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Abstract
Background Intracranial hemorrhage (ICH) is often associat-
ed with cardiac events. Twelve-lead electrocardiography
(ECG) and transthoracic echocardiography are essential diag-
nostic tools for preoperative risk assessment. B-type natriuret-
ic peptide (BNP) is a well-known predictor of cardiac out-
come in various clinical settings. This study examined wheth-
er BNP levels on admission are associated with in-hospital
cardiac events among ICH patients.
Method This prospective study enrolled 77 ICH patients who
were admitted to this hospital for emergency neurosurgery. On
admission, BNP levels, 12-lead ECG and transthoracic echo-
cardiography were carried out for all patients. These patients
were divided into two groups: Group I included 19 patients
(10 men and 9 women) having 24 in-hospital cardiac events
(mean age of 57±15 years); Group II included 57 patients (29
men, mean age of 71±11 years) without cardiac events.
Results Admission BNP levels of Group I patients were sig-
nificantly higher than those of Group II patients (683.8±
1,043.8 pg/ml vs 168.5±173.5 pg/ml, p=0.001). In multivar-
iate analysis, BNP levels and T-wave inversion are indepen-
dent predictors of in-hospital cardiac events. A cutoff value of

BNP levels (156.6 pg/ml) predicted in-hospital cardiac events
in ICH patients with 80 % sensitivity and 66 % specificity.
Conclusions Serum BNP levels and electrocardiographic T-
wave inversion on admission are independent predictors of in-
hospital cardiac events in patients with ICH who undergo
emergency neurosurgery.

Keywords BNP . Intracranial hemorrhage . In-hospital
morbidity

Introduction

An association between intracranial hemorrhage and cardiac
dysfunction was first reported in 1954. In the report, T-wave
abnormality was observed in patients with subarachnoid hem-
orrhage (SAH) [1]. It is well known that SAH is often asso-
ciated with cardiopulmonary complications including cardiac
arrhythmias and conduction abnormalities [2].

In previous studies, SAH was associated with adverse
cardiac events caused by rhythm disturbances or myocardial
necrosis in up to 40 % of the patients [3–5]. Electrocardiog-
raphy (ECG) and transthoracic echocardiography (TTE) are
important diagnostic tools for preoperative risk assessment
[6]. Nevertheless, these tests often cannot be performed due
to time constraints during an emergency situation. B-type
natriuretic peptide (BNP) has a diagnostic or prognostic value
in various clinical settings [7,8]. Furthermore high BNP levels
are associated with an increased mortality after stroke [9]. In
previous studies, high BNP levels were associated with poor
neurological outcome after SAH. BNP levels increased soon
after development of SAH, but these BNP levels returned to
the baseline by 2 weeks. It was related to myocardial dysfunc-
tion evidenced by sudden catecholamine surge after SAH
[10,11]. However, there are limited data on a correlation
between BNP levels and clinical outcomes in patients with
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intracranial hemorrhage (ICH) other than SAH. The aim of
this study was to evaluate whether BNP levels could predict
cardiac events, such as cardiac arrhythmias, myocardial in-
farction or cardiac arrest for in-patients with ICH.

Methods

Study population

This prospective study enrolled 77 patients (with a mean age
of 66±15 years; 39 men (50.6 %) and 38 women (49.4 %).
They were admitted to this hospital with a diagnosis of ICH,
and underwent emergency neurosurgery from January 2009
through May 2011.

ICH was confirmed by computed tomography or magnetic
resonance imaging. ICH cases included 30 subdural hemor-
rhages (SDHs), 4 epidural hemorrhages (EDHs), 32 intrace-
rebral hematomas (ICbHs), and 11 SAHs. All 30 patients with
SDH were in the acute stage of hemorrhage. Concerning the
ICbH, the location of the hemorrhages for ten patients was in
the basal ganglia and for 15 patients was in the frontal lobe. As
for the remaining seven patients, the location of the hemor-
rhages was in the parietal lobe. Eleven SAHs were due to
spontaneously ruptured aneurysms. All of these patients
underwent intracranial operation within 24 h after admission.
This study excluded patients with any history of ischemic
heart disease, cardiomyopathy, heart death, myocardial infarc-
tion, or chronic kidney disease. Patients were divided into two
groups: Group I included 19 patients with in-hospital cardiac
events, while Group II included 58 patients without a cardiac
event. This study was approved by the institutional review
board of the Kang Nam General Hospital.

