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and 6-month mortality in ICH patients. A cutoff NT-proBNP 
level of 999.85 pg/ml predicted an unfavorable functional 
outcome (with 66.1% sensitivity and 98.7% specificity) 
and 6-month mortality (with 93.8% sensitivity and 92.0% 
specificity) in ICH patients. Thus, the NT-proBNP level on 
day 4 was found to be a powerful prognostic predictor of 
functional outcome and 6-month mortality in ICH patients, 
which would be beneficial to guiding the initial management 
decisions in the setting of ICH.

Keywords NT-proBNP · Intracerebral hemorrhage · 
Prognosis · Functional outcome · Mortality

Introduction

Despite advances in medical technology, intracerebral hem-
orrhage (ICH) is still a common and devastating disease 
associated with high morbidity and mortality rates. Prognos-
tic biomarkers that can provide a good prediction of progno-
sis in patients with ICH would be beneficial to guiding the 
initial management decisions in the setting of ICH.

Brain natriuretic peptide (BNP) and N-terminal pro-
brain natriuretic peptide (NT-proBNP) have been identified 
as predictive biomarkers of cardiovascular disease, such as 
systolic and diastolic dysfunction, acute coronary syndrome, 
and left ventricular (LV) dysfunction [1–3]. NT-proBNP 
is a circulating precursor of BNP. It has a longer half-life, 
which makes it more sensitive in detecting early stage LV 
dysfunction [4]. Recent studies have shown that the serum 
NT-proBNP level is increased in patients hospitalized for 
acute cerebral lesions, such as traumatic brain injury (TBI), 
subarachnoid hemorrhage (SAH), and ischemic stroke [5–9].

In patients with acute ischemic stroke, NT-proBNP has 
been shown to be a strong predictor of in-hospital mortality 
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[10]. However, studies on the association between serum 
NT-proBNP concentration and ICH are lacking, and the role 
of NT-proBNP in evaluating the prognosis of patients with 
ICH remains a controversial issue. The present research was 
designed to determine the prognostic value of NT-proBNP 
in patients with ICH, in terms of functional outcome at dis-
charge and mortality within 6 months.

Methods

Patients

This prospective, observational, multicenter cohort study 
was carried out in four hospitals in the People’s Repub-
lic of China. A total of 571 ICH patients were recruited 
from August 2015 to July 2016. No additional interven-
tions were done in the treatment of the recruited subjects. 
The criteria for inclusion in the research were: isolated ICH 
confirmed by computed tomography scanning, 18 years old 
or above, admitted within 8 h of ICH onset, and surviving for 
at least 7 days after admission. The patients excluded from 
the study were those with a history of endocrine disease, 
renal insufficiency, heart disease (such as congestive heart 
failure and coronary ischemia), and multiple organ dysfunc-
tion and those with neurologic symptomatology caused by 
TBI, brain tumors, cerebrovascular malformation, SAH, and 
ischemic stroke. According to the above-mentioned inclu-
sion and exclusion criteria, 132 patients from 571 ICH cases 
in inpatient settings were enrolled. Treatment of ICH was 
done according to the Guidelines for Spontaneous ICH pub-
lished in 2015 [11].

Date collection and measurement

The baseline characteristics of the patients were collected 
from their hospital records. These included: gender, hema-
toma location, hematoma volume, ICH score, age, ICH 
volume, intraventricular involvement, supratentorial ver-
sus infratentorial origin, Glasgow Coma Scale (GCS) 
score, Acute Physiology and Chronic Health Evaluation 
(APACHE) II score (age, history of severe organ insuffi-
ciency or being immunocompromised, GCS score, rectal 
temperature, heart rate, respiratory rate, oxygenation, mean 
arterial pressure, arterial pH, leukocyte count, hematocrit, 
serum sodium, potassium, and creatinine), the average 
length of hospital stay before discharge and other param-
eters. Similarly to previous researches [12–14], the ICH, 
GCS, and APACHE II scores were assessed on the day of 
admission. Blood samples from each subject were obtained 
and analyzed for NT-proBNP. To decrease the bias caused 
by daytime variation, the serum NT-proBNP was measured 
at the time of enrollment and at 6 a.m. on days 4 and 7 

after admission. NT-proBNP was detected with the use of 
an electrochemiluminescence immunoassay (Roche Diag-
nostics GmbH, Sandhofer Strasse 116, D-68305 Mannheim, 
Germany). According to the information provided by the 
manufacturer, the measurement range was 5–35,000 pg/ml, 
and the reference range for ages 50–75 years was 0–900 pg/
ml. To minimize any non-blinded outcome assessment bias, 
the medical laboratory technologists were blinded to the 
information on all patients.

