
ORIGINAL ARTICLE

Elevated B-type natriuretic peptide level as a marker
of subsequent thromboembolic events in patients
with atrial fibrillation

Tsuneaki Sadanaga • Shun Kohsaka •

Hideo Mitamura • Satoshi Ogawa

Received: 10 June 2010 / Accepted: 23 August 2010 / Published online: 25 December 2010

� Springer 2010

Abstract The aim of the present study was to assess

whether elevated B-type natriuretic peptide (BNP) levels, as

an objective marker of heart failure, is a predictor of sub-

sequent thromboembolic events in patients with atrial

fibrillation (AF) during oral anticoagulant therapy. This was

a post hoc analysis of a single-center, prospective, obser-

vational study. Consecutive patients with AF (261 patients,

74 ± 9 years old, 153 paroxysmal AF) treated with war-

farin were included for the analysis. BNP level at baseline

examination was measured to assess the relationship of this

parameter with subsequent thromboembolic events. BNP

levels at the time of entry were 161 ± 188 (5–1,500,

median 105) pg/ml. During an average follow-up time of

762 ± 220 (median 742) days, nine (1.8%/year) thrombo-

embolic events occurred. Receiver operating characteristic

curve showed that an optimal cut-off value for BNP to

predict thromboembolic events was 218 pg/ml. There were

six thromboembolic events observed among patients with a

baseline BNP levels C200 pg/ml (n = 73) as compared

to three such events in those with baseline BNP

levels \200 pg/ml (n = 188). Kaplan–Meier curves for

BNP level showed that elevated BNP level (C200 pg/ml)

was significantly associated with thromboembolic events

(p \ 0.01). Cox-proportional hazard analysis also revealed

that a high BNP level (C200 pg/ml) was a significant pre-

dictor of subsequent thromboembolic events (hazard ratio

5.32, p = 0.018). Elevated BNP levels (C200 pg/ml) could

be a useful marker of subsequent thromboembolic events in

patients with AF during oral anticoagulant therapy. How-

ever, the number of patients and events in this study was

small and drawing a definite conclusion was not possible

with this small sample size. Therefore, further larger-scale,

multicenter studies are needed to confirm these findings.

Keywords B-type natriuretic peptide � Atrial fibrillation �
Thromboembolic events � Congestive heart failure

Introduction

Atrial fibrillation (AF) is associated with hemostatic

abnormality and increased risk of thromboembolic events

[1, 2]. Congestive heart failure (CHF) is also recognized as

an established risk factor for stroke [3, 4]. For the evalu-

ation of the severity of CHF, NYHA functional classifi-

cation is an established criterion and is widely used in daily

practice. However, there are certain challenges in AF

patients, since symptoms of heart failure, such as dyspnea

and palpitation, may be similar to those of AF.

On the other hand, B-type natriuretic peptide (BNP),

which derives from both atrial and ventricular cardiomyo-

cytes, was recognized as the single most accurate predictor of

the presence and absence of heart failure [5]. A conventional

BNP cut-off value of 100 pg/ml is often used for the
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diagnosis of heart failure in patients who visit the emergency

department with acute dyspnea [5]. However, BNP levels are

reported to be increased in AF patients [6–8], and thus a

higher cut-off value may be appropriate. Knudsen et al. [8],

using the database from the Breathing Not Properly Multi-

national study, reported that the optimal BNP cut-off value to

detect CHF in patients with AF was 262 pg/ml with receiver

operating characteristic (ROC) curve analysis and recom-

mended that a cut-off value of 200 pg/ml was appropriate in

daily practice in an urgent situation.

Shimizu et al. [9] reported that plasma BNP was high in

patients with episodes of thromboembolisms in nonvalvu-

lar AF. Shibazaki et al. [10] reported that plasma BNP was

elevated in the acute phase of stroke and declined in a

month in patients with AF. Therefore, BNP may be a

promising potent biomarker for differentiating high-risk

AF from low-risk AF. However, there have been no reports

on whether BNP could be used for prediction of throm-

boembolic complications before the onset of such events in

patients with AF. The aim of the present study was to

elucidate (1) whether BNP could be a predictor of sub-

sequent thromboembolic events in AF patients and, if so,

(2) to decide the proper BNP cut-off value.

