-
sive or refractory symptoms despite medical treatment. Eld-
erly patients with multivessel disease undergoing cardiac
surgery represent a high mortality and complication risk
especially in on-pump coronary artery bypass graft (CABG)
with aortic cross clamping!! The main factors of post-
CABG complications usually include anesthesia, cardio-
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graft without exposing the elderly patient to cardiopulmon-
ary bypass, and may be the optimal choice in patients with
multiple comorbidities not suitable for on-pump proce-
dures.”!

Atrial fibrillation (AF) is the most common arrhythmia in
early post-CABG period and occurs in 20% to 35% pa-
tients.’*”) In old patients, AF may be a life-threatening com-
plication. Postoperative AF (POAF) has been associated
with an increase in early and late mortality rates, hospital
adverse events, particularly hemodynamic instability, throm-
boembolic events and heart failure progression.! According
to the literature, it is necessary to derive an effective bed-
side tool in order to predict POAF and its related complica-
tions.”!

The aim of the study was to identify the factors associ-
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ated with the new-onset POAF after CABG in elderly pa-
tients with CAD.

2 Methods

A total of 81 patients with CAD who underwent CABG
were enrolled in this prospective study in Samara Regional
Cardiology Centre (Russia) from January to June 2015. In-
clusion criteria: stable CAD and signed informed consent.
Exclusion criteria: mechanical heart valve prosthesis or
valve disease which is expected to require valve replace-
ment intervention, liver and renal diseases, oncology dis-
eases, stroke or transient ischemic attack, coagulopathy,
history of AF, thyroid disease, and age over 80 years.

All patients underwent standard instrumental and labora-
tory tests. Transthoracic echocardiography was performed
on ultrasound scanners Logiq 5 and 7 (General Electric
company, USA) in M, B, D-modes. CABG was perfomed
on-pump or off-pump. After median sternotomy, routine
unicaval two stage venous cannulation and aortic cannula-
tion was performed for cardiopulmonary bypass. After ante-
and retrograde cardioplegia protocol, a cross-clamp was
placed. The primary study end point was new onset of AF
after CABG.

Patients were divided into two groups: Group 1, without
POAF (59 patients, 74.6% men, mean age 65.8 £+ 4.0 years);
Group 2, with early new-onset AF after CABG (22 patients,
90.9% men, mean age 67.7 £ 5.4 years). POAF was regis-
tered during monitoring in intensive care unit and using
ECG.

Interleukin (IL)-6, IL-8, IL-10, C-reactive protein (CRP),
fibrinogen, superoxide dismutase (SOD), N-terminal pro-B-
type natriuretic peptide (NT-proBNP), troponin I levels
were studied on admission and 3.8 + 1.4 days after surgery.
The levels of cytokines, CRP, SOD were assessed using
the immunoassay technique on Thermo Scientific Multiscan
FC microplate photometer (China) with the following
test-systems: IL-6, IL-8, IL-10, NT-proBNP and CRP en-
zyme-linked immunosorbent assay (ELISA kity—BEST
(“Vector-BEST”, Novosibirsk, Russian Federation), ELISA—
SOD (“Cytokin”, Saint-Petersburg, Russian Federation).
Fibrinogen levels were measured with coagulometer STA -
COMPACT (Roche, Switzerland) according to standard
Clauss method (1957). Troponin levels were measured with
immunoassay system UNICEL® DXI 600 ACCESS (Be-
ckman Coulter, USA).

Descriptive statistics was carried out using Statistica 7.0
software (StatSoft Inc., USA). Quantitative variables are
shown as mean + SD. The preoperative risk models Euro-
SCORE were used to predict morbidity and mortality. Uni-

variate and multivariate logistic regression analysis were
used to identify factors associated with POAF. Differences
were considered significant at P < 0.05.

3 Reaults

During the observation period AF occurred in 27.2%
cases on average 4.9 + 3.8 days after surgery. The clinical
and instrumental indicators of patients are demonstrated in
Table 1.

Patients of group 2 had longer history of CAD (107.4 +
75.9 vs. 65.4 + 48.5 months, P = 0.004), and a larger left
atrium (LA) dimension (43.9 £ 3.4 vs. 37.6 £ 3.9 mm, P <
0.001) compared with group 1. There were no significant
differences between patients of both groups according to
other indicators.