Baseline clinical data

The patients’ past medical history was obtained from the
patients themselves, family members and previous medical
records. Age, gender, diabetes mellitus, hypertension, dyslip-
idemia, obesity (BMI>23 kg/m2) and history of heart disease
were checked. Heart rate, systolic and diastolic blood pressure
were monitored periodically during hospitalization. Chest PA,
12-lead ECG and TTE were performed within 48 h of
admission.

Laboratory test and measurement of BNP levels

Venous blood samples were collected in a tube containing
lithium-heparin and transported to the laboratory at room
temperature. Plasma BNP levels were measured using the
fluorescent enzyme immunoassay (Abbot Diagnostics, Ab-
bott Park, IL). The upper limit of normal BNP level is
100 pg/ml in our hospital. The level of cardiac troponin I

(TnI) was also measured using the fluorescent enzyme immu-
noassay and the upper limit of normal TnI level was
0.032 ng/ml at this laboratory. The levels of hemoglobin,
hematocrit, electrolyte, blood urea nitrogen, creatinine, liver
enzymes, activated partial thromboplastin time, and prothrom-
bin time were taken on admission.

ECG and echocardiography

ECG was carried out for all patients and rhythm strips were
continuously monitored in the intensive care unit. Patients
were put on a 24-h Holter monitoring whenever ECG irregu-
larities were detected in the hospital. ECG abnormalities were
analyzed with respect to pathologic Q wave, QT prolongation,
U wave, ST elevation and depression, T-wave inversion, tall
T-wave, giant T-wave inversions, and nonspecific ST-T-wave
abnormalities (NSTTA).

Abnormal rhythmic disturbances were specified as sinus
tachycardia (>100 beats/min), sinus bradycardia (<60 beats/
min), supraventricular tachycardia (SVT), atrial fibrillation
(AF), ventricular tachycardia (VT), or ventricular fibrillation
(VF). Atrio-ventricular (AV) conduction disturbance was also
examined (see Electronic supplementary material, Methods).

Transthoracic echocardiography (TTE) was performed
using GE vivid 7 Dimension Ultrasound System (GE
Healthcare, Milwaukee, WI, USA). For TTE examination,
standard two-dimensional images, Doppler recordings of mi-
tral inflow and pulmonary venous flow were obtained [12].
Left ventricular ejection fraction (LVEF), regional wall mo-
tion abnormality (RWMA) and diastolic dysfunction were
also verified [13].

Clinical outcome

The clinical outcome included cardiac death, nonfatal myo-
cardial infarction, as well as rhythm disturbances (ventricular
tachycardia, ventricular fibrillation, paroxysmal supraventric-
ular tachycardia, atrial tachycardia, atrial flutter, and atrial
fibrillation). Cardiac arrest is defined as the abrupt loss of
heart function. Myocardial infarction was define as ST-
segment change with increased TnI levels above the normal
range (TnI >0.032 ng/ml) (see Electronic supplementary ma-
terial, Fig. 1).

Statistical analysis

Continuous data with normal distribution were expressed as
the mean±standard deviation and the independent t-test or
Mann–Whitney U test was utilized for comparative analysis
of continuous data. The Fischer exact test was used for the
comparisons of categorical data.

The Spearman’s correlation was used to assess the relation-
ship between BNP levels on admission and ECG parameters.
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The linear regression analysis was used to test a correlation
between BNP levels and LVEF. Univariate and multivariate
logistic regression analyses were used to identify the predictor
of in-hospital cardiac events, reporting odds ratios (ORs) and
95 % confidence intervals (CIs). The receiver-operating char-
acteristic (ROC) analysis was performed to determine sensi-
tivity, specificity, and cutoff BNP levels in the prediction of
cardiac events. All analyses were performed using the Statis-
tical Package for the Social Sciences (SPSS) version 17.0
statistical software (SPSS, Chicago, IL, USA)

Results

Baseline characteristics

The baseline characteristics of subjects are shown in Table 1.
The mean duration of hospitalization was 45±47 days. The
mean LVEF of patients in Group I was lower than that of
patients in Group II (47.9±14.7 vs 57.6±7.5, p=0.004). There
were no significant differences in other baseline parameters
between these two groups.