Methods

The study design and main results have recently been

published [11]. Briefly, this was a post hoc analysis of a

single-center, prospective, observational study. Patients

eligible for our study were those with AF treated with

warfarin for at least 4 weeks in Yatsushiro General Hospital

from January 2006 to April 2007. Initially, 301 patients with

AF were screened and 269 patients were included. In the

present analysis, six patients with hemodialysis and two

patients in whom BNP levels were not measured at the time

of entry were excluded. Finally, 261 patients (74 ± 9 years

old, 114 female, 153 paroxysmal AF) were analyzed. BNP

levels were measured at the time of enrollment with opti-

mized medical treatments (Table 2). Target prothrombin

time-international normalized ratio (PT-INR) was set at

1.5–3.0 according to the Japanese Circulation Society

Guideline [12] and it was measured every 1–2 months

throughout the follow-up periods. Optimal PT-INR control

was achieved in 86% of the patients at the time of entry and

82% at the end of the study. They were followed prospec-

tively with an average follow-up time of 762 ± 220

(median 742) days. The end points were thromboembolic

events including ischemic strokes, transient ischemic

attacks, and peripheral embolisms. CHF was defined as

having NYHA class CII symptoms and/or congestive signs

requiring loop diuretics at the time of entry. Hypertension

was defined as either systolic blood pressure exceeding

140 mmHg or diastolic blood pressure exceeding

90 mmHg, or taking antihypertensive medications. Diabe-

tes mellitus was defined as either fasting plasma glucose

C126 mg/dl, casual glucose level C200 mg/dl, HbA1c C

6.1%, receiving oral hypoglycemic medications, or using

insulin. Ischemic stroke was defined as sudden onset of

neurological symptoms lasting more than 24 h and subse-

quently confirmed by computed tomography (CT). Tran-

sient ischemic attack was defined as complete recovery of

ischemic neurological symptoms within 24 h without

apparent CT findings. Left ventricular ejection fraction was

calculated using M mode echocardiography if wall motion

was normal and Simpson’s method was applied if local wall

motion abnormalities were found. eGFR was calculated

according to the Japanese modified version [13] of Modi-

fication of Diet in Renal Disease Study equation [14]. All

assays were performed in the laboratory of our institution.

BNP was measured by automated enzyme immunoassay

analyzer, AIA-360 (TOSOH, Tokyo, Japan, detection

limits, 5 pg/ml).

Statistical analysis

Data are presented as the mean ± SD or percentages, as

appropriate. Event frequencies were compared using the

Chi-square test. Other comparisons between two groups of

data were made with unpaired Student’s t test or Mann–

Whitney test, as appropriate. The optimal BNP cut-off

level for the detection of thromboembolic events was

evaluated by ROC curve. Logistic regression models were

applied to assess the determinants of high BNP levels. The

outcomes were displayed with a Kaplan–Meier event-free

curve and compared with the use of log-rank tests. The

prognostic values of BNP and other clinical variables were

analyzed using Cox proportional hazard models. A p level

of \0.05 was accepted as statistically significant. The sta-

tistical software package SPSS (version 14.0, SPSS Inc.,

Chicago, IL, USA) and StatView (StatView Version 5.0,

Berkeley, USA) were used for analyses.

The study protocol was approved by the institutional

ethics committee and informed written consent was

obtained from all the patients included in this study.

Results

There were nine thromboembolic events (1.8%/year):

seven ischemic strokes, one transient ischemic attack, and

one peripheral embolism. ROC curve analysis (Fig. 1)

revealed that the optimum cut-off point, identified as the

point closest to the upper left corner, yielded BNP level of

218 pg/ml to detect subsequent thromboembolic events.
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Based on this finding, we defined the cut-off value of BNP

as 200 pg/ml.

Table 1 shows baseline characteristics of the patients

with high (C200 pg/ml) BNP levels. Patients with high

(C200 pg/ml) BNP levels were older than those with low

(\200 pg/ml) BNP levels. Ejection fraction was smaller in

patients with high BNP levels. The presence of CHF,

chronic AF, and structural heart disease were more

common in patients with high BNP levels. Cardiac medi-

cations, including angiotensin converting enzyme inhibi-

tors (ACEI) or angiotensin receptor antagonists (ARB),

b blockers, and diuretics were more frequently used in

patients with high BNP levels. PT-INR was not different

between these groups.

Table 2 shows determinants of high (C200 pg/ml)

D-dimer levels by logistic regression analysis. Univariate

analysis showed that age, ejection fraction, eGFR, presence

of chronic AF, CHF, and structural heart disease were the

significant determinants of high BNP levels. Multivariate

analysis including these six parameters and gender

revealed that age, presence of chronic AF, and CHF were

independent determinants of high BNP levels.