In patients with POAF in the postoperative period IL-6
(72.7 £ 60.8 pg/mL vs. 38.0 £ 34.6 pg/mL, P = 0.04), IL-8
(11.9 + 6.0 pg/mL vs. 7.7 £ 5.4 pg/mL, P =0.01) and SOD
(2462.0 £+ 2029.3 units/g vs. 1515.0 = 1292.9 units/g, P =
0.04) levels were higher, compared with patients without
POAF. No significant differences between patients of the
two groups according to others indicators were found. Data
are shown in Table 2.

The univariate analysis (Figure 1A) showed that the odds
ratio (OR) for POAF development in patients with a history
of CAD more than 36 months was 1.3 [95% confidence
interval (CI) 1.1-2.4, P = 0.009], a left atrium dimension of
more than 39 mm—2.4 (95% CI: 1.4-4.5, P =0.0001), IL-6
levels more than 65.18 pg/mL—1.6 (95% CI: 1.2-3.3, P =
0.01), IL-8 levels more than 9.67 pg/mL—I1.4 (95% CI:
1.1-2.9, P = 0.001), SOD more than 2948 units/g—1.3
(95% CI: 1.1-2.5, P=0.04).

The multivariate analysis (Figure 1B) showed that the
OR for POAF development in elderly patients with left
atrium more than 39 mm was 2.1 (95% CI: 1.2-3.8, P =
0.0004), IL-6 levels more than 65.18 pg/mL—1.4 (95% CI:
1.1-2.7, P =0,009), IL-8 levels more than 9.67 pg/mL—1.2
(95% CI: 1.1-3.7, P = 0.009), SOD more than 2948 units/g
—1.1 (95% CI: 1.01-2.9, P=0.04).

4 Discussion

AF is prevalent arrthythmia after CABG. In our study, the
incidence of POAF has been reported in 27.2% of elderly
patients following cardiac surgery. According to literature,
20%—40% of POAF occurs on the days 2-3 after opera-
tion.”! According to our data, the new onset of POAF oc-
curred on 4.9 = 3.8 days.
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Tablel. Clinical and instrumental indicators of studied patients.
Group 1 (n =59) Group 2 (n=22) P

Male 44 (74.6%) 20 (90.9%) 0.1
Age, yrs 65.9+4.0 67.7+£54 0.13
Smokers 24 (40.7%) 5(22.7%) 0.13
Body mass index > 30 kg/m’ 37 (62.7%) 15 (68.2%) 0.6
Stable angina

I - -

I 16 (27.2%) 4(18.2%) 0.4

11 40 (67.8%) 17 (77.3%) 0.4

v 1 (1.7%) - 0.8
History of myocardial infarction 31 (52.5%) 13 (59.1%) 0.59
History of CAD, months 65.4+48.5 107.4+75.9 0.004
Hypertension 59 (100.0%) 22 (100.0%) 0.8
NYHA

I R -

I 47 (79.7%) 15 (68.2%) 0.28

111 12 (20.3%) 7 (31.8%) 0.28

v - -
Diabetes melitus 13 (22.0%) 5(22.7%) 0.9
Transient ischemic attack/stroke 9 (15.3%) 3 (13.6%) 0.86
Peripheral artery disease 52 (88.1%) 16 (72.7%) 0.09
Chronic pulmonary disease 6(10.2%) 1 (4.5%) 0.42
Chronic kidney disease 17 (28.8%) 9 (40.9%) 0.3
Medical treatment before surgery

B-blockers 50 (84.7%) 18 (81.8%) 0.75

ACEI/ARB 48 (81.4%) 17 (77.3%) 0.68

Calcium channel blockers 11 (18.6%) 3 (13.6%) 0.59

Nitrates 21 (35.6%) 12 (54.5%) 0.12

Diuretics 5(8.5%) 3 (13.6%) 0.49

Statins 50 (74.6%) 19 (65.5%) 0.86

Aspirin 51 (86.4%) 17 (77.3%) 0.3

Clopidogrel 48 (81.4%) 16 (72.7%) 0.4
Left atrium, mm 37.6+3.9 439+34 <0.001
End-systolic dimension of left ventricle, mm 352+7.1 375+7.1 0.23
End diastolic dimension of left ventricle, mm 525+64 544+74 0.31
End-systolic volume of left ventricle, mL 53.6+27.5 55.7+12.0 0.81
End diastolic volume of left ventricle, mL 121.0+32.9 127.4+£19.9 0.55
Ejection fraction of left ventricle, % 59.1+9.5 552+9.6 0.13
GFR (CKD-EPI), mL/min per 1.73 m’ 66.4+16.5 74.4+19.7 0.09
EuroScore risk 1.78+ 1.4 1.75€1.5 0.27
Left coronary artery > 50% 10 (16.9%) 6(27.3%) 0.3
Number of grafts 2.5+0.8 2.8+0.7 0.13
Off-pump 9 (15.3%) 2(9.1%) 0.07

Data are presented as mean = SD or 7 (%) unless other indicated. ACEI/ARB: angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; CAD:

coronary artery disease; CKD-EPI: chronic kidney disease epidemiology collaboration; GFR: glomerular filtration rate; NYHA: New York Heart Association.

