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Abstract
Introduction: Atrial fibrillation (AF) is a frequently encountered complication
after coronary artery bypass grafting (CABG), but its underlying mechanisms
are still unclear. The natriuretic peptides have been reported as markers for
predicting the occurrence of postoperative AF. This study evaluates whether
the ScaI ANP gene polymorphisms predict the occurrence of postoperative AF.
Material and methods: A prospective study of 203 consecutive patients
with coronary artery disease undergoing elective CABG was undertaken for
atrial natriuretic peptide (ANP) ScaI gene polymorphism. Several perioperative data were analysed. Postoperative AF was defined as lasting for at
least 15 min, confirmed by 12-lead ECG and occurring within 6 postoperative days. The ScaI polymorphism of the ANP gene was determined by polymerase chain reaction (PCR). Size-dependent separation of the PCR products
on a polyacrylamide gel was followed by staining with ethidium bromide.
Results: The total frequency of AF was 19.7%. The frequencies of ScaI ANP
gene polymorphisms were as follows: A1A1 4.90%, A1A2 59.60% and A2A2
35.46%. In order to assess the hypothesis that the A2 allele is a marker of
increased risk of postoperative atrial fibrillation, the odds ratio (OR) was
calculated: A2 vs. non-A2, OR = 0.98 (0.23–4.1), p = 0.97, which was not
significant. The odds ratios for A2A2 and A1A1 were not significant either:
A2A2 vs. non-A2A2, OR = 1.11 (0.54–2.29), p = 0.76, and A1A1 vs. non-A1A1,
OR = 1.17 (0.23–5.92), p = 0.84.
Conclusions: ANP genotype did not predispose to the incidence of “new-onset” AF.
Key words: coronary artery disease, gene polymorphisms, coronary artery
bypass grafting, ScaI ANP, atrial fibrillation.

Introduction
Atrial fibrillation (AF) is a common complication after coronary artery
bypass grafting (CABG) [1–3]. Arrhythmia is considered to be one reason
for increased peri-operative morbidity, prolonged hospital stay and increased costs [1, 4]. The pathogenesis of postoperative AF is still not well
established. The best documented risk factors are increased age, congestive heart failure and peri-operative ischaemia [1, 2, 4–6]. Studies suggest
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that an important role is played by a peri-operatively induced systemic inflammatory response in
the pathogenesis of AF [7]. The recently published
data showed that perioperative treatment with
atorvastatin is useful to decrease the incidence
of AF in patients undergoing isolated heart valve
surgery [8]. Moreover, a genetic predisposition to
postoperative AF has been proved [9]. Among various pathophysiological factors predisposing to
development of paroxysmal AF, interesting ones
seem to be increased P-wave duration and dispersion that are observed in patients with diabetic
autonomic neuropathy [10]. More recently, a simple risk score for prediction of postoperative AF
has been validated [11]. In this large observational study several clinical features, i.e. age, chronic
obstructive pulmonary disease, need of preoperative intra-aortic balloon pump, left ventricular
ejection fraction less than 30%, renal failure and
any valve surgery were identified as independent
predictors of postoperative AF. Although there are
many well-identified clinical and biochemical risk
factors, there is still a lack of sufficient data on
genetic predictors of postoperative arrhythmia.
It has been demonstrated that atrial natriuretic
peptide (ANP) is a hormone which plays an important role in congestive heart failure (CHF) and hypertension [12, 13]. The ANP has natriuretic, diuretic
and vasodilatative properties. Increased atrial-wall
tension as a result of increased intravascular volume stimulates release of ANP [14]. This phenomenon occurs in patients with heart failure but also
during cardiac surgery. There is strong evidence
that low-dose continuous infusion of human ANP
during cardiac surgery leads to a reduction in central venous pressure, the systemic vascular resistance index and the pulmonary vascular resistance
index. Additionally, a reduction in levels of renin,
angiotensin-II, aldosterone, and pleural effusion
has been observed in comparison with patients
who did not receive ANP infusion [15]. As pleural
effusion and fluid overload of the atrium are considered to be partially responsible for postoperative
atrial fibrillation, these observations may suggest
the potential role of ANP in the pathogenesis of
the arrhythmia. On the other hand, a relationship
between ANP gene polymorphism and a history of
supraventricular tachycardia has been observed in
patients with dilated cardiomyopathy [16].
The aim of the study was to explore whether
the A2 allele is a marker of increased risk of postoperative atrial fibrillation.

