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Abstract
Background Intracranial hemorrhages is one of the major causes of mortality and morbidity worldwide, and there is still no 
effective biomarker to predict prognosis.
Aim We aimed to determine the effectiveness of high sensitive troponin I (hs-cTn-I) levels to predict the prognosis of spon-
taneous intracerebral hemorrhage (sICH) by comparing Glasgow Coma Score (GCS) and hematoma volume with hs-cTn-I 
levels.
Methods This study was planned as a retrospective observational study. Patients with available data, over 18 years old and 
sICH were included in the study. Cerebral computed tomography images were evaluated by a senior radiologist. Hematoma 
volume was calculated using the ABC/2 formula.
Results The study comprised 206 individuals in total 78 (37.86%) women and 128 (62.13%) men. Forty-four (21.35%) of 
patients died. The sensitivity of GCS, hs-cTn-I, and hematoma volume values were 86.36%, 66.67%, and 59.46%, respec-
tively, with corresponding specificities of 78.75%, 93.02%, and 87.58%. Patients with hs-cTn-I values over 26, GCS values 
of ≤ 9, and hematoma volume values above 44.16 were found to have higher risk of mortality (p = 0.011; p < 0.001; p < 0.001, 
respectively). The mortality rates were found to be increased 2.586 (IQR: 1.224–5.463) times in patients with hs-cTn-I values 
above 26, 0.045 times (IQR: 0.018–0.115) in patients with GCS values ≤ 9, and 7.526 times (IQR: 3.518–16.100) in patients 
with hematoma volume values above 44.16.
Conclusions Our findings suggest that hs-cTn-I values exceeