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Abstract

Background Patients developing stress-induced cardio-

myopathy (SIC) after subarachnoid hemorrhage (SAH)

have increased risk of vasospasm, delayed cerebral ische-

mia and death. We evaluated whether high-sensitive

troponin T (hsTnT) and N-terminal pro B-type natriuretic

peptide (NTproBNP) are useful biomarkers for early

detection of SIC after SAH.

Methods Medical records of all patients admitted to our

NICU with suspected or verified SAH from January 2010 to

August 2014 were reviewed. Patients in whom echocardi-

ography was performed and blood samples for measure-

ments of hsTnT and/or NTproBNP were obtained, within 72

and 48 h, respectively, after onset of symptoms, were

included. SIC was defined as reversible left ventricular

segmental hypokinesia diagnosed by echocardiography.

Results A total of 502 SAH patients were admitted during

the study period, 112 patients fulfilled inclusion criteria and

25 patients fulfilled SIC criteria. Peak levels of hsTnT and

NTproBNP were higher in patients with SIC (p < 0.001).

hsTnT had its peak on admission, while NTproBNP peaked

at days 2–4 after onset of symptoms. A hsTnT > 89 ng/l

or a NTproBNP > 2,615 ng/l obtained within 48 h after

onset of symptoms had a sensitivity of 100 % and a

specificity of 79 % in detecting SIC.

Conclusions The cardiac biomarkers, hsTnT and

NTproBNP, are increased early after SAH and levels are

considerably higher in patients with SIC. These biomarkers

are useful for screening of SIC, which could make earlier

diagnosis and treatment of SIC in SAH patients possible.
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Introduction

Acute cardiac events are common in patients with sub-

arachnoid hemorrhage (SAH). These cardiac events vary in

clinical importance from subclinical electrocardiographic

changes [1] to troponin leakage [2] or severe heart failure

[3–6]. Several mechanisms causing the cardiac dysfunction

are proposed [7, 8]; however, over-simulation of the

myocardial beta-receptors is most likely involved in the

pathogenesis [9–14]. The deteriorated cardiac function

usually presents as regional hypokinesia of the left ven-

tricle (LV), not following coronary artery distribution [3–

6]. Because of the association with enhanced sympathetic

activity, this condition is often denoted as stress-induced

cardiomyopathy (SIC), but is also referred to as Tako-tsubo

cardiomyopathy [15]. Although SIC generally is reversible

[6, 11], patients with SIC after SAH have an increased risk

of cerebral vasospasm, delayed cerebral ischemia and death

[16–18]. Early detection and treatment of SIC in SAH
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patients could be crucial to ensure optimal cerebral blood

flow and to potentially improve long-term outcome.

Patients with Tako-tsubo cardiomyopathy usually pres-

ent with a modest increase in troponins and a major increase

in B-type natriuretic peptide (BNP) or N-terminal pro

B-type natriuretic peptide (NTproBNP) [19]. The specific-

ity of troponins and NTproBNP for detection of myocardial

injury/heart failure in general ICU patients is low, as tro-

ponins and NTproBNP are increased also in other

conditions such as sepsis, ARDS and renal failure [20–24].

However, these conditions are not often seen in SAH

patients on admission, why NTproBNP and troponins pos-

sibly could be used as specific cardiac biomarkers for

detection of SIC in SAH patients. Previous studies have

shown that BNP is increased in patients with myocardial

dysfunction after SAH [25], but has not been used for

detection of SIC in SAH patients. Studies on troponin I for

detection of SIC in SAH patients have shown inconsistent

results [17, 26–28]. A new method of measuring troponin

was introduced recently, high-sensitive troponin T (hsTnT),

which has a higher sensitivity and specificity for detection

of myocardial injury than previous methods of measuring

troponin [29]. The primary aim of this study was therefore

to evaluate whether hsTnT or NTproBNP could be useful as

biomarkers for early detection of SIC in SAH patients.

Materials and Methods

Patient Inclusion

The study was approved by the Regional Ethics Committee.