We have demonstrated that patients with POAF had his-
tory of CAD longer than patients without arrhythmia. His-
tory of CAD was the only clinical factor that associated with
POAF in univariate regression analysis but lost statistical
significance in multivariable analysis. No significant asso-

ciation with POAF was observed for the other clinical
indicators. In contrast to our data, Ivanovic, ef al.l! showed
that the metabolic syndrome, irrespective of hypertension,
diabetes, and obesity was associated with POAF. In another
study,” the mean age of patients with POAF was higher
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Table2. Laboratory findings.

Group 1 Group 2 P

(n=59) (n=22)
WBC before surgery, x 10°/L 7.0+1.8 6.7£2.0 0.69
WBC after surgery, x 10°/L 134433 135+34  0.78
Segmented neutrophils, % 749 £ 8.7 74.7+9.1 0.86
Lymphocytes, % 11.8+7.4 123+72 044
Monocytes, % 36+22 35+3.0 0.42
Eosinophils, % 1.6+1.0 19+13 0.65
Fibrinogen before surgery, g/L 34+0.9 35+1.1 0.69
Fibrinogen after surgery, g/L 42412 44+1.0 0.42
IL-6 before surgery, pg/mL 257+13.2 30.1+£26.5 0.07
IL-6 after surgery, pg/mL 38.0+34.6 72.7+60.8  0.04
IL-8 before surgery, pg/mL 22+13 2.7+24 0.26
IL-8 after surgery, pg/mL 7.7+54 11.9+6.0 0.01
IL-10 before surgery, pg/mL 74+4.7 63+33 0.33
IL-10 after surgery, pg/mL 11.6+5.7 119+64  0.86
CRP before surgery, mg/L 1.2+0.93 14+13 0.29
CRP after surgery, mg/L 4,5+0,.8 4.7+0.7 0.46

25232+2187.9 3230.2+2223.7 0.13
1515.0+£1292.9 2462.0+2029.3 0.04
309.7+£295.1 0.56
882.4+7832 04

24+1.8 0.69

SOD before surgery, units/g
SOD after surgery, units/g

NT-proBNP before surgery, pg/mL  239.9 + 138.1
NT-proBNP after surgery, pg/mL  748.1 + 697.4

Troponin I after surgery, mg/L 24+2.1

Data are presented as mean + SD. CRP: C-reactive protein; IL: interleukin;
NT-proBNP: N-terminal pro-B- type natriuretic peptide; SOD: superoxide
dismutase; WBC: white blood cell.
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Figurel. Factors, associated with POAF (univariate analyss).
CAD: coronary artery disease; IL: interleukin; POAF: postopera-
tive atrial fibrillation; SOD: superoxide dismutase.
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Figure2. Factors associated with POAF (multivariate analyss).
CAD: coronary artery disease; IL: interleukin; POAF: postop-
erative atrial fibrillation; SOD: superoxide dismutase.

and they more often had hypertension and chronic kidney
disease compared with our research.

In this study, we showed that LA is potentially associated
with POAF, which is comparable to the data of Onk, et al.¥
but he also showed that the left ventricular ejection fraction
was also a predictor of POAF. Ashes, et al'”! demonstrated
that new-onset or worsened left ventricle diastolic dysfunc-
tion after CABG surgery is associated with an increased
incidence of POAF which was not confirmed in our study
perhaps due to the small number of patients enrolled in the
study.

Different biological pathways have been related with
POAF. Novel biomarkers of inflammation, oxidative stress,
myocardial ischemia and neurohumoral activation have been
studied in pathogenesis of arrhythmia after CABG.!'"'%
Inflammatory factors such as the increase in white blood
cell count and CRP levels were implicated in the patho-
genesis of POAF.

Nonspecific indicators of systemic inflammation (white
blood cells) in our study were increased in both groups, but
no significant differences between groups were obtained.
According to our data, such conventional tests potentially
cannot be used to stratify the risk of AF after CABG.