There were six thromboembolic events observed among

patients with high (C200 pg/ml) BNP levels as compared

to three such events in those with low (\200 pg/ml) BNP

levels. Kaplan–Meier curves for BNP showed that high

BNP levels were associated with thromboembolic events

(p \ 0.01, Fig. 2). Univariate Cox proportional hazard

analysis showed that high BNP levels (C200 pg/ml), nat-

ural log transformation of BNP (continuous variable),

chronic AF, CHF, and history of stroke were the significant

predictors of thromboembolic events (Table 3). Since there

were only nine thromboembolic events in this study,

multivariate analysis was difficult; however, when we

adjusted for age and gender, high BNP (C200 pg/ml) was

Fig. 1 Receiver operating characteristic curve for BNP levels to

predict thromboembolic events. Area under the curve was 0.709.

Arrow indicates optimal BNP cut-off value

Table 1 Baseline

characteristics of patients with

high BNP levels

*CHADS2 score: one point for

congestive heart failure,

hypertension, age C 75 years

old, diabetes mellitus, and two

points for history of stroke,

numbers in parenthesis were

those in patients with

nonvalvular atrial fibrillation

ACEI Angiotensin converting

enzyme inhibitor, ARB
angiotensin type II receptor

blocker, BNP B-type natriuretic

peptide, PT-INR prothrombin

time-international normalized

ratio

**p value, BNP C 200 pg/ml

vs. BNP \ 200 pg/ml

All patients

(n = 261)

BNP \ 200 pg/ml

(n = 188)

BNP C 200 pg/ml

(n = 73)

p value**

Age (years old) 74 ± 9 73 ± 9 77 ± 9 \0.01

Female (n) (%) 115 (44) 80 (43) 35 (48) 0.43

Chronic atrial fibrillation (n) (%) 108 (41) 66 (35) 42 (58) \0.01

Congestive heart failure (n) (%) 108 (41) 54 (29) 54 (74) \0.01

Hypertension (n) (%) 144 (55) 99 (53) 45 (62) 0.19

Diabetes mellitus (n) (%) 61 (23) 45 (24) 16 (22) 0.73

History of stroke (n) (%) 29 (11) 18 (9.6) 11 (15) 0.065

Ejection fraction (%) 63 ± 11 65 ± 10 59 ± 13 \0.01

PT-INR 1.9 ± 0.4 1.9 ± 0.5 2.0 ± 0.8 0.20

CHADS2 score* 1.9 ± 1.3 1.7 ± 1.2 2.5 ± 1.5 \0.01

(n = 229)* (n = 166)* (n = 63)*

Structural heart disease (n) (%) 132 (51) 85 (45) 47 (64) \0.01

Hypertensive heart disease (n) (%) 42 (16) 33 (18) 9 (12) 0.30

Coronary artery disease (n) (%) 34 (13) 19 (10) 15 (21) 0.025

Valvular heart disease (n) (%) 32 (12) 22 (12) 10 (14) 0.66

Medications

Antiarrhythmic drugs (n) (%) 67 (26) 52 (28) 15 (21) 0.24

ACEI/ARB (n) (%) 173 (66) 115 (61) 58 (80) \0.01

Beta blockers (n) (%) 110 (42) 72 (38) 38 (52) 0.043

Diuretics (n) (%) 101 (39) 58 (31) 43 (59) \0.01

Thromboembolic events (n) 9 3 6 \0.01
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also a significant predictor of subsequent thromboembolic

events (p = 0.032, hazard ratio 4.66, confidence interval

1.14–19.0).

Discussion

This post hoc analysis demonstrated that in patients with

AF during anticoagulant therapy, high BNP levels defined

as C200 pg/ml predicted subsequent thromboembolic

events.

A marked reduction in BNP levels after medications,

such as diuretics, ACEI/ARB were reported [15]. BNP

levels in our study population were lower than those of

Knudsen’s report (median BNP value: 202 vs. 421 pg/ml)

because it was measured in stable condition with optimal

medical treatments. ROC analysis (not shown) revealed

that the optimal BNP cut-off value to detect CHF

Table 2 Determinants of high

BNP levels (C200 pg/ml) by

logistic regression analysis

BNP B-type natriuretic peptide,

eGFR estimated glomerular

filtration rate

n BNP level

(median, pg/ml)

p value Odds ratio

(95% CI)

Risk (?) Risk (-)

Univariate analysis

Female 115 114 98 0.39

Chronic atrial fibrillation 108 173 62 \0.01 2.50 (1.44–4.35)

Congestive heart failure 108 201 70 \0.01 3.72 (2.05–6.76)

Structural heart disease 132 142 90 \0.01 2.19 (1.25–3.83)

