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A B S T R A C T

An increased B-type natriuretic peptide (BNP) level is associated with cardioembolic stroke because of atrial
fibrillation. However, data associating the measurement time of BNP and clinical influence of BNP are limited.
Herein, we examined the utility of BNP level for prediction of stroke severity when accounting for measurement
time. We retrospectively registered 327 patients admitted within 7 days from onset of ischemic stroke. We
collected information on patients' background, stroke risk factors, subtype and severity, and outcome at dis-
charge. Measurement of BNP was performed by chemiluminescent enzyme immunoassay. Patients were divided
into 3 groups according to the time of BNP measurement from disease onset. Multivariate analyses were per-
formed to evaluate the association of BNP value with outcome after patients were grouped according to BNP
measurement time. Of the 327 patients, the numbers of patients whose BNP was measured within 24 h of
symptom onset, between 24 and 48 h of symptom onset, and after 48 h of symptom onset were 102, 92, and 133,
respectively. Favourable outcome at discharge was negatively correlated with BNP value in patients with a BNP
level measured within 24 h of stroke onset. BNP value may be useful for prediction of stroke outcome if mea-
sured within 24 h after stroke onset.

1. Introduction

It is well known that B-type natriuretic peptide (BNP) is secreted
from the myocardium at increased intracardiac pressure, especially in
heart failure [1–3]. In addition, atrial fibrillation often causes an ele-
vation of BNP [4,5]. Although increased BNP is an independent pre-
dictor of short- and long-term mortality in ischemic stroke [6–8], it
remains controversial whether an increased BNP level is correlated with
poor functional outcome [9,10]. Interestingly, it was also reported that
BNP values were positively correlated with brain injury as well as the
presence of atrial fibrillation and heart failure [7,11]. Considering the
short half-life of BNP, a delay in measurement of BNP after the onset of
stroke may influence the precise prediction of stroke outcome. How-
ever, few reports have investigated the time of BNP measurement from
stroke onset and its relation to the predictive value of BNP level for
ischemic stroke outcome.

We hypothesized that earlier BNP measurement may be more pre-
cise for the prediction of stroke severity or mortality. Furthermore, we
examined the cut-off value of BNP and its reliability depending on
measurement time.

2. Materials and methods

We retrospectively registered the stroke patients admitted to our
neurological centre within 7 days following the occurrence of ischemic
stroke, between 2010 and 2016. Patients were excluded from this study
if their BNP value at admission was not examined or their outcome was
unknown (Fig. 1). Patients with recurrent stroke were also excluded.
We diagnosed patients with ischemic stroke when they had a rapid
onset of focal brain disturbance. We confirmed the findings with dif-
fusion weighted imaging or computed tomography after exclusion of
haemorrhagic stroke. This study was approved by the ethics committee
of Fukuoka University Hospital (IRB No.: 17-09-06).

We investigated medical records for stroke risk factors including
age, gender, stroke subtype, hypertension, diabetes mellitus, hyperli-
pidaemia, atrial fibrillation, and current smoking. We also assessed
their medical data for the National Institute of Health and Stroke Scale
(NIHSS) score, stroke subtype, and outcome at discharge. Stroke sub-
type was classified using TOAST (the Trial of Org 10172 in Acute Stroke
Treatment) criteria [12]. The outcome at discharge was evaluated by
the modified Rankin Scale (mRS); a value of 0–1 was considered fa-
vourable because the ischemic stroke in these patients was not very
severe. The mortality rate was also determined.
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2.1. BNP measurement

Whether or not BNP was measured in stroke patients was clinician-
dependent. However, BNP was measured when patients were hospita-
lized, and the measurement time was not clinician-dependent. After
whole blood was collected in a tube containing EDTA-2Na and cen-
trifuged, plasma was collected and quickly stored at −80 °C until use.
Measurement of BNP levels was promptly performed after blood sam-
pling using a chemiluminescent enzyme immunoassay based on the 2-
step sandwich method (Fujirebio Inc., Tokyo, Japan) [13,14]. The 2
monoclonal antibodies against human BNP used were alkaline phos-
phatase-labelled or particle-bound.