Biochemistry and ECG abnormalities

The mean BNP level was 295.6±575.0 pg/ml. The BNP levels
of patients in Group I were significantly higher than those of
patients in Group II (683.8±1,043.8 pg/ml vs 168.5±173.5 pg/
ml) (p=0.001) (Fig. 1). The TnI levels of patients in Group I

were also significantly higher than those of patients in Group II
(1.2±5.1 ng/ml vs 0.03±0.05 ng/ml) (p=0.002). There were no
differences in other laboratory tests between these two groups
(Table 2). The LVEF values were significantly correlated with
admission BNP levels on (correlation coefficient 0.232,
p<0.001). Thirty one patients had at least one or more ECG
abnormalities (40.3 %). The most common ECG abnormality
was T-wave inversion (24 patients, 31.2 %). T-wave inversion,
NSTTA and ST depression appeared more frequently among
patients in Group I than patients in Group II (Table 2).

Predictors of in-hospital cardiac events in patients with ICH

The mean hospital duration of ICH patients was 45±47 days
(Group I, 47±42 days; Group II, 40±50 days). The mortality
rate during hospitalization was 19.4 % (15/77 patients).

Nineteen patients experienced 24 cardiac events including
6 cardiac arrests (25 %), 2 myocardial infarctions (8%), 2 VTs
(8 %), 13 AFs (54 %), and 1 SVT (5 %) (see Electronic
supplementary material, Fig. 1). The incidence of new-onset
AF was significantly higher among patients with an elevated
BNP level. Eleven (84.6 %) out of 13 patients with new-onset
AF had an elevated BNP level, while two (15.4 %) patients
had a normal BNP level (p<0.001). There were no significant
differences in other cardiac events between these two groups.

In multivariate logistic regression analyses, only higher
BNP levels (OR, 1.003; 95 % CI, 1.001–1.005; p=0.01) and
T-wave inversions (OR, 4.218; 95 % CI, 1.256–14.166; p=
0.02) were independently associated with in-hospital cardiac
events (Table 3). Using the cutoff value of BNP (156.6 pg/ml),
the sensitivity and specificity of BNP levels predicting cardiac
events were 68 and 66%, respectively. The area under the ROC
curve was 0.749 in Fig. 2 (95 % CI=0.631–0.867, p=0.001).

High BNP levels are significantly associated with cardiac
events in the subgroup of patients with spontaneous ICH (n=
43: 32 ICbH and 11 SAH). However, such an association has
not been established in patients with traumatic ICH (n=34: 30
SDH and 4 EDH) (see Electronic supplementary material,
Table 1). We have also evaluated the prognostic implication
of the admission BNP and ECG parameters in the subgroup of
ICbH (n=32) and SDH (n=30). In the subgroup analysis for
the patients with ICbH, the mean BNP level was significantly
higher in patients with cardiac events than in patients without
cardiac events. However, the BNP level was not associated
with in-hospital cardiac events in patients with SDH (see
Electronic supplementary material, Table 2).

Discussions

This prospective observational study demonstrated that BNP
levels were independently associated with in-hospital cardiac

Table 1 Baseline characteristics of the study patients

Patients with
cardiac events
(n=19)

Patients without
cardiac events
(n=58)

p value

Age (years) 70.2±11.17 65.0±15.2 0.24

Male (%) 10 (52.6) 29 (50.0) 0.84

Systolic BP (mmHg) 138.6±28.4 137.7±22.3 0.67

Diastolic B (mmHg) 79.6±13.8 78.0±15.7 0.73

Heart rate(beats/min) 82.9±18.4 81.5±21.8 0.79

Hypertension (%) 11 (57.9) 32 (55.2) 0.84

Diabetes (%) 4 (21) 12 (20.7) 0.97

Dyslipidemia (%) 3 (15.8) 16 (29.6) 0.30

SDH 7 (36.8) 23 (39.7) 0.66

EDH 0 (0) 4 (6.9) 0.91

ICbH 9 (47.4) 23 (39.7) 0.43

SAH 3 (15.8) 8 (13.8) 0.67

LVEF (%) 47.9±14.7 57.6±7.5 0.004*

BP blood pressure, EDH epidural hemorrhage, ICbH intra-cerebral he-
matoma, LVEF left ventricle ejection fraction, SDH subdural hemorrhage,
SAH subarachnoid hemorrhage