Material and methods
Study population
The 203 white patients included in the study,
152 male and 51 female, were qualified for elec-

tive coronary artery surgery. Written informed
consent was obtained from each person. All consecutive patients were inhabitants of the Pomeranian region and were operated on at the Department of Cardiac Surgery at the Medical University
of Gdansk. All the patients were interviewed by
one physician before the operation and data were
recorded on the following: angina status according to the Canadian Cardiovascular Society (CCS),
history of myocardial infarction, arterial hypertension, diabetes and previous arrhythmias, including chronic and paroxysmal AF. Patients who had
either persistent or permanent AF, atrial flutter
or atrial tachycardia on a standard 12-lead ECG
obtained on the day of the operation were excluded from the study. Twenty-four of the included patients had reduced ejection fraction heart
failure (REF-HF) and 5 of them had EF less than
30%. Ninety-five patients were operated on with
standard CABG using extracorporeal circulation
and 108 patients underwent off-pump coronary
artery bypass surgery (OPCABG) without cardiopulmonary bypass, on a beating heart. The risk of
peri-operative mortality was estimated according
to EuroSCORE [17]. The study protocol was approved by the local ethics committee.

Genetic analysis
Genomic DNA was isolated from whole blood
taken from a patient on the day before surgery using the Blood DNA Prep Plus spin-column system
according to the protocol provided by the manufacturer (A&A Biotechnology, Gdansk, Poland).
The ScaI site polymorphism of the ANP gene was
determined by polymerase chain reaction (PCR) by
standard techniques [18]. A fragment of 234 base
pairs (bp) was amplified in the region encompassing exon 3 of the ANP gene, with the sense primer (5′-GGT GGG AAG CAG GTG GTC AGT ACT CAA
GTT CAG AGG ATG GGC-3′) and antisense primer
(5′-CAC AAC TCC ATG GCA ACA AGA TGA CAC AAA
TGC-3′). To detect T2238→C transition, restriction enzyme digestion with ScaI was performed
according to the protocol provided by the manufacturer (Promega, Madison, Wis). The size-dependent separation of the PCR products on a 12%
polyacrylamide gel was followed by staining with
ethidium bromide. In the presence of the polymorphic site for the A2 allele 3 fragments were generated corresponding to sizes 117, 96 and 21 bp. For
the A1 allele a fragment of 234 bp was split into
213 and 21 bp products [19], as shown in Figure 1.

Arrhythmia analysis
Atrial fibrillation was assessed using a continuous ECG monitor system (Hewlett Packard, USA)
with the possibility of rhythm disturbance analy-
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Figure 1. Genotyping by polyacrylamide gel electrophoresis of PCR–RFLP. A fragment of the ANP gene
was amplified and products were digested with
ScaI restriction enzyme, subsequently run on 12%
polyacrylamide gel using 1% solution ethidium bromide to visualize the fragments
1 – Marker, 2 – ANP amplified product, 3 – the homo
zygous A1 allele appeared as 213 and 21-bp bands,
4 – the homozygous A2 allele appeared as bands of 117,
96 and 21 bp, 5 – the heterozygotes A1A2 exhibited all
bands (213, 117, 96 and 21 bp).