2.2. Statistics

Patients were divided into 3 groups according to the time of mea-
surement BNP: within 24 h of symptom onset (early group), 24–48 h of
symptom onset (intermediate group), or after 48 h of symptom onset
(late group). We utilized the 24-h and 48-h time points based on a
previous study showing that BNP levels at 24 h and 48 h after acute
heart failure were predictive of patients outcomes [15]. First, the dif-
ferences between patients' characteristics were statistically analysed
between the early, intermediate, and late groups. To assess the differ-
ences of BNP values with respect to patients' outcome and mortality at
each BNP measurement time, multivariate logistic regression analysis
was used. Independent variables were those that showed a trend toward
being significant in univariate analyses (p < .1). If the BNP value was
significantly correlated with outcome or mortality, an area under curve
analysis was conducted to determine the cut-off value of BNP to predict
the outcome of stroke at discharge. All data were analysed using sta-
tistical software (SPSS v22.0; IBM, NY, USA). A p-value < .05 was
considered to indicate statistical significance.

3. Results

3.1. Baseline characteristics and the time to BNP measurement

We retrospectively registered 327 patients (70.7 ± 12.6 years old;
222 men, 105 women) from a total of 452 patients admitted to our
neurological centre within 7 days following the occurrence of ischemic
stroke, between 2010 and 2016. There were no significant differences
in clinical background and neurological severity and outcome between
the 327 patients who were included in this study and the 125 patients
who were not (p > .05). Of the 327 patients divided according to the

time to measurement of BNP, the numbers of patients in the early, in-
termediate, and late groups were 102, 92, and 133, respectively.
Baseline characteristics of the patients are shown in Table 1. Other than
the frequency of hypertension (early group: 80%, intermediate group:
89%, late group: 70%; p= .002), there were no differences between the
groups. Furthermore, there was no disparity in stroke subtype or stroke
severity depending on the time to measurement.

The median BNP measurement times were 15 h (early group), 38 h
(intermediate group), and 90 h (late group). The BNP value was sig-
nificantly different depending on the measurement time (early group:
65 pg/mL, intermediate group: 91 pg/mL, late group: 52 pg/mL). BNP
was significantly elevated in patients with atrial fibrillation compared
with those without it in all groups (p < .001 for all). However, BNP
values did not differ depending on newly or already diagnosed atrial
fibrillation (170.0 pg/mL vs. 212 pg/mL, respectively; p = .33).

3.2. BNP level and clinical outcomes depending on BNP measurement time

Multivariate analysis indicated that the BNP value was not sig-
nificantly associated with the outcome at discharge (p = .28). When
patients were categorized into the 3 groups, BNP values of patients in
the late group were not associated with favourable outcomes at dis-
charge (odds ratio of one-tenth of BNP: 0.98 [0.94–1.01]; p = .12),
while univariate study suggested that those in the early (p < .001) and
the intermediate (p = .006) groups were inversely correlated with
outcome (Table 2). Other than BNP value, age, NIHSS score, and dys-
lipidaemia were associated with favourable outcome in the inter-
mediate group (p < .1), while age, NIHSS score at admission, atrial
fibrillation, main arterial disease, and TOAST classification were asso-
ciated with favourable outcome in the early group (p < .1). After
adjusting for these independent variables, BNP value in the

Fig. 1. Flow chart of patient selection criteria.

Table 1
Baseline characteristics, outcomes and BNP values according to the measure-
ment time of BNP.