End points

The first end point was functional outcome at discharge, 
which was dichotomized into favorable or unfavorable 
based on the Glasgow Outcome Score (GOS). A favorable 
outcome was defined as a GOS score of 4 or 5, whereas an 
unfavorable outcome was defined as a GOS score of 1–3. 
The secondary end point was mortality within 6 months 
after ICH. Follow-up data were collected monthly through 
telephone interviews with the patients or their next of kin.

Statistical analysis

Normally distributed continuous variables were expressed 
as mean ± standard deviation (x̄ ± SD), and non-normally 
distributed variables as medians and confidence intervals. 
Categorical variables were expressed as percentages. For 
normally distributed continuous variables, an independ-
ent samples t test was used to compare the differences 
between the two groups, and a Chi-square test was applied 
to analyze enumeration data. Data with skewed distribu-
tions were analyzed by using the Mann–Whitney U test 
or the Kruskal–Wallis test. Univariate and multivariate 
logistic regression analyses were carried out to identify the 
prognostic factors predicting outcomes. In the multivariate 
logistic regression analysis, the clinical variables, such as 
the ICH score, APACHE II score, and NT-proBNP level, 
were entered as number scores. The “method” chosen was 
“Enter”. A receiver operating characteristic (ROC) analy-
sis was applied to determine the cutoff NT-proBNP level 
(with the highest sum of specificity and sensitivity) for the 
prognosis of ICH. Statistical significance was defined as 
P < 0.05. All statistical analyses were done by using SPSS 
version 20.0 for Windows (SPSS Inc, Chicago, IL).

Results

Patient characteristics

This study included 132 cases from 571 ICH patients: 62 
men and 70 women, with ages ranging from 50 to 74 years. 
None of the patients suffered cardiac infarction or heart 
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failure during the study, and no patient was lost to follow-
up. 56 cases had an unfavorable functional outcome at dis-
charge, and 32 patients died within 6 months. Table 1 shows 
the clinical characteristics of the patients, including gender, 
hematoma location/volume, ICH score, APACHE II score, 
and average length of hospital stay before discharge.

Temporal development of serum NT‑proBNP levels

The NT-proBNP levels showed a marked increase after 
ICH. Compared with the measurements on the two other 
days, the mean NT-proBNP level on day 1 was significantly 
lower (426.50 ± 224.10 pg/ml; 95% CI 387.92–465.09; 
P < 0.001 and P = 0.017, respectively). The mean plasma 
NT-proBNP level was 745.95 ± 428.89 pg/ml on day 4 
(95% CI 672.10–819.80), which was significantly higher 
than the average levels of 426.50 ± 224.10 pg/ml (95% CI 
387.92–465.09; P < 0.001) and 522.93 ± 292.08 pg/ml (95% 
CI 387.92–465.09; P < 0.001) on days 1 and 7, respectively 
(Fig. 1).

NT‑proBNP levels and functional outcome

The serum NT-proBNP levels on days 1, 4, and 7 in 
patients with favorable functional outcomes (GOS 4 or 5) 
were significantly lower than those in patients with unfa-
vorable functional outcomes (GOS 1–3): 302.09 ± 81.37 
versus 595.35 ± 245.29 pg/ml (95% CI of the difference, 

233.65–352.88; P < 0.001), 503.51 ± 126.75 pg/ml ver-
sus 1074.98 ± 474.10 pg/ml (95% CI of the difference, 
458.92–684.03; P < 0.001), and 366.17 ± 85.03 pg/ml 
versus 735.68 ± 336.58 pg/m (95% CI of the difference, 
289.98–449.03; P < 0.001), respectively (Fig. 2a). The uni-
variate logistic regression analysis showed that the serum 
NT-proBNP levels on days 1, 4, and 7, the ICH score, and 
the APACHE II score were prognostic indicators of func-
tional outcome. The multivariate logistic regression analysis 
indicated that the serum NT-proBNP level on day 4, the ICH 

Table 1  The 
clinical characteristics of 
patients

Characteristics Functional outcome Prognosis

Favorable Unfavorable Survival Dead

Gender
 Male (%) 34 (25.76) 28 (21.21) 48 (36.36) 14 (10.61)
 Female (%) 42 (31.82) 28 (21.21) 52 (39.39) 18 (13.64)

Hematoma localization
Basal ganglia/thalamic region (%) 68 (51.52) 50 (37.88) 89 (67.42) 29 (21.97)
 Frontal lobe (%) 2 (1.52) 1 (0.76) 3 (2.27) 0 (0.00)
 Temporal lobe (%) 2 (1.52) 1 (0.76) 2 (1.52) 1 (0.76)
 Parietal lobe (%) 2 (1.52) 2 (1.52) 3 (2.27) 1 (0.76)
 Occipital lobe (%) 1 (0.76) 1 (0.76) 2 (1.52) 0 (0.00)
 Cerebellum (%) 1 (0.76) 1 (0.76) 1 (0.76) 1 (0.76)