Table I. ScaI ANP genotype frequency in 203 patients with ischaemic heart disease admitted for
CABG
ScaI ANP genotype

Number of patients (%)

A2A2

72 (35.5)

A1A2

121 (59.6)

A1A1

10 (4.9)

CABG – coronary artery bypass grafting, ANP – atrial natriuretic
peptide.

sis during the patient’s stay in the intensive care
unit (ICU). Subsequently, during the first 24 h after
leaving the ICU, each patient was monitored using
the Space Lab system (Space Lab, USA). A standard 12-lead ECG was performed once a day and
continually in any case of clinical manifestations
of arrhythmia. The analysis took into account every incident of AF lasting longer than 15 min or
requiring medical treatment because of the patient’s instability. The period during which the
patients were observed was restricted to 6 postoperative days.

Statistical analysis
Values are expressed as mean and standard
deviations. The EuroSCORE data are median and
range and were compared using the Kruskal-Wal-
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lis test. The χ2 test was used for analysis of the
categorical variables, and Student’s t-test was
used for continuous variables with normal distribution. On the other hand, the Mann-Whitney
U test was used for non-normally distributed continuous variables. When more than two groups
were compared, an ANOVA test was used. The
relationship between ScaI ANP gene variants and
the incidence of “new-onset” AF was assessed
and the odds ratios were calculated using a logistic regression model.
P-values of less than 0.05 were considered to
be significant. Statistical analysis was performed
using Statistica 10.0 (StatSoft).

Results
Allele distribution in this group of 203 patients
is presented in Table I. There was dominance of
A1A2 heterozygotes.
The clinical profile of the 203 patients with
ischaemic heart disease admitted for CABG and
OPCABG is presented according to ScaI ANP genotype in Table II. In general, there were no significant differences between the patients’ parameters. There were no significant differences in mean
age, body mass index (BMI), left ventricle ejection
fraction (LVEF) or left atrial size (LA) between the
A2A2 and A1A2 groups. There was a significant
difference in the length of time from the first angina pectoris episode to the time of cardiac surgery between patients with A1A1 and A1A2, 10.9
years versus 8 years respectively. Patients with the
A1A2 genotype had a higher level of plasma triglycerides compared to those with the A2A2 genotype, 185.7 and 150.7 mg/dl respectively.
Two hundred of the patients completed the
6 days follow-up. A total of 4 patients died peri-operatively, 2 with the A2A2 and 2 with the A1A2
genotype. Three deaths occurred in the first 24 h
after surgery and 1 patient died on the 10th postoperative day. All deaths were due to perioperative low output syndrome and none was caused
directly by atrial fibrillation. A total of 40 (19.7%)
patients developed AF postoperatively. The distribution of AF in particular allele groups is presented in Figure 2.
ANP genotype did not predispose to the occurrence of “new-onset” AF, as shown in Table III.
The distribution between particular genotypes
of other clinical data obtained during the intra- and
postoperative periods is presented in Table IV. There
were no significant differences in postoperative
complications between any particular groups.
The limited number of the patients with the
A1A1 genotype might have distorted our results.
Therefore, as a next step, the patients carrying the
A1A1 and A1A2 genotypes were analysed jointly to
represent the A1-allele-positive participants, and
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Table II. Clinical profile of 203 patients with ischaemic heart disease admitted for CABG and OPCABG according
to ScaI ANP genotype. The analysis was made using the ANOVA test for continuous variables and χ2 test for categorical data
Parameter

ScaI ANP genotype

P-value

A1A2

A2A2

A1A1

121

72

10

62 ±9

64 ±8.9

63 ±7.19

0.7

BMI

27.9 ±4.1

25.7 ±3.9

28 ±2.9

0.5

EuroSCORE

3 (0; 9)*

3 (0; 10)*

4 (0; 6)*

0.6

Duration of angina [years]

8 ±7.5**

8.8 ±7.4

10.9 ±9.7**

0.004 (0.4)

NYHA

1 ±0.73

1 ±0.76

1 ±0.69

0.8

Total cholesterol [mg%]

225.9 ±51.2

214 ±48

216 ±51

0.9

LDL cholesterol [mg%]

140.9 ±43.3

132 ±41

144 ±57.8

0.5

HDL cholesterol [mg%]