In this retrospective observational study, we reviewed

medical records of all patients admitted to our neuro-

intensive care unit (NICU), from January 2010 to August

2014, with suspected or verified spontaneous, non-traumatic

SAH. Inclusion criteria were performed echocardiography

within 72 h after onset of symptoms and measurements of

hsTnT and/or NTproBNP within 48 h after onset of

symptoms. Since 2010, hsTnT was introduced as routine in

our hospital laboratory, and since 2012, we introduced

routine serial measurements of hsTnT and NTproBNP in all

patients with subarachnoid hemorrhage on admission and

the following 3 days. NTproBNP is the natriuretic peptide

used routinely at our hospital for detection of LV failure.

Patients were treated according to the recommendations

from the Neurocritical Care Society’s Multidisciplinary

Consensus Conference [30].

Data Collection

The following data were retrieved from medical records:

findings on echocardiography (see below), levels of hsTnT

and NTproBNP, neurological status on admission according

to the World Federation of Neurological Surgeons (WFNS)

grade for SAH [31] and aneurysm position. Furthermore,

data on arterial blood pressure, heart rate, dose of vaso-

pressors (norepinephrine) and use of inotropes on admission

to NICU and at the time of echocardiography were obtained.

Findings on electrocardiogram on admission and findings

on chest X-ray at the time of echocardiography were also

obtained. We identified patients fulfilling criteria for severe

SIRS/sepsis, ARDS/neurogenic pulmonary edema (NPE)

and acute kidney injury (AKI) or anemia during first three

days after admission. Fluid intake during this period was

also recorded. Clinical variables evaluated for their ability

to detect SIC were as follows: hsTnT and NTproBNP on

days 1, 2 and 3 after onset of symptoms, WFNS grade, ECG

changes, systolic blood pressure, heart rate on admission

and pulmonary edema/signs of heart failure on chest X-ray

at time of echocardiography. WFNS grade 1–3 was defined

as low-grade SAH, and WFNS grade 4–5 was defined as

high-grade SAH. Severe SIRS/sepsis, ARDS/NPE and AKI

were defined according to standard definitions [32–34];

anemia was defined as hemoglobin levels <10.0 g/dl. SIC

was defined as: (1) transient hypokinesia, akinesia or dys-

kinesia of the LV segments (2) the absence of other credible

pathological conditions (e.g., ischemia, myocarditis)

explaining the LV regional dysfunction (3) modest eleva-

tion of troponin, i.e., disparity between the troponin levels

and the amount of ventricular dysfunction, according to the

Gothenburg criteria of SIC [35, 36].

Biomarker Analysis and Echocardiographic Evaluation

hsTnT was analyzed with the Roche high-sensitive tropo-

nin T assay with a coefficient of variation of 3.4 % [37].

NTproBNP was analyzed with the Elecsys� assay (Roche)

on Cobas platform with a coefficient of variation of 3.8 %.

Left ventricular ejection fraction (LVEF) was calculated

with Simpson’s biplane method. Sixteen LV segments

were evaluated individually and scored on the basis of its

motion and thickening as followed: score 1 (normokinesia),

score 2 (hypokinesia), score 3 (akinesia) and score 4

(dyskinesia). LV wall motion score index (WMSI) was

derived as the sum of all scores divided by the number of

segments [38]. The echocardiographist was blinded to

biomarker levels of the individual patient.

Statistics

All continuous variables were checked for normal distribution

with inspection of histogram distribution and Shapiro–Wilks

test. Normally distributed continuous variables are presented as

mean ± standard deviation, and non-normally distributed

continuous variables are presented asmedianwith interquartile
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range.T testwas used to comparemeans between twogroups in

continuous normally distributed variables. Mann–Whitney U

test was used to compare medians between two groups in

continuous non-normally distributed variables. Fisher’s exact

test was used for comparing incidences between two groups

with binary variables. ROC curves were used to determine

sensitivity, specificity and cutoff levels for variables to detect

SIC. To compare levels of hsTnT and NTproBNP over time in

patients with and without SIC, a linear mixed model was used.

hsTnT and NTproBNP were logarithmized and set as depen-

dent variables, and an autoregressive covariation matrix was

used. For determining variables independently associated with

levels of hsTnT and NTproBNP, a linear regressionmodel was

used. Peak levels of hsTnT andNTproBNPwere logarithmized

and set as dependent variables. In a univariate regression,

variables with a p value < 0.10 were included in a multivar-

iate analysis and variables<0.05 in the multivariable analysis

were considered significant. All models were verified with

scatterplot of residuals/predicted values and normally distri-

bution of residuals. The results presented from the models are

anti-logged. p values < 0.05 were considered significant.