Hematoma volume
 ≥30 ml (%) 18 (13.64) 48 (36.36) 34 (25.76) 32 (24.24)
 <30 ml (%) 58 (43.94) 8 (6.06) 66 (50.00) 0 (0.00)

ICH score
 ≥3 (%) 5 (3.79) 24 (18.18) 8 (6.06) 21 (15.91)
 <3 (%) 71 (53.79) 32 (24.24) 92 (69.70) 11 (8.33)

APACHE II score
 ≥20 (%) 1 (0.76) 36 (27.27) 8 (6.06) 29 (21.97)
 <20 (%) 75 (56.82) 20 (15.15) 92 (69.70) 3 (2.27)

The average length of stay (days) 24.82 ± 7.15 41.75 ± 30.81 25.99 ± 8.07 50.78 ± 37.65

Fig. 1  Time course of serum NT-proBNP levels in patients with ICH
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score, and the APACHE II score were independent prognos-
tic factors of functional outcome (Table 2). The ROC curve 
analysis showed that the area under the curve (AUC) for the 
NT-proBNP level on day 4 was 0.838 (95% CI 0.762–0.915; 
P  <  0.001). By applying the cutoff NT-proBNP level 
(999.85 pg/ml), the sensitivity and specificity of the NT-
proBNP levels in predicting the functional outcome were 
obtained as 66.1 and 98.7%, respectively (Fig. 2b).

NT‑proBNP levels and mortality

Compared with those in survivors, the NT-proBNP levels 
in non-survivors on days 1, 4, and 7 were significantly 
higher: 719.08 ± 178.45 versus 332.88 ± 141.28 pg/ml 
(95% CI of the difference, 325.54–446.86; P < 0.001), 

1366.24 ± 344.78 versus 547.46 ± 204.99 pg/ml (95% 
CI of the difference, 720.07–917.49; P < 0.001), and 
910.60 ± 280.50 versus 398.88 ± 155.32 pg/m (95% CI 
of the difference, 434.29–589.15; P < 0.001), respectively 
(Fig. 3a). In the univariate logistic regression analysis, 
the prognostic indicators of 6-month mortality after ICH 
included the serum NT-proBNP levels on days 1, 4, and 
7, the ICH score, and the APACHE II score. In the multi-
variate logistic regression analysis, however, only the NT-
proBNP level on day 4, the ICH score, and the APACHE 
II score were independently associated with 6-month mor-
tality after ICH (Table 2). The AUC for the NT-proBNP 
level on day 4 was 0.958 (95% CI 0.907–1.000; P < 0.001) 
(Fig. 3b); the sensitivity of the NT-proBNP cutoff level 
of 999.85 pg/ml was 93.8%, with a specificity of 92.0%.

Fig. 2  a Serum NT-proBNP levels and functional outcomes of ICH 
patients. b The receiver operating characteristics curve was con-
structed to determine the cutoff level of NT-proBNP for an unfavora-

ble functional outcome. The cutoff level of 999.85  pg/ml showed a 
sensitivity of 66.1% and a specificity of 98.7%. The area under the 
curve was 0.838

Table 2  Univariate and 
multivariate analysis for 
predictors of functional 
outcome and 6-month mortality 
after ICH

Factors Functional outcome 6-month mortality

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

Univariate analysis
 NT-proBNP on day 1 1.011 (1.007–1.015) 0.000 1.010 (1.007–1.013) 0.000
 NT-proBNP on day 4 1.005 (1.003–1.007) 0.000 1.007 (1.005–1.010) 0.000
 NT-proBNP on day 7 1.008 (1.005–1.011) 0.000 1.008 (1.005–1.010) 0.000
 ICH score 6.723 (3.577–12.636) 0.000 11.769 (5.129–27.004) 0.000
 APACHE II score 1.435 (1.256–1.639) 0.000 1.462 (1.281–1.669) 0.000

Multivariate analysis
 NT-proBNP on day 4 1.004 (1.001–1.006) 0.008 1.004 (1.001–1.007) 0.007
 ICH score 3.135 (1.357–7.244) 0.007 5.293 (1.072–26.142) 0.041
 APACHE II score 1.367 (1.162–1.609) 0.000 1.197 (1.018–1.407) 0.030



2085J Neurol (2017) 264:2081–2087 

1 3

Discussion

To our knowledge, this is the first prospective study spe-
cifically designed to evaluate the prognostic value of NT-
proBNP in patients with ICH. As shown in the results, the 
plasma concentrations of NT-proBNP increased markedly 
after ICH, and the increases in serum NT-proBNP levels 
were more common in patients who had an unfavorable 
functional outcome at discharge and who died within 
6 months after ICH. The multivariate logistic regression 
analysis indicated that the NT-proBNP level on day 4 
was an independent predictor of functional outcome and 
6-month mortality in patients with ICH.

