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Preoperative plasma brain natriuretic peptide level is an independent 
predictor of postoperative atrial fi brillation following off-pump 
coronary artery bypass surgery
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Introduction

Atrial fi brillation (AF) is a common complication after 
coronary artery bypass graft (CABG) surgery, with a 
reported incidence of 20% to 40% [1]. Postoperative 
AF can lead to thromboembolic events, hemodynamic 
deterioration, and increased hospital costs [1]. Off-
pump coronary artery bypass (OPCAB) surgery has 
been widely used over the past decade. However, con-
troversy still remains as to whether OPCAB can reduce 
the incidence of postoperative AF [2–5]. Although a 
recent metaanalysis showed OPCAB signifi cantly 
reduced the incidence of postoperative AF compared 
with conventional CABG [6], the incidence of post-
operative AF following OPCAB has been reported to 
remain high, at 21%–32% [2,3,7–9]. Several factors, 
including low ejection fraction, and cardiac arrest have 
been reported as predictors of postoperative AF follow-
ing conventional CABG [5,10–12]. On the other hand, 
some perioperative factors have also been reported to 
be predictors of postoperative AF following OPCAB 
[7,8,13]. Biomarkers indicating the infl ammatory status 
of the patient, such as baseline C-reactive protein level, 
postoperative interleukin-6 level, and white blood cell 
count have been reported as independent predictors 
following conventional CABG and OPCAB [14,15]. 
However, only advancing age has consistently been 
shown to be associated with the development of post-
operative AF following both conventional CABG and 
OPCAB [3,5,8,9]. Recent reports have shown that left 
ventricular (LV) diastolic dysfunction is a predictor of 
the development of AF [16,17]. The mechanism is spec-
ulated to be that LV relaxation abnormalities lead to 
high left atrial pressure and distension, causing vulner-
ability to AF [18,19].

The causes of diastolic dysfunction include myocyte 
hypertrophy, aging, post-infarct scarring, and epicardial 
ischemia [20]. Patients undergoing OPCAB frequently 
exhibit some of these factors and have impaired LV 
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diastolic function, because most of such patients have 
severe triple-vessel disease, with hypertension, advanced 
age, and previous myocardial infarction (MI).

LV fi lling pressure is known to be elevated in patients 
with LV diastolic dysfunction. It is also known that 
elevated LV fi lling pressure leads to increased plasma 
brain natriuretic peptide (BNP) levels [21]. BNP has 
been established as a valuable biomarker to diagnose 
heart failure caused by both systolic and diastolic dys-
function [22,23]. BNP has also been shown to be useful 
for the guiding of therapy and monitoring of heart 
failure during treatment [24].

As a consequence, in the present study, we hypothe-
sized that elevated preoperative plasma BNP level 
would be a predictor of postoperative AF following 
OPCAB.

Methods

Our study involved 150 consecutive patients without 
preoperative AF undergoing elective OPCAB at our 
institution between June 1, 2005, and August 31, 2006. 
Our study met with Institutional Review Board (IRB) 
approval and informed consent was obtained from all 
patients. Patients with signifi cant valvular heart disease, 
acute myocardial infarction less than 1 week old, or 
chronic renal failure on hemodialysis were excluded 
from our study. Patients undergoing minimally invasive 
direct coronary artery bypass (MIDCAB) through left 
anterior thoracotomy during the period were also 
excluded.

Preoperatively, plasma BNP levels were measured 
using an immunoezymometric assay kit (E-test 
TOSOH II; Tosoh, Tokyo, Japan). According to the 
manufacturer’s instructions, normal values were less 
than 18.4 pg·ml−1. The sensitivity of the assay (minimal 
detectable quantity) is 4 pg·ml−1. Correlation with a 
conventional radioimmunoassay was close (r = 0.995) 
[25,26]. Both the measurement of BNP level and 12-
lead ECG recordings were performed 2 days before the 
surgery. Preoperative left ventricular ejection fraction 
(LVEF) was measured by transthoracic echocardiogra-
phy 2 to 4 weeks before surgery.

All patients received 20 mEq magnesium supple-
mentation, given intravenously the day before surgery 
for prophylaxis against perioperative arrhythmia. 
Cardiac medications, including beta-blockers, ang-
iotensin converting-enzyme inhibitors, diuretics, and 
nitrates were continued until the morning of surgery. 
Angiotensin-receptor blockers were omitted on the 
day of surgery to prevent persistent perioperative 
hypotension.