Hypertension 144 111 98 0.19

Diabetes mellitus 61 89 112 0.73

History of stroke 30 162 103 0.26

Age (/10 years) Continuous variable \0.01 1.76 (1.26–2.47)

Ejection fraction (/10%) Continuous variable \0.01 0.66 (0.52–0.85)

eGFR (10 ml/min/1.73 m2) Continuous variable 0.042 1.13 (1.00–1.28)

Multivariate analysis

Female 115 0.79

Chronic atrial fibrillation 108 0.027 2.01 (1.08–3.73)

Congestive heart failure 108 \0.01 4.90 (2.40–10.0)

Structural heart disease 132 0.33

Age (/10 years) Continuous variable 0.041 1.47 (1.02–2.11)

Ejection fraction (/10%) Continuous variable 0.31

eGFR (10 ml/min/1.73 m2) Continuous variable 0.52

Fig. 2 Kaplan–Meier thromboembolic event-free curves for BNP

during oral anticoagulant therapy

Table 3 Risk factors for thromboembolic events by Cox proportional

hazard analysis

p value Hazard ratio (95% CI)

BNP (pg/ml) 0.14

ln (BNP) 0.048 1.98 (1.01–3.91)

BNP (C200 pg/ml) 0.018 5.32 (1.33–21.3)

Baseline PT-INR 0.12

Age (years) 0.15

Ejection fraction (%) 0.43

Female gender 0.47

Chronic atrial fibrillation 0.023 11.2 (1.40–89.2)

Congestive heart failure 0.016 13.0 (1.60–104)

Hypertension 0.48

Diabetes mellitus 0.47

History of stroke \0.01 13.2 (3.53–49.3)

eGFR (ml/min/1.73 m2) 0.06

BNP B-type natriuretic peptide, ln (BNP) natural log transformation

of BNP, eGFR estimated glomerular filtration rate
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symptoms in our study was 136 pg/ml, which was also

smaller than that of Knudsen’s [8] report (262 pg/ml).

Regardless of the BNP cut-off value to detect CHF, in other

words, whether patients had CHF symptoms, our study

provided some evidence that BNP levels C200 pg/ml

predicted subsequent thromboembolic events in patients

with AF when the patient received optimal medical ther-

apies, including anticoagulant therapy and heart failure

therapy. On the other hand, CHF was an established risk

factor for stroke in AF patients and was included as a risk

factor for stroke in several clinical trials and risk stratifi-

cation schemes [16–18]. Although multivariate analysis

could not be performed, the presence of CHF seemed to be

a stronger determinant than that of high (C200 pg/ml) BNP

in our study (Table 3). In fact, there were eight thrombo-

embolic events observed among patients with CHF as

compared to only one event in those without CHF. How-

ever, it is sometimes difficult to diagnose CHF symptoms

in patients with AF because exertional dyspnea or palpi-

tation due to heart failure and those due to AF may be in

some cases hard to discriminate. In addition, patients with

CHF, especially older patients, may occasionally not

complain of symptoms because they limit their daily

activities on purpose. Moreover, there may be some

asymptomatic CHF patients who can only be found by

measuring BNP levels. Therefore, both BNP measurements

and detecting CHF symptoms and signs are important and

should be used both for the risk stratification of stroke in

patients with AF. Whether thromboembolic events in

patients with AF can be prevented by treating CHF remains

to be elucidated.

Study limitations

This study had several limitations. First, target PT-INR

levels in this study were set slightly below the recom-

mended guideline of Western countries [1, 2, 16] because

of racial differences in the optimal anticoagulation inten-

sity [19]. Japanese Circulation Society Guidelines recom-

mended target PT-INR should be 1.6–2.6 when the patients

were older than 70 years old [12]. We have basically

titrated our anticoagulation regimen based on this guide-

line, but it may not be applicable to Western populations.

Second, it is speculated that BNP levels might increase at

the time of events [10], but it was measured only at the

entry periods. In addition, biological variations of BNP

levels in patients with CHF might affect the results [20].

Third, more than 90% of the study population received at

least one cardiac medication, which might affect the

results. However, BNP levels before medication were not

known and the treatment option was entirely dependent on

attending cardiologists who were not always blinded in

regards to BNP levels. Finally, and most importantly, the

number of patients and events in this study was small and

drawing definite conclusion was not possible with this

small sample size; therefore further larger-scale, multi-

center studies are needed to confirm these findings.

Conclusions

Elevated BNP levels (C200 pg/ml) could be a useful

marker of subsequent thromboembolic events in patients

with AF during oral anticoagulant therapy.
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