Within 24 h
(n = 102)

24–48 h
(n = 92)

After 48 h
(n = 133)

P value

Age, years 74 (65–82) 74 (64–80) 71 (62–78) 0.136
Sex, male (%) 77 (75%) 61 (66%) 84 (63%) 0.118
Hypertension 82 (80%) 82 (89%) 93 (70%) 0.002
Diabetes mellitus 42 (41%) 29 (32%) 43 (32%) 0.274
Dyslipidemia 43 (42%) 41 (45%) 58 (44%) 0.943
Smoking 34 (33%) 28 (30%) 52 (39%) 0.383
Atrial fibrillation 27 (26%) 28 (30%) 33 (25%) 0.846
Ischemic heart disease 19 (19%) 13 (14%) 18 (14%) 0.534
Chronic heart failure 3 (2.9%) 4 (4.3%) 2 (1.5%) 0.44
Use of tissue

plasminogen
activator

2 (2%) 4 (4%) 6 (5%) 0.504

Main arterial disease 35 (34%) 27 (29%) 28 (21%) 0.069
TOAST classification 0.73
Cardioembolism 41 (40%) 32 (35%) 48 (36%)
Small vessel occlusion 22 (22%) 19 (21%) 34 (26%)
Large artery
atherosclerosis

15 (15%) 13 (14%) 18 (14%)

Other determined
etiology

17 (17%) 16 (17%) 15 (11%)

Undetermined 7 (7%) 12 (13%) 16 (12%)
Cardioembolism or

others
41 (40%) 32 (35%) 48 (36%) 0.71

NIHSS score 3 (1–7) 3 (1–5) 2 (1–4) 0.076
Hospital days 12 (8–16) 10 (7–16) 12 (9–16) 0.18
Favourable outcome 53 (52%) 57 (62%) 85 (64%) 0.158
BNP measurement time

from the stroke
onset, hr.

15 (8–23) 38 (31–46) 90 (69–144) <0.001

BNP, pg/mL 65 (30–168) 91
(32−201)

52 (17–109) 0.001

BNP; B-type natriuretic peptide, TOAST; the Trial of Org 10,172 in Acute Stroke
Treatment, NIHSS; National Institute of Health and Stroke Scale.
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intermediate group was not correlated with favourable outcome, while
that in the early group showed a significant association with favourable
outcome (Table 2). Furthermore, even when the same multivariate
analysis was performed on patients divided into 4 quartiles according to
BNP values, the quartile of BNP was still significantly correlated with
favourable outcome (odds ratio: 0.49 [0.26–0.93]; p = .028). Area
under curve analysis did not allow us to determine the cut-off value of
BNP to predict the outcome of stroke at discharge.

Nine patients died during their hospitalization in this study, with a
mortality rate of 2.8%. Of those who died, the BNP value was measured
in 7 (77.8%) patients within 24 h of symptom onset. Univariate analysis
suggested an association of BNP value with mortality when the BNP
value was measured within 24 h (p = .011; odds ratio of BNP/10: 1.02
[1.01-1.04]). However, multivariate logistic regression analyses were
not significant (Table 3).

4. Discussion

The association of BNP value and stroke outcome remains unclear,
although a high BNP value was reported to result from cardioembolic
etiology or the occurrence of heart failure. However, a meta-analysis
found that BNP levels were associated with all-cause mortality and the
time from onset to death [10]. Our results indicate that BNP is inversely
correlated with a favourable outcome of stroke if the measurement time
is within 24 h of stroke onset, while the BNP level did not provide
predictive information for outcome when it was measured after 24 h.

A previous meta-analysis suggested that the BNP value predicts
stroke subtype for cardioembolic stroke in cases where BNP was mea-
sured within 72 h [16]. Our study is unique in that it indicates the
importance of early measurement of BNP for the prediction of outcome
after stroke occurrence. Our study showed that a stroke patient whose
BNP level increases by 10 pg/mL has an 11% decreased chance of fa-
vourable outcome (mRS 0–1) when the measurement of BNP was

within 24 h, suggesting that it is a good predictor of patient outcome at
discharge. However, further studies are required as we were unable to
determine the cut-off value of BNP to predict the outcome of stroke.