Anesthesia was induced by the administration of 
midazolam 0.1 mg·kg−1 and fentanyl 5–8 μg·kg−1, and 

intubation was facilitated by the administration of 
vecuronium 0.15 mg·kg−1. Anesthesia was maintained 
with sevofl urane, oxygen, and air. Fentanyl was added 
as required to a total dose of about 15 μg·kg−1.

Median sternotomy was performed in all patients, 
and the bilateral internal thoracic arteries were har-
vested. The right gastroepiploic artery, radial arteries, 
or saphenous veins were harvested if necessary. After 
heparinization to achieve an activated clotting time 
greater than 300 s, three pericardial stitches were placed 
to facilitate exposure of the posterior or lateral site of 
the anastomoses. In all patients, surgery was performed 
using either the Acrobat stabilizer system (Guidant, 
Santa Clara, CA, USA) or the Octopus 2 myocardial 
stabilization device (Medtronic, Minneapolis, MN, 
USA). The anastomoses were performed in sequence, 
starting with the left circumfl ex artery (LCX) territory 
(obtuse marginal [OM] branches and posterolateral 
[PL] branches of the LCX), then the left anterior 
descending artery (LAD) territory (LAD and diagonal 
[DG] branches), and lastly the right coronary artery 
(RCA) territory (posterior descending artery [PDA] 
and atrioventricular (AV)-node branches [AV]). During 
the anastomosis, an intraluminal shunt was inserted. In 
all patients, the LAD was bypassed with the left internal 
thoracic artery. A cell-saving device was used for all of 
the patients.

All patients were transferred to the intensive care 
unit (ICU) intubated and ventilated. The patients were 
extubated as soon as they met the standard criteria. All 
of our patients received intravenous nitroglycerin (0.1 
to 8 μg·kg−1·min−1) infusions for the fi rst 24 h unless they 
were hypotensive (systolic pressure <90 mmHg). Potas-
sium defi ciency was promptly treated as necessary to 
maintain electrolyte balance within the normal range.

Heart rate and rhythm were continuously monitored 
during the fi rst 72 h after surgery, using a bedside 
monitor in the ICU and telemetry in the hospital unit. 
Twelve-lead ECG recordings were performed before 
surgery, 1 h after surgery, daily for fi rst 3 days after 
surgery, and whenever AF was suspected by continuous 
monitoring.

Values for normally distributed continuous variables 
are expressed as means ± SD and were compared 
between groups with the unpaired t-test; non-normally 
distributed continuous variables are expressed as 
medians (interquartile ranges) and were compared with 
the Mann-Whitney U-test. Dichotomous variables are 
presented as numbers and percentages and were ana-
lyzed with the χ2 test. Multiple logistic regression 
analysis was used to identify variables that were inde-
pendently correlated with postoperative AF, among 
those signifi cantly associated on univariate analysis, 
with backward stepwise selection. Variables with a 
probability value of less than 0.05 were entered in the 
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analysis and variables with a probability value of more 
than 0.10 were removed.

Receiver operating characteristic (ROC) curves were 
generated to determine the accuracy and optimal 
threshold of BNP for predicting postoperative AF. The 
optimal cutoff value for each index was defi ned by the 
highest sum of sensitivity and specifi city. The area under 
the ROC curve (AUC) was used as an index of global 
performance, with an AUC of 0.5 indicating no dis-
crimination ability.

As the distribution of BNP levels was positively 
skewed, a natural log transformation was used. We con-
fi rmed that both the results obtained by the raw data 
and the natural log-transformed data to compare BNP 
levels in both groups by the Mann-Whitney U-test were 
identical. Therefore, the result was expressed by the raw 
data for the Mann-Whitney U-test. Statistical signifi -
cance was defi ned as a P value of less than 0.05. Statisti-
cal analysis was performed using SPSS for Windows 
version 14 (SPSS, Chicago, IL, USA).