43.2 ±12.5

42 ±12

45 ±13

0.9

185.7 ±138.4**

150.7 ±66.4**

136 ±56

0.04 (0.1)

Creatinine [mg%]

1.14 ±0.2

1.1 ±0.2

1.19 ±0.2

0.7

EF

53.6 ±10.2

52.8 ±11.3

47.5 ±9.5

0.9

LA

4 ±0.5

4 ±0.5

4.15 ±0.4

0.6

LVESd

3.5 ±0.8

3.6 ±0.7

4.1 ±1.2

0.3

LVEDd

5.2 ±0.8

5.2 ±0.6

5.6 ±0.8

0.9

87/34

55/17

10/0

0.49

Myocardial infarction history

81

47

8

0.81

Diabetes

32

16

1

0.49

Hypertension

82

48

4

0.9

Paroxysmal atrial fibrillation

8

3

0

0.7

Number of patients
Age [years]

Triglycerides [mg%]

Male/female

*Values are expressed as median and range and were compared using the Kruskal-Wallis test, **p < 0.05. CABG – coronary artery bypass
grafting, OPCABG – off-pump coronary artery bypass grafting, LA – left atrial diameter, LVESd – left ventricle systolic diameter, LVEDd – left
ventricle end-diastolic diameter, ANP – atrial natriuretic peptide, BMI – body mass index, EF – ejection fraction.

associated with a higher incidence of histories of
non-fatal myocardial infarction and more extensive CAD [20]. More recently Rubattu et al. demon90
80
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these were contrasted with the A2A2 genotype patients.
From the 3rd to the 6th day after surgery the
frequency of the AF episodes decreased and the
frequency of AF was not noticeably higher among
the A2A2 patients (χ2; p = 0.1).
A comparison of the distribution of patients according to NYHA grade revealed that the patients
with the A2A2 genotype were not significantly
shifted towards the higher NYHA values in relation to those with A1A2 and A1A1.
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Discussion
According to our knowledge, this study is the
first to test an association between ScaI ANP
gene polymorphism with the clinical peri-operative state in patients undergoing cardiac surgery.
A previous study performed by a research group
from our university showed that the A2A2 allele is
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Figure 2. Incidence of atrial fibrillation after 203
CABG procedures
AF – atrial fibrillation, SR – sinus rhythm, CABG – coronary
artery bypass grafting.
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Table III. Relationship between ScaI ANP gene variants and the incidence of “new-onset” AF in 192 patients (after
excluding patients with a history of paroxysmal AF before the operation). The analysis was made using a logistic
regression model
OR for “new-onset” atrial fibrillation A1A2 vs. A2A2 and A1A1

OR = 0.65 (0.12–3.34)

p = 0.6

OR for “new-onset” atrial fibrillation A2A2 vs. non A2A2

OR = 1.35 (0.59–3.07)

p = 0.46

OR for “new-onset” atrial fibrillation A1A1 vs. non A1A1

OR = 1.8 (0.34–9.5)

p = 0.48

AF – atrial fibrillation, ANP – atrial natriuretic peptide.

Table IV. Intra- and postoperative data in 203 CABG patients according the ScaI ANP genotype. The analysis was
made using the ANOVA test for continuous variables and χ2 test for categorical data
Parameter

ScaI ANP genotype

P-value

A1A2

A2A2

A1A1

121

72

10

Neuro-mental complications

5 (4.1%)

3 (4.1%)

0

0.7

Excessive bleeding

7 (5.8%)

2 (2.7%)

0

0.4

Peri-operative death

2 (1.6%)

2 (2.7%)

0

0.9

59/62

29/43

7/3

0.2

1st day drainage [ml]

562 ±300.5

554 ±258

586.25 ±269.2

0.8

CPK-MB

33.2 ±86.7

21 ±35.3

15.6 ±16.9

0.7

CPB time [min]