Software used was IBM SPSS Statistics version 22.0.

Day 1 was defined as the first 24 h after onset of

symptoms.

Results

Patient Inclusion

A total of 502 patients with suspected or verified SAH were

admitted during the study period; 356 of these had a ver-

ified SAH. A total of 178 patients were examined with

echocardiography, and 135 of these were examined within

72 h after onset of symptoms. Biomarkers were obtained

within 48 h after onset of symptoms in 112 of these

patients (Fig. 1). The most common indication for echo-

cardiography (more than one possible) was high dose of

vasopressor/inotropes (n = 71) followed by arrhythmias

(n = 22), electrocardiographic changes indicating ische-

mia (n = 22), pulmonary edema (n = 20), substantial

increase in cardiac enzymes (n = 17), difficult weaning

(n = 14) and increased lactate with low central venous

saturation (n = 5). Other indications for echocardiography

were evaluation of heart valves because of the presence of

cardiac murmurs (n = 12) and assessment of cardiac

function in patients with known heart disease (n = 6).

A total of 91 patients (81 %) were admitted on day 1

after onset of symptoms, and the remaining 21 patients

(19 %) were admitted on day 2 after onset of symptoms.

Sixty-six patients (58 %), 24 patients (22 %) and 22

patients (20 %) had echocardiography performed on days

1, 2 and 3 after onset of symptoms, respectively. A

reduction in the degree of hypokinesia in patients with SIC

was verified between 2 and 21 days after first echocardi-

ography. Serum hsTnT was obtained in all 112 patients,

and serial measurements (C2 samples during first 3 days

after onset of symptoms) were performed in 108 patients.

Serum NTproBNP was obtained in 93 patients, and serial

measurements were performed in 81 patients.

Patient Characteristics

Study cohort characteristics of the 112 included patients

are presented in Table 1. Twenty-five patients fulfilled

echocardiographic criteria for SIC. The incidence of SIC

was significantly higher in women (88 % of SIC patients)

and in patients with high-grade SAH (72 % of SIC

patients). The incidence of SIC was significantly lower in

patients with a history of hypertension (12 % of SIC

patients). There were no differences between the patients

with and without SIC with respect to age, the need for

ventricular drainage, aneurysm position and treatment.

Coronary angiography was performed in one patient with

SIC and was without coronary stenosis.

Hemodynamic and Pulmonary Variables and Other

Complications in non-SIC and SIC Patients

Data on hemodynamic and pulmonary variables are pre-

sented in Table 2. On admission, systolic blood pressure

(SBP) and diastolic blood pressure were lower, heart rate

502 patients with suspected SAH

356 patients with verified SAH

178 patients examined with
echocardiography

135 patients examined with echo-
cardiography within 72 hours after 

onset of symptoms

112 patients with 
biomarkers obtained within

48 hours after onset
of symptoms

25 patients
with SIC

87 patients
without SIC

Fig. 1 Patient inclusion chart. SAH subarachnoid hemorrhage, SIC

stress-induced cardiomyopathy
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tended to be higher (p = 0.076), and the incidences of ST

elevations and/or negative T-waves were higher in the SIC

patients. At the time of echocardiography, SBP was lower,

while the doses of norepinephrine and number of patients

treated with inotropes were higher in SIC patients. The

incidence of pulmonary edema tended (p = 0.084) to be

higher in the SIC patients. LVEF was significantly lower in

patients with SIC. Median number of hypokinetic segments

was significantly higher in patients with SIC. Three non-SIC

patients with prior myocardial infarction had irreversible

hypokinetic areas in the LV, which was attributed to prior

myocardial infarction. ARDS/NPE was the only complica-

tion more frequent in patients with SIC (Table 2).