*p <0.05
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Fig. 1 B-type natriuretic peptide
level between two groups

Table 2 BNP levels and ECG abnormalities in patients with or without
cardiac events

Patients with
cardiac events
(n=19)

Patients without
cardiac events
(n=58)

p value

Laboratory parameters

Creatinine (g/ml) 1.6±1.4 1.3±1.2 0.06

TnI (ng/ml) 1.2±5.1 0.03±0.05 0.002*

BNP (pg/ml) 683.8±1,043.8 168.5±173.5 0.001*

hs-CRP (mg/l) 3.4±5.7 3.3±4.3 0.73

ECG parameters

QT interval (ms) 475.6±60.9 460.1±37.6 0.49

QRS duration (ms) 91.8±23.8 97.9±28.7 0.33

Sinus bradycardia (%) 2 (10.5) 10 (17.2) 0.48

Sinus tachycardia (%) 0 (0) 6 (10.3) 0.14

Pathologic Q wave (%) 1 (5.3) 2 (3.4) 0.72

T inversion (%) 11 (57.9) 13 (22.4) 0.001*

NSTTA (%) 8 (42.1) 10 (17.2) 0.020*

ST depression (%) 4 (21.1) 0 (0) 0.001*

ST elevation (%) 0 (0) 0 (0) 1.00

Tall T wave (%) 0 (0) 1 (1.7) 0.56

BNP B-type natriuretic peptide, ECG electrocardiography, hs-CRP high
sensitivity C-reactive protein, TnI troponin I, ms milliseconds, NSTTA
nonspecific ST-T-wave abnormalities

*p <0.05

Table 3 Univariate and multivariate analysis for predictors of cardiac
events

Odds ratio 95 % confidence
interval

p value

Lower Upper

Univariate analysis

BNP(pg/ml) 1.003 1.001 1.005 0.01*

TnI (ng/ml) 9.818 2.510 38.413 <0.01*

LV EF (%) 0.937 0.888 0.988 0.02*

Heart rate (beats/min) 1.003 0.977 1.030 0.81

Diabetes 1.022 0.286 3.650 0.97

Hypertension 1.117 0.392 3.184 0.84

Dyslipidemia 0.492 0.126 1.919 0.31

QT interval 1.007 0.996 1.019 0.20

NSTTWA 3.491 1.119 10.886 0.03*

T inversion 4.760 1.584 14.300 0.01*

Pathologic Q wave 1.556 0.133 18.180 0.73

Multivariate analysis

BNP(pg/ml) 1.003 1.001 1.005 0.01*

TnI (ng/ml) 4.042 0.693 23.558 0.12

LV EF (%) 0.972 0.914 0.988 0.37

NSSTTWA 1.853 0.413 1.853 0.42

T inversion 4.218 1.256 14.166 0.02*

hs-CRP high sensitivity C-reactive protein, BNP B-type natriuretic pep-
tide, LV EF left ventricle ejection fraction, TnI troponin I, NSTTA non-
specific ST- or T-wave abnormalities

*p <0.05
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events in patients with ICH undergoing neurosurgery, not only
SAH but also the other types of ICH. In a multivariate logistic
regression analysis model for predicting in-hospital cardiac
events in patients with ICH after adjustment of age, sex,
LVEF, underlying disease (hypertension, diabetes) and the
type of ICH, the admission BNP level was the only indepen-
dent predictor of the in-hospital cardiac events in ICH patients
(OR, 1.004; 95 % CI, 1.000–1.008; p=0.029) (see Electronic
supplementary material, Table 3)

Elevated BNP levels in patients with SAH were associated
with poor prognosis [10,11]. Excessive catecholamine release
after SAH has been proposed as the most probable pathophys-
iologic mechanism of myocardial injury. After development
of SAH, local release of norepinephrine from myocardial
sympathetic nerve endings has been shown to induce
cardiac-toxicity [14,15]. A transient relationship has been
described between BNP levels and cerebral vasospasm [16].
BNPs and their receptors were detected from the human brain
tissues, particularly in the brain stem, hypothalamus, and the
circumventricular organs [17].