Cardiopulmonary bypass related hemodynamic changes
may induce intraoperative atrial ischemia that has been hy-
pothesized to play an important role in the development of
POAF. The generation of reactive oxygen species, inflam-
matory factors, such as CRP, fibrinogen and ILs during the
atrial cannulation and also the ischemia-reperfusion phase
of cardiac surgery promotes the development of postopera-
tive complications.!''!

Our study showed no significant difference in CRP levels
between the groups that is potentially related to antibiotic
administration to all the patients in early postoperative pe-
riod. The data is different from some other studies who re-
vealed the influence of high concentration of CRP in in-
creasing of the new onset POAF after CABG."!

IL levels as main markers of the inflammatory process
usually increase in patients with POAF. This inflammatory
process may contribute to the development of postoperative
complications such as myocardial injury and multiple organ
dysfunctions. We found a potential significant increase in
the level of IL-6 and IL-8 after cardiac surgery in patients
with POAF. In our study, the results of multivariate logistic
regression showed significant association of high concentra-
tion of IL-6 and IL-8 with POAF. These cytokines are
pro-inflammatory factors. The literature data about the role
of these markers in the incidence of arrhythmia is contra-
dictory. Erdem, et al™” demonstrated that the CRP level
was significantly higher in the AF group, and multivariate
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logistic regression analysis showed that CRP was an inde-
pendent predictor of POAF together with mean platelet
volume, which suggested the participation of inflammation
in the pathogenesis of POAF after CABG. But Narducci, ef
al' showed that neither peripheral nor tissue preoperative
CRP levels correlated with occurrence of arrhythmia.

Oktay, et al" studied the role of oxidative stress fol-
lowing cardiac surgery and its contribution to POAF devel-
opment. Placement and removal of the aortic cross clamp
during CABG induces ischemia-reperfusion damage and
leads to increased oxidative stress. According to this data,
postoperative increased levels of oxidative stress indicators
support the impact of oxidative stress on the pathogenesis of
POAF.!"" They also investigated the relationship between
POAF and oxidative stress associated with ischemia reper-
fusion damage during aortic cross clamp manipulation in
CABG surgery by measuring plasma total oxidative stress
(TOS) levels,""! and showed that plasma TOS levels after
placement and removal of an aortic cross clamp were statis-
tically significantly different in patients who developed
POAF compared with those who remained in sinus rhythm.
In multivariate logistic regression analysis age, hematocrit
level, pump temperature, and plasma TOS levels were
found to be independent predictors of POAF.

We demonstrated that the concentration of SOD was
high in the preoperative period in both groups and was as-
sociated with multi-vessel coronary disease in elderly pa-
tients with CAD, which is accompanied by the activation of
oxidative stress markers and antioxidants. In the post-opera-
tive period, we observed potential significant lowering of
SOD levels in both groups which may be related to the
consumption of antioxidants that is similar to literature
data.™ In our study, in patients with POAF, the level of
SOD after cardiac surgery remains higher compared to the
patients without POAF which indicates the activation of
oxidative stress in the group during myocardial revasculari-
zation. Our findings differ from the work of Stevanovic, et
al. ' where the oxidative stress biomarkers and antioxi-
dants was comparable in patients with and without POAF.

The concentration of troponin in our study increased after
CABG in both groups but the difference between patients
was not significant. Herndndez-Romero, et al.'” found that
a high preoperative level of high-sensitivity troponin T was
an independent predictor of AF after CABG. The author
suggested that peri-operative myocardial damage is not as-
sociated with an arrhythmia. Narducci, et al.l'"? found that
only post-operative high-sensitivity troponin T level corre-
lated with POAF, suggesting the primary role of an ischem-
ic trigger of atrial fibrillation.

We studied plasma N-terminal pro-B-type natriuretic

peptide (NT-proBNP) levels as a potential predictor of heart
failure in patients with CAD after CABG. We showed the
increase of this biomarker after cardiac surgery in both
groups but the difference between patients with and without
POAF was not significant. Our data varies from Pilatis, et
al. "™ who showed an association of increased preoperative
BNP level with the development of POAF. On the other
hand, Hernandez-Romero D, et al.!'”" demonstrated that
NT-proBNP could not serve as a predictor of AF after
CABG. However, our study has limitation due to the small
number of the enrolled patients that potentially affects the
strength of our results.

In conclusion, in our study the independent predictors of
postoperative atrial fibrillation after coronary artery bypass
graft in elderly patients were left atrium dimension and the
increased postoperative concentration of IL-6, IL-8 and su-
peroxide dismutase.
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