hsTnT and NTproBNP in Non-SIC and SIC Patients

Peak levels of hsTnT and NTproBNP were significantly

higher in patients with SIC (Fig. 2). Both hsTnT and

NTproBNP were significantly higher in patients with SIC at

all days (Fig. 3). hsTnT had its peak level on day 1 after

onset of symptoms followed by a daily decline, both in

patients with and without SIC (Fig. 3). Levels of NTproBNP

Table 1 Patient characteristics

Variable SIC

All No Yes

Total (N) 112 87 25

Age 60 ± 11 60 ± 11 61 ± 9

Sex

Female (N, %) 67 (60) 45 (52) 22 (88)*

Male (N, %) 45 (40) 42 (48) 3 (12)

WFNS

Low grade (N, %) 64 (57) 57 (66) 7 (28)

Grade 1 (N, %) 28 (25) 19 (22) 3 (12)

Grade 2 (N, %) 28 (25) 22 (25) 3 (12)

Grade 3 (N, %) 8 (7) 6 (7) 1 (4)

High grade (N, %) 48 (43) 30 (34) 18 (72)*

Grade 4 (N, %) 23 (21) 15 (17) 8 (32)

Grade 5 (N, %) 25 (22) 15 (17) 10 (40)

Acute ventricular drainage (N, %) 79 (71) 59 (68) 20 (80)

Aneurysm position

Anterior circulation (N, %) 76 (68) 59 (68) 17 (68)

Anterior communicating artery (N, %) 29 (26) 26 (30) 3 (12)

Posterior communicating artery (N, %) 11 (10) 5 (6) 6 (24)

Middle cerebral artery (N, %) 21 (19) 16 (18) 5 (20)

Carotid artery (N, %) 8 (7) 7 (8) 1 (4)

Other (N, %) 7 (6) 5 (6) 2 (8)

Posterior circulation (N, %) 21 (19) 14 (16) 7 (28)

Basilar artery (N, %) 8 (7) 5 (6) 3 (12)

Other (N, %) 13 (12) 9 (10) 4 (16)

Not found (N, %) 14 (12) 13 (14) 1 (4)

Aneurysm treatment

Embolization (N, %) 64 (57) 45 (52) 19 (76)

Surgery (N, %) 24 (22) 20 (23) 4 (17)

Embolization and surgery (N, %) 7 (6) 6 (7) 1 (4)

None (conservative) (N, %) 3 (3) 3 (3) 0 (0)

History of

Hypertension (N, %) 40 (36) 37 (43) 3 (12)*

Ischemic heart disease (N, %) 5 (4) 5 (6) 0 (0)

Congestive heart failure (N, %) 4 (4) 4 (5) 0 (0)

SIC stress-induced cardiomyopathy, WFNS World Federation of Neurological Surgeons grade for SAH

* p < 0.05
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were significantly higher on days 2, 3 and 4 after onset of

symptoms, both in patients with and without SIC (Fig. 3).

hsTnT, NTproBNP and Clinical Variables for Detection

of SIC

A hsTnT > 89 ng/l on day 1 after onset of symptoms, a

NTproBNP > 2,615 ng/l on day 2 after onset of symptoms

and a NTproBNP > 1,830 ng/l on day 3 after onset of

symptoms had best values for detection of SIC, respectively

(Fig. 4a–c), with a sensitivity of 100 % and a specificity of

83–91 %. A SBP B 120 mmHg on admission had the best

detective value of the hemodynamic variables with a

sensitivity of 84 % and a specificity of 85 % (Fig. 4d).

Mean arterial pressure (AUC 0.86) and diastolic pressure

(AUC 0.74) were inferior to SBP in the detection of SIC.

Heart rate could not significantly detect SIC. A summary of

the diagnostic value for variables to detect SIC is presented

in Table 3. hsTnT and NTproBNP had best detective value

of the variables tested. High-grade SAH, ECG changes and

pulmonary edema on chest X-ray were all inferior to hsTnT,

NTproBNP and SBP on admission in detecting SIC. If both

hsTnT and NTproBNP are measured simultaneously at any

time within 48 h after onset of symptoms, the above-men-

tioned cutoff levels had a sensitivity of 100 % and a

specificity of 79 % with a negative predictive value (NPV)

of 100 % and a positive predictive value (PPV) of 58 %.