Results

Table 1 shows the baseline characteristics of our 
patients. Twenty-six patients (17.3%) exhibited post-
operative AF. The patients belonging to the AF group 
were signifi cantly older (P = 0.011). A signifi cantly 
greater number of patients from the AF group had suf-
fered previous MI (P = 0.038). There were also signifi -
cant differences in LVEF (P = 0.043) and preoperative 
BNP level (P < 0.001) between the two groups. No 
signifi cant difference was detected in the use of drugs 
between the two groups. No association was noted 
between postoperative AF and the site of revasculariza-
tion. Univariate analysis showed that age (P = 0.023), 
previous MI (P = 0.043), and BNP level (P < 0.001) were 
accurate predictors of postoperative AF (Table 2). 
However, stepwise multivariate regression analysis 
indicated that age and BNP level were the only inde-
pendent predictors of postoperative AF (Table 2). To 
determine the accuracy of plasma BNP level for predict-
ing the postoperative AF, an ROC curve was generated. 
The AOC was 0.74 (P < 0.001). A cutoff plasma BNP 
level of 78.9 pg·ml−1 was found to be the optimal thresh-
old. The sensitivity and specifi city of this value were 
0.77 and 0.72, respectively. Table 3 shows the postop-
erative data. AF occurred 24 to 72 h following surgery 
in all patients in the AF group, who were housed in a 
general-care ward, and pharmacological cardioversion, 
performed in general-care wards, successfully converted 
AF to a sinus rhythm. None of the patients exhibiting 
postoperative AF required intensive care to treat severe 
hemodynamic deterioration. No signifi cant difference 
was detected in the length of hospital stay or in the 

Table 1. Baseline characteristics

Variable
AF (n = 26 

patients)

Non-AF 
(n = 124 
patients) P

Preoperative
 Age (years)   71 ± 8   66 ± 10 0.011
 Female   3 (12%) 26 (21%) 0.237
 Hypertension  20 (77%) 96 (77%) 0.956
 Diabetes  11 (42%) 68 (55%) 0.245
 Previous MI  19 (73%) 63 (51%) 0.038
 No. of diseased 
  vessels

  2.9 ± 0.3   2.7 ± 0.6 0.11

 Ca antagonist  11 (42%) 53 (43%) 0.968
 Beta antagonist   9 (35%) 41 (33%) 0.879
 ACEI   4 (15%) 15 (12%) 0.647
 Diuretics   6 (23%) 22 (18%) 0.526
 Nitrates  19 (73%) 84 (68%) 0.594
 LVEF  0.49 ± 0.14  0.57 ± 0.12 0.043
 Plasma BNP 
  level (pg·ml−1)

106 (73–191) 46 (20–91) <0.001

Perioperative
 Duration of 
  surgery (min)

 326 ± 81  304 ± 70 0.284

 Fluid balance in 
  operating 
  room (ml)

3011 ± 1480 3490 ± 1114 0.657

 RBC transfusion 
  in operating 
  room (units)

1.1 0.9 0.385

 Number of distal 
  anastomoses

  3.8 ± 1.3   3.8 ± 1.3 0.898

 Revascularization 
  of PDA

 19 (73%) 76 (61%) 0.257

 Revascularization 
  of OM

 10 (38%) 47 (38%) 0.957

Normally distributed continuous variables are expressed as means ± 
SD and were compared between groups with the unpaired t-test; non-
normally distributed continuous variables are expressed as medians 
(interquartile ranges) and were compared with the Mann-Whitney 
U-test. Dichotomous variables are presented as numbers and percent-
ages and were analyzed with the χ2 test
AF, atrial fi brillation; MI, myocardial infarction; ACEI, angiotensin-
converting enzyme inhibitor; LVEF, left ventricular ejection fraction; 
BNP, brain natriuretic peptide; RBC, red blood cell; PDA, posterior 
descending branch; OM, obtuse marginal branch

length of ICU stay when these factors compared 
between the two groups.

Discussion

In the present study the incidence of postoperative AF 
was 17.3%. This is compatible with results described in 
previous reports [8,9,13]. The preoperative BNP level 
was found to be the strongest predictor of AF following 
OPCAB.

In all of the patients with postoperative AF, pharma-
cological cardioversion, performed in general-care 
wards, successfully converted the AF to a sinus rhythm. 
Consequently, the time required by patients with post-
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of AF following OPCAB [7–9]. Biomarkers indicating 
infl ammatory status, such as baseline C-reactive protein 
level, postoperative elevation of interleukin-6, and 
white blood cell count have been reported as indepen-
dent predictors of AF following both conventional 
CABG and OPCAB [13–15]. However, only advancing 
age has consistently been shown to be associated with 
the development of postoperative AF following both 
conventional CABG and OPCAB [3,5,8,9]. Conse-
quently, we examined independent predictors of post-
operative AF following OPCAB from the viewpoint of 
left ventricular (LV) function.