90.47 ±31.5

92.11 ±35.4

71.5 ±17.7

0.4

Duration of aortic cross clamp [min]

47.5 ±18.6

50 ±24

39.8 ±11.3

0.9

Number of distal anastomoses

2.63 ±0.9

2.69 ±0.9

3.1 ±0.9

0.2

Number of patients

CABG/OPCABG

CABG – coronary artery bypass grafting, OPCABG – off-pump coronary artery bypass grafting, ANP – atrial natriuretic peptide, CPB –
cardiopulmonary bypass.

strated that ANP polymorphism is associated with
higher risk for an acute coronary syndrome recurrence in patients with CAD [21]. Moreover, a recently published meta-analysis indicated that ANP
2238 T/C polymorphism is related to increased
risk of ischaemic stroke [22].
The interesting observation from our study is
the distribution of the ScaI ANP genotype and
allele frequency in the study group. We observed
a relatively large group of the A2A2 genotype
(35.5% and 27.5% respectively) in comparison
with a previous study [20]. This may be a reflection of a selection bias in the population that included only patients undergoing CABG.
An elevated level of ANP was tested with respect to AF prediction after CABG in two other
studies, which, however, did not show a significant
correlation with postoperative arrhythmia [23, 24].
Loke et al. pointed out that in the healthy population, plasma levels of N-ANP, brain natriuretic
peptide (BNP) and N-BNP were variably influenced
by clinical covariates [25].
While all 3 peptides were higher in women, only
N-ANP and N-BNP were influenced by age. Levels of all peptides were inversely correlated with
heart rate. When an immunoluminometric assay
is used, plasma BNP is not influenced by age, in
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contrast to N-ANP and N-BNP. In constructing normal ranges for diagnostic use, covariates such as
age and gender must be considered, in addition to
the format of the assay being used [25]. Histological examination revealed that the collagen volume
in the left atrial tissue was higher in AF than it was
in SR and inversely correlated with plasma ANP. In
addition, the messenger RNA expression of ANP
and collagen types I and III was lower in AF than
in sinus rhythm [26]. The spectrum of histological
alterations is not completely known. Patients with
long-standing AF and rheumatic heart disease
had a very high prevalence of atrial amyloidosis.
Amyloid deposition was more frequent in the left
atrial appendage than in the right and correlates
with AF duration and female gender. Amyloid
deposition could constitute an additional histological feature in the structural remodelling of the
atria during long-standing AF [27].
Atrial fibrillation was described as an independent determinant of higher N-ANP levels, and its
association with LV dysfunction is blurred. Conversely, BNP was not independently associated
with AF and was strongly determined by LV dysfunction, for which it was an independent marker [28]. Chello et al. suggested that plasma levels
of ANP and BNP might be used in routine clinical
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practice to support echocardiography in detecting
recovery of LV function after coronary surgery [29].
As the hormonal environment is known to be
very unstable during the early postoperative period, we hypothesised that analysis of the pre-operative ANP genotype, which is constant, may
support a new predictor of postoperative AF. In
our study the overall incidence of AF after cardiac surgery was comparable in the A2A2 and A1A2
groups. On the other hand, the B-type natriuretic
peptide has been reported as predicting the occurrence of postoperative AF. A pre-operatively
elevated plasma BNP level was a strong and independent predictor of postoperative AF. This finding has important implications for identifying patients at higher risk of postoperative AF who could
be considered for prophylactic anti-arrhythmic or
β-blocker therapy [30]. On the other hand, Masson
et al., in their more recently published study, found
that both pre- and postoperative plasma levels of
NT-proBNP were not independently associated
with postoperative AF [31].
In conclusion, the obvious limitation of our study
is the lack of statistical significance, which may be
due to the relatively small population. Further analysis is required, especially in order to assess the incidence of postoperative AF in patients with the A1A1
genotype. The small number of patients with that
genotype in our study group suggests that the A2
allele is particularly expressed in patients with coronary artery disease. There is no evidence of an association between the genotype and new onset AF.
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