Table 2 Hemodynamic and pulmonary variables and other complications

Variable SIC

No Yes Sig

On admission

Systolic blood pressure (mmHg) 153 ± 23 113 ± 14 <0.001

Diastolic blood pressure (mmHg) 81 ± 17 67 ± 7 <0.001

Heart rate (bpm) 70 ± 14 77 ± 16 0.076

ECG

ST elevation and/or negative T-waves (N, %) 12 (14) 9 (26) 0.019

u-wave (N, %) 13 (15) 4 (16) 1.0

Other (N, %) 28 (32) 7 (28) 0.809

Normal (N, %) 34 (39) 5 (20) 0.149

At the time of echocardiography

Systolic blood pressure (mmHg) 143 ± 15 120 ± 17 <0.001

Diastolic blood pressure (mmHg) 64 ± 10 61 ± 9 0.245

Heart rate (bpm) 66 ± 14 71 ± 15 0.148

Dose of norepinephrine (lg/kg/min) 0.02 (0–0.08) 0.09 (0.02–0.11) 0.015

Patients with inotropes (N, %) 13 (15) 12 (48) 0.002

Pulmonary edema (N, %) 22 (25) 11 (48) 0.084

Pulmonary infiltrates (N, %) 21 (24) 3 (13) 0.271

Need of ventilator first 3 days 41 (47) 22 (88) 0.002

Echocardiographic data

Ejection fraction (%) 64 ± 5 49 ± 7 <0.001

WMSI 1.0 1.31 (1.19–1.50) <0.001

Number of hypokinetic segments (N) 0 5 (3–6) <0.001

Other complications

Severe SIRS/sepsis (N, %) 14 (18) 8 (32) 0.094

ARDS/NPE (N, %) 6 (8) 7 (28) 0.008

Atrial fibrillation (N, %) 8 (10) 6 (24) 0.080

Anemia (N, %) 14 (18) 6 (24) 0.328

Acute kidney injury (N, %) 7 (9) 0 (0) 0.346

Severe SIRS/sepsis, ARDS/NPE and acute kidney injury were defined according to standard definitions. Anemia was defined as hemoglobin

levels <10.0 g/dl. Normally distributed variables are presented as mean ± SD; non-normally distributed variables are presented as median

(interquartile range)

SIC stress-induced cardiomyopathy, ECG electrocardiogram, WMSI wall motion score index, SIRS systemic inflammatory response syndrome,

ARDS acute respiratory distress syndrome, NPE neurogenic pulmonary edema
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Variables Associated with Peak Levels of hsTnT

and NTproBNP (Tables 4, 5)

In a univariate analysis, SIC, age, sepsis and atrial fibrillation

were significantly associatedwith peak levels ofNTproBNP.

In the multivariate analysis, SIC was the only variable sig-

nificantly associated with peak levels of NTproBNP. SIC,

high-grade SAH, SBP, heart rate and dose of norepinephrine

on admission were significantly associated with peak levels

of hsTnT in the univariate analysis, but only SIC and high-

grade SAH were independently associated with peak levels

of hsTnT in the multivariate analysis.

Discussion

The major findings in this retrospective study were that

peak serum levels of hsTnT and NTproBNP were higher in

patients developing SIC after SAH and if obtained within

48 h after onset of symptoms, had a high sensitivity and

specificity of detecting SIC.

We used the latest generation of assay for troponin

measurement, hsTnT, which permits detection of very low

levels of troponin T and permits a faster detection of

myocardial injury, than previously used assays [29]. We

found that hsTnT obtained early after admission has a very

high sensitivity of detecting SIC. On the other hand, we

also demonstrated that NTproBNP is a better marker than

hsTnT for detection of SIC at day 2, or later, after onset of

symptoms. If taken simultaneously at any time within 48 h

after onset of symptoms, a value below the suggested

cutoff values (hsTnT > 89 ng/l, NTproBNP > 2,615 ng/

l) excludes SIC, while a value above the cutoff values have

a 58 % chance of detecting SIC. Although the positive

predictive value was slightly lower than for each test alone

(see Table 3), this approach is more practical due to less

need for timing of biomarker blood sampling in relation to

onset of symptoms. The excellent negative predictive value

of hsTnT and NTproBNP makes these biomarkers suitable

for screening of SIC in SAH patients. Even if the positive

predictive value was moderate (58 %), more than half of

the patients with biomarkers over our proposed cutoff

levels would be diagnosed as having SIC, which should be

considered acceptable for a screening test.