Our results show that preoperative plasma BNP level 
is an independent predictor of postoperative AF follow-
ing OPCAB. Wazni et al. [27] reported that preopera-
tive BNP levels predicted postoperative AF following 
cardiac surgery. As they suggested, an elevated BNP 
level has been shown to be associated with AF in some 
reports [28,29]. BNP is secreted in response to the 
mechanical stretch of LV myocytes. Some clinical inves-
tigations have shown that BNP is a valuable biomarker 
to diagnose heart failure. In patients with both LV sys-
tolic and diastolic dysfunction, plasma BNP level was 
shown to be elevated by the elevation of LV fi lling pres-
sure [21]. The usefulness of BNP for monitoring heart 
failure has also been shown by several studies demon-
strating changes in BNP levels during recompensation 
therapy in heart failure, related to hemodynamic param-

Table 2. Logistic analysis to assess predictors of postoperative atrial fi brillation

Variable

Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P

Preoperative
 Age (years) 1.060 (1.008–1.114) 0.023 1.059 (1.002–1.120) 0.043
 Female 0.492 (0.137–1.766) 0.276
 Hypertension 0.956 (0.356–2.655) 0.972
 Diabetes 0.604 (0.257–1.420) 0.247
 Previous MI 2.628 (1.031–6.697) 0.043 2.082 (0.756–5.739) 0.156
 No. diseased vessels 2.971 (0.719–12.273) 0.132
 Ca antagonist 0.982 (0.418–2.311) 0.982
 Beta antagonist 1.072 (0.440–2.611) 0.879
 ACEI 1.321 (0.400–4.362) 0.648
 Diuretics 1.293 (0.502–3.325) 0.527
 Nitrates 1.006 (0.723–1.398) 0.595
 LVEF 0.016 (0.000–1.262) 0.064
 Plasma BNP level 7.336 (2.401–22.409) / 

 log BNP level
<0.001 6.272 (1.980–19.861) / 

 log BNP level
0.002

Perioperative
 Duration of surgery (min) 0.996 (0.990–1.002) 0.199
 Fluid balance in operating room (ml) 1.000 (0.999–1.001) 0.586
 RBC transfusion in operating room (units) 1.053 (0.845–1.313) 0.645
 Number of distal anastomoses 1.006 (0.723–1.398) 0.973
 Revascularization of PDA 1.714 (0.670–4.384) 0.261
 Revascularization of OM 1.024 (0.429–2.443) 0.957

OR, odds ratio; CI, confi dence interval; MI, myocardial infarction; ACEI, angiotensin-converting enzyme inhibitor; LVEF, left ventricular ejec-
tion fraction; BNP, brain natriuretic peptide; RBC, red blood cell; PDA, posterior descending branch; OM, obtuse marginal branch

Table 3. Postoperative data

AF group Non-AF group

ICU length of stay 
 (days)

 1.2 ± 0.4  1.1 ± 0.3 NS

Hospital length of 
 stay (days)

14.6 ± 9.3 12.3 ± 6.9 NS

Number of patients 
 with neurological 
 complications

0 0

NS, not signifi cant

operative AF to stay in the ICU and in the hospital was 
not signifi cantly prolonged.

Various studies have been performed to examine 
independent predictors of the incidence of postopera-
tive AF following CABG surgery. In patients undergo-
ing conventional coronary artery bypass, several factors 
have been reported to be associated with the incidence 
of postoperative AF. These include low ejection frac-
tion and the infl uence of cardioplegic arrest [5,10–12]. 
On the other hand, not much information is available 
on the independent predictors of postoperative AF fol-
lowing OPCAB [7–9,13,14]. Anastomoses of the ramus 
medianus, and some other perioperative factors, includ-
ing BNP level in pericardial fl uid, intraoperative fl uid 
balance, intraoperative core temperature, and postop-
erative cardiac index have been reported as predictors 
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eters [24]. Consequently, the patients with elevated 
BNP level in our study were considered to have had 
preoperative heart failure caused by systolic or diastolic 
dysfunction, leading to increased left atrial pressure and 
subsequent vulnerability to AF.