Rost et al. reported a possible association of BNP level with stroke
outcomes, although the authors did not discuss the influence of mea-
surement time of BNP on outcome [9]. Because the half-life time of BNP
is as short as 20 min, the change in BNP level after ischemic stroke may
attenuate with time. Our data indicate the importance of measurement
time when evaluating BNP level. By contrast, it remains unclear whe-
ther the elevation in BNP level is associated with the causes of un-
favourable outcome or is the result of the unfavourable outcome. The
elevation in BNP level may relate to cardioembolic stroke in patients
with atrial fibrillation, which results in severe ischemic stroke [4,5].
The increase of BNP may indicate myocardial injury caused by activa-
tion of the renin-angiotensin-aldosterone system and fluid retention,
which leads to an unfavourable outcome [17]. Nevertheless, the se-
verity of brain damage may also contribute to an elevation of BNP
[7,11]. Clinically, increased serum BNP may predict the severity of is-
chemic stroke, and also identify a risk for heart failure and requirement
for treatment. Moreover, serum BNP levels in patients with sinus
rhythm may provide information of the necessity for strict cardiac
monitoring to detect paroxysmal atrial fibrillation. BNP measurement
in the field of stroke treatment is important, and further studies are
required to confirm our findings.

There are several limitations of our study. First, the number of
participating patients was small. Second, the measurement of BNP was
clinician-dependent, and a number of patients had to be excluded from
this study, which may introduce a selection bias. Third, as we did not
perform long-term follow-up, we were unable to show an association of
BNP value with mRS at 3 months after stroke onset. Fourth, we did not
evaluate the association of neurological decline during hospitalization
with the BNP value. Fifth, the BNP value in the intermediate group was
higher (median: 91 pg/mL) than that in the early group (media: 65 pg/
mL). Although, unlike heart failure, BNP values do not always decrease
with time in stroke patients, the precise mechanisms of this finding
remain unclear. Sixth, we could not determine an accurate cut-off value
of BNP for predicting the outcome of stroke, although this may be ac-
counted for, at least in part, by the inclusion of patients with and
without atrial fibrillation. Seventh, the lack of information regarding
the size and location of the strokes to control for neurological outcomes
is a potential bias. Eight, many of the patients enrolled were not treated
with thrombolysis. Finally, in our study, the BNP levels of the stroke
patients were not significantly correlated with mortality, even if mea-
sured within 24 h, which is inconsistent with previous reports [7,18].
This was likely because of the small number of patients in our study
who died during hospitalization. Thus, a larger study is needed to
confirm the association of BNP with mortality.

5. Conclusion

The BNP value may be a useful marker for the prediction of stroke
outcome when it is measured within 24 h after stroke onset.
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Table 2
Multivariate logistic regression analyses of the association between BNP value
and favourable outcome according to BNP measurement time.

Odds ratio 95% CI P

Early group (within 24 h)
Age 0.99 0.93–1.05 0.71
NIHSS 0.55 0.41–0.74 < 0.001
Atrial fibrillation 1.87 0.24–14.31 0.55
Main arterial disease 0.11 0.02–0.48 0.004
TOAST 0.80 0.49–1.31 0.38
BNP/10 (pg/mL) 0.89 0.80–0.99 0.03

Intermediate group (from 24 to 48 h)
Age 0.94 0.90–0.99 0.018
NIHSS 0.86 0.76–0.96 0.009
Dislipidemia 1.90 0.68–5.29 0.22
BNP/10 (pg/mL) 1.00 0.98–1.01 0.47

CI; confidence interval, NIHSS; National Institute of Health and Stroke Scale
score at admission.

Table 3
Multivariate logistic regression analysis of the association between BNP value
and mortality in the early group.

Early group (within 24 h)

Odds ratio 95% CI P

Sex 0.88 0.06–12.9 0.92
Hypertension 0.10 0.01–1.26 0.08
NIHSS 1.16 1.00–1.33 0.045
Atrial fibrillation 1.09 0.06–21.1 0.96
Main arterial disease 9.13 0.50–167.5 0.14
BNP/10 (pg/mL) 1.01 0.98–1.03 0.72
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