LV systolic dysfunction has been described in approxi-
mately 10 % of patients after SAH. An elevated TnI level
was associated with RWMA in TTE [18,19]. In this study,
however, BNP, TnI and LVEF were significant predictors of
in-hospital cardiac events, as shown in the univariate analysis.
Among the biochemical parameters, only BNP levels were
independently associated with cardiac events in multivariate
analysis.

Preoperative BNP concentration is one of the powerful
independent predictors of perioperative cardiovascular com-
plications. However, a recent meta-analysis has reported that

an additional postoperative BNP measurement enhances risk
stratification for the cardiac events at 30 days after non-cardiac
surgery compared with a preoperative BNP measurement
alone [20]. In a previous study by Spatenkova et al. [21],
postoperative NT-proBNP level was significantly higher on
postoperative day 2 than on day 1. However, there was no
relationship between the post-operative BNP levels and the 1-
year cardiac events in 27 patients with C-spine surgery. The
previous study population was younger and was comprised of
fewer female patients than the study population of the current
study

This investigation also examined whether specific ECG
abnormalities had been associated with in-hospital cardiac
events in ICH patients. The most common and specific ECG
change in ICH patients was QT prolongation [22–24]. The
most common types of arrhythmia were sinus bradycardia and
AF, while rhythm abnormalities were also detected in about
4 % of patients with SAH [25]. Coghlan et al. [26] showed
that preoperative bradycardia, relative tachycardia (heart rate
>80 beats/min) and nonspecific ST-T-wave abnormalities had
been strongly associated with 3-month mortality after inflic-
tion of SAH. In this study, only T-wave inversion on admis-
sion was independently associated with clinical outcomes, as
evidenced in the multivariate analysis. However, the sensitiv-
ity of T-inversion in ECG in the prediction of in-hospital
cardiac event was only 45.8 %. The consideration is that the
diagnostic attribute of ECG has been limited to the detection
of myocardial dysfunction(s) in patients with ICH [4,27].
Thus, TTE has been regarded as the ‘gold standard’ in the
detection of cardiac dysfunction(s). Nevertheless, in many
instances, TTE may not be performed in an emergency cir-
cumstance due to the time constraint and poor patient condi-
tion. From this investigation, we suggest that patients with
high BNP levels on admission necessitate careful monitoring
of possible development of cardiac event(s) in the hospital.
Thus, routine BNP levels taken on admission may prove to be
diagnostically valid in the assessment of cardiac functions and
identification of high risk ICH patients vulnerable to in-
hospital cardiac events.

Study limitations

This study has several important limitations. First, the follow-
up observations were only possible until the time of hospital
discharge. Data on long-term follow-up observations remain
to be scrutinized in a future study. Second, this study could not
conclude that early detection of cardiac dysfunction(s) would
improve clinical outcome in these patients. Third, this study
did not demonstrate the extent of neurologic consequences
after development of ICH, which correlated with neuro-
cardiac injuries. Some studies reported that neuro-cardiac
injuries were more adversely associated with infliction of poor
neurological grade. The clinical importance of these

Fig. 2 A receiver operating characteristics curve was constructed to
determine the cutoff value of B-type natriuretic peptide for predicting
cardiac events. A cutoff value of 156.6 pg/ml yielded the maximal
combined efficacy with a sensitivity of 68 % and specificity of 66 %.
Area under the curve=0.749 (95 % CI=0.631–0.867, p=0.001)
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observations remain to be defined [28]. Lastly, the heteroge-
neous ICH diagnoses pool together in the current study. In
subgroup analysis, admission BNP was an independent risk
factor for adverse cardiac event even after adjusting the type of
ICH. However, our data should only be applied in patients
undergoing brain surgery.

Conclusion

Elevated BNP levels and T-inversion on admission were
independently associated with in-hospital cardiac events in
patients with ICH. BNP levels on admission may prove to
be a useful predictor of adverse cardiac events than other time-
consuming diagnostic parameters in providing in-hospital
cardiac prognosis in patients with ICH.

Conflicts of interest None.
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