In the early stage of ICH, various hormones, such as 
natriuretic peptide, are involved in the pathophysiologic 
process of neurologic injury [15]. In a previous study, the 
median level of plasma BNP was shown to be significantly 
higher in non-survivors than in survivors, and a plasma 
BNP of >60.0 pg/ml was found to be independently asso-
ciated with  mortality  within 1  month  after ICH [16]. 
Because of its longer half-life and stable biological char-
acteristics, NT-proBNP, which is secreted in equivalent 
proportion to BNP, seems to be more convenient for clini-
cal detection. Previous works have indicated that increased 
NT-proBNP levels in patients with acute coronary syn-
drome or LV dysfunction were associated with poor prog-
nosis [1–3]. On the other hand, several cohort studies have 
shown that NT-proBNP levels were increased early and 
markedly after acute brain injury, such as ischemic stroke, 
as well as SAH, and were associated with poor short-term 
prognosis for these patients [10, 17].

However, there are few studies on the prognostic role 
of NT-proBNP in patients with ICH. In the present work, 
patients with other diseases leading to increased NT-proBNP 
levels were excluded; the serum NT-proBNP levels were 
found to increase markedly after ICH, which was consistent 
with the results of Nyberg et al. [17]. Further, a significant 
increase in serum NT-proBNP concentrations was found in 
patients who had an unfavorable functional outcome at dis-
charge and who died within 6 months after ICH; this finding 
was in accordance with previous studies, which showed that 
NT-proBNP was correlated with the severity and prognosis 
of neurologic injury [10].

In the current study, the plasma NT-proBNP levels were 
measured on days 1, 4, and 7 because our previous work 
showed that the plasma NT-proBNP levels increased pro-
gressively and markedly at least in the first 4 days after ICH, 
reached a peak level on the fourth day, and then decreased 
gradually [18]. The univariate logistic regression analysis 
indicated that the serum NT-proBNP levels on days 1, 4, and 
7 were prognostic indicators of clinical outcome. However, 
the multivariate logistic regression analysis indicated that, 
compared with the measurements on the other days, only 
the serum NT-proBNP concentration on day 4 was a pow-
erful independent prognostic factor of functional outcome 
and mortality in ICH patients. A possible explanation for 
this finding is that the serum NT-proBNP levels in the acute 
stage of ICH are closely correlated to the severity of neuro-
logic injury [5, 10]; the secondary brain edema after ICH, 
which peaks at around day 3 and decreases by day 7, is well 
known to be the major cause of deterioration of neurologic 
function.

Fig. 3  a Serum NT-proBNP levels and 6-month mortality of ICH 
patients. b The receiver operating characteristics curve was con-
structed to determine the cutoff level of NT-proBNP for 6-month 

mortality. The cutoff level of 999.85  pg/ml showed a sensitivity of 
93.8% and a specificity of 92.0%. The area under the curve was 0.958
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In this research, the AUC was used to determine the diag-
nostic value of the NT-proBNP level on day 4 in patients 
with ICH. In predicting the 6-month mortality after ICH, 
the AUC for the NT-proBNP on day 4 was greater than 0.9, 
with high sensitivity (93.8%) and specificity (92.0%); in the 
prediction of neurologic function, the AUC was slightly less 
than 0.9 (0.838), suggesting that the NT-proBNP concentra-
tion on day 4 after ICH is a powerful prognostic biomarker 
of clinical outcome, including 6-month mortality, in patients 
with ICH.

The present work has several limitations that need to be 
considered. First, the small sample size limits the generaliz-
ability of the findings to all ICH patients. Second, selection 
bias exists in that the biomarker was measured in patients 
surviving at least 7 days after admission rather than in all 
patients, including those who died within 3 days after ICH. 
In addition, other factors that might account for the increased 
serum NT-proBNP levels during the study could not be 
completely excluded, which might have caused bias in the 
results. Finally, the first end point of this study was func-
tional outcome at discharge rather than after rehabilitation 
at home; the latter would have allowed for the possibility of 
more patients ultimately obtaining favorable functional out-
comes after rehabilitation. Mortality data on long-term fol-
low-up of the patients are needed in future studies.

Conclusion

The present study clearly showed that the serum NT-proBNP 
concentrations increased markedly and progressively after 
ICH. The increase in serum NT-proBNP levels was more 
common in patients with poor clinical outcomes. The NT-
proBNP level on day 4 was shown to be a powerful prognos-
tic predictor of functional outcome and 6-month mortality 
in patients with ICH.
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