Previous studies have shown that plasma levels of

hsTnT and NTproBNP can be increased in a variety of

conditions not related to heart failure [20–24]. We used a

multivariable regression model to discriminate whether the

high levels of hsTnT and NTproBNP seen in SIC patients

were independently associated with SIC, or to complica-

tions associated with SIC. In this model, SIC was the only

independent variable associated with peak levels of

NTproBNP, while both SIC and high-grade SAH were

independently associated with peak levels of hsTnT. A

majority of the patients developing SIC were women. A

female overrepresentation of cardiac dysfunction in SAH

patients has been demonstrated in several previous studies

[2, 4, 5] and is well described in patients with Tako-tsubo

cardiomyopathy [35]. An incidental finding was that the

incidence of SIC was lower in patients with a history of

hypertension. If this was not a coincidence, one could

speculate that this could be due to treatment with beta-

blockers and antihypertensive agents which is found to

reduce incidence of SIC in previous studies [17, 39].

Unfortunately, we were not able to obtain reliable data on

pre-admission medication in all patients to verify this

finding in our data.

hsTnT had its peak on hospital admission followed by a

daily decline, suggesting that myocardial injury occurs

early in the course of the disease, in contrast with patients

with myocardial ischemia, which has peak levels of hsTnT

at days 2–3 after a coronary event [29, 40]. This is in line

with the observation that patients with SIC had a lower

systolic blood pressure upon admission, suggesting that
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NTproBNP day 1 0.81 0.002 0.63 - 0.99 1600 ng/l 
TnT day 2 0.91 <0.001 0.86 - 0.97 37 ng/l 
NTproBNP day 2 0.95  <0.001 0.91 - 0.99 2615 ng/l 
TnT day 3 0.89 <0.001 0.78 - 0.94 44 ng/l 
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Fig. 4 ROC curves for hsTnT
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Systolic blood pressure on

admission had a significant

detective value with a high

sensitivity and specificity. SBP
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Table 3 Diagnostic values for variables to detect stress-induced cardiomyopathy

Variable Sensitivity Specificity NPV PPV

hsTnT > 89 ng/l on day 1 after onset of symptoms 1.00 0.83 1.00 0.67

NTproBNP > 2,615 ng/l on day 2 after onset of symptoms 1.00 0.89 1.00 0.68

hsTnT > 89 ng/l or NTproBNP > 2,615 ng/l taken simultaneously within 48 h after onset of symptoms 1.00 0.79 1.00 0.58

Systolic blood pressure B 120 mmHg on admission 0.84 0.85 0.95 0.62

High-grade SAH 0.72 0.65 0.89 0.38

Negative T-waves or ST–T elevation on electrocardiogram at admission 0.36 0.86 0.82 0.43

Pulmonary edema on chest X-ray 0.44 0.75 0.82 0.33

NPV negative predictive value, PPV positive predictive value, SAH subarachnoid hemorrhage
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these patients had developed cardiac injury and SIC

already on arrival to the NICU.

Two small-sample studies by Parekh et al. [26] and

Deibert et al. [27] successfully identified SIC in patients

with SAH using troponin I, with a 100 % sensitivity and a

specificity of 80–90 %. In those two studies, troponin was

measured within 24 h after hemorrhage. A larger study by

Kothavale et al. [28] found an association between

increased levels of troponin I and SIC. However, the sen-

sitivity was only 53 %, and the authors found troponin I to

be an inadequate screening test. This could be explained by

late inclusion (mean time 3.7 days). This may reflect the

importance of measuring cardiac troponins early upon

admission for detection of SIC and that troponin alone is

probably not sufficient for early screening of SIC after

SAH. Furthermore, none of the above-cited studies used

ROC curves to define cutoff levels of troponin I for

detection of SIC, none measured BNP or NTproBNP for

detection of SIC, and in none of the studies was hsTnT

measured for detection of myocardial injury.

The main limitation of this study is its retrospective

design. As only patients in whom echocardiography was

performed and cardiac biomarkers weremeasured early after

hospital arrival were included, our study population was

biased toward patients with a more severe heart condition.

However, the major indications for echocardiography were

the use of inotropes/vasopressors and the presence of

arrhythmias causing hemodynamic instability and not bio-

marker levels. Levels of hsTnT and NTproBNP also had a

wide range and were not biased toward exclusively high or

low values. Obviously, we could have missed hemody-

namically stable patients with SIC, and we cannot exclude

Table 4 Variables associated with peak levels of hsTnT

Variable Univariate regression Multivariate regression

95 % CI 95 % CI

b Lower bound Upper bound Sig b Lower bound Upper bound Sig

SIC 320 130 770 <0.001 139 7 1,480 <0.001

High-grade SAH 89 27 260 <0.001 36 1.50 609 <0.001

Heart rate on admission 6 2 10 <0.001 2.5 -0.16 56 0.20

SBP on admission -5 -7 -3 <0.001 -1.50 -0.46 8 0.23

Dose of NE on admission 3 1 5 <0.001 0.04 -0.02 2 0.70

History of CHF -26 -32 40 0.23

History of hypertension -19 -25 27 0.23

Sex 15 -7 120 0.34

CI confidence interval, SIC stress-induced cardiomyopathy, SAH subarachnoid hemorrhage, SBP systolic blood pressure, NE norepinephrine,

CHF congestive heart failure

Table 5 Variables associated with peak levels of NTproBNP

Variable Univariate regression Multivariate regression

95 % CI 95 % CI

b Lower bound Upper bound Sig b Lower bound Upper bound Sig

SIC 5,770 2,340 13,350 <0.001 4,850 1,790 12,050 <0.001

Atrial fibrillation 1,740 60 6,980 0.04 320 -260 2,020 0.42

Severe SIRS/sepsis 1,010 -40 3,950 0.07 200 -230 1,320 0.49

Age 9 -1 80 0.08 6 -1 44 0.08

Fluid intake (liter/day) 141 -25 3,130 0.37

ARDS/NPE 560 -460 4,320 0.45

Anemia 320 -560 1,860 0.55

AKI -120 -780 3,140 0.87

History of CHF -10 -710 3,150 0.99

Severe SIRS, ARDS/NPE and AKI were defined according to standard definitions. Anemia was defined as having hemoglobin levels<10.0 g/dl.

All complications were observed in the patients during first three days after admission

CI confidence interval, SIC stress-induced cardiomyopathy, ARDS acute respiratory distress syndrome, NPE neurogenic pulmonary edema, AKI

acute kidney injury, CHF congestive heart failure
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that such patients would have had lower levels of hsTnT and

NTproBNP than we suggest for detection of SIC. However,

also hemodynamically stable patients were examined with

echocardiography, and we believe that the incidence of such

patients is low. Another limitation was that coronary angi-

ography was not performed for exclusion of myocardial

ischemia because of coronary artery disease. Thus, we

cannot exclude the possibility that some of our patients had

LV wall motion abnormalities caused by myocardial ische-

mia. However, previous studies have shown that coronary

angiography is without coronary stenosis or vasospasm in

patients with regional hypokinesia after SAH [3]. Coronary

angiography is not without risks and nor recommended in the

Neurocritical Care Consensus Conference [30]. All patients

fulfilling the diagnosis of SIC had reversal of LV hypoki-

nesia, which is a less likely finding in patients with LV wall

motion abnormalities due coronary artery disease. The

strengths of this study are that blood samples were taken

close to onset of symptoms and that serial blood samples

were taken in most patients. This enabled us to demonstrate

the difference in time to peak hsTnT and peak NTproBNP

and identify time as an important factor for detection of SIC.

In summary, we found that NTproBNP and hsTnT have

an excellent negative predictive value and a moderate

positive predictive value for detection of SIC, which make

hsTnT and NTproBNP suitable for screening of SIC after

SAH. We therefore recommend that these biomarkers

should be measured early after arrival in the NICU for

early detection of SIC. Early detection and treatment of

SIC could potentially improve prognosis in SAH patients.
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