Some studies have reported the association of dia-
stolic dysfunction and lone AF [16,17]. It is conceivable 
that the mechanism involved is that LV relaxation 
abnormalities cause elevation of LV end-diastolic 
pressure, leading to a high left atrial pressure. The left 
atrium and pulmonary vein are thus distended and 
stretched, and therefore potentiate electrical remodel-
ing, leading to a reduction in the atrial effective refrac-
tory period, resulting in vulnerability to AF [18,19]. Left 
atrial pressure can increase during bypass surgery and 
the distension and stretch of the left atrium and pulmo-
nary vein can be caused by the dislocation of the heart 
for anastomosis, which may play an inciting role. Causes 
of diastolic dysfunction include myocyte hypertrophy, 
aging, post-infarct scarring, and epicardial ischemia 
[20]. The frequent association of impaired LV diastolic 
function has been suggested in patients undergoing 
OPCAB, because, in most of these patients, there is 
signifi cant stenoses of multiple coronary arteries, hyper-
tension, and previous myocardial infarction (MI).

Some previous studies have shown that low LV ejec-
tion fraction (LVEF) is a predictor of postoperative 
AF following CABG [11,12]. Our results show that 
the LVEF in patients from the AF group was signifi -
cantly lower compared to that in the non-AF group. 
However, the LVEF was not shown to be an inde-
pendent predictor of postoperative AF following 
OPCAB. In patients with impaired LV function, the 
end-diastolic pressure is elevated, mainly due to dia-
stolic dysfunction [30]. Therefore, from the viewpoint 
of the association between elevated end-diastolic pres-
sure and atrial pressure, diastolic function is suggested 
to be more important in the prediction of postoperative 
AF following OPCAB. This leads us to the conclusion 
that the predictivity of BNP is better than that of LVEF, 
because both systolic and diastolic dysfunction can be 
detected by BNP. Further investigation is required to 
validate the association between diastolic function and 
the incidence of postoperative AF, by studies that eval-
uate LV function using Doppler echocardiographic 
measurement.

Our results showed that age was an independent 
predictor of postoperative AF following OPCAB, and 
we also found signifi cant differences between our two 
groups in the LVEF and in the proportion of patients 
with previous myocardial infarction (MI). Some reports 
have shown that elevation of BNP is caused by advanced 
age, infarction size, and LVEF [31–33]. Left atrial 
enlargement was also reported to be an independent 
predictor of postoperative AF [34]. An association 

between left atrial volume and BNP was reported in 
several studies [35]. Therefore, it appears that the strong 
predictability of BNP for postoperative AF is attribut-
able to the association between BNP and other predic-
tive factors.

Hakala et al. [36] and Nakamura et al. [7] reported 
that the preoperative BNP level was not an independent 
predictor of postoperative AF following CABG. This 
difference from our fi ndings may be partly explained by 
the fact that the preoperative BNP level in our patients 
was more elevated than the levels in their patients, indi-
cating that the LV function in their patients was not as 
impaired as that in our patients.

Zangrillo et al. [9] reported that grafting of the ramus 
medianus could be an independent predictor of postop-
erative AF following OPCAB. They suggested that the 
lifting of the heart to access the lateral side may stretch 
the left atrium and increase the risk of AF. We did not 
specify the use of the ramus medianus in our patients; 
consequently, the association of anastomoses of the 
ramus medianus and the incidence of AF was not evalu-
ated by our study. In our patients, the heart was dislo-
cated most prominently during the anastomoses of the 
obtuse marginal branches. Our data showed no signifi -
cant association between the incidence of AF and the 
anastomoses of the obtuse marginal branches. This 
result was compatible with that of Zangrillo et al. [9].

Our data revealed no signifi cant differences between 
the pharmacological agents given to the patients in 
the AF and non-AF groups. This can be accounted for 
by the study design. The prophylaxis of postoperative 
AF by the pharmacological improvement of diastolic 
function prior to surgery is speculated to be effective, 
including the use of beta-blockers, angiotensin-
converting-enzyme inhibitors, and angiotensin-receptor 
blockers.

Study limitations

First, this study was conducted at a single institute, with 
a relatively small sample size. Multicenter studies with 
larger populations are warranted. Second, short-
duration self-limiting AF could have been missed, and 
ECG was not monitored after the fi rst 72 h until dis-
charge from the hospital. Therefore, the incidence of 
AF in our study could have been underestimated. Third, 
LVEF was measured 2 to 4 weeks before surgery, and 
the BNP level was measured 2 days before surgery. The 
LV function could have improved or deteriorated during 
this period. These differences in measurement times 
could have contributed to the better predictivity of post-
operative AF shown by BNP compared with LVEF.

In conclusion, the preoperative plasma BNP level was 
shown to be an independent predictor of postoperative 
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AF following OPCAB. Our fi ndings permit us to strat-
ify the risk of AF and to plan prophylactic strategies in 
high-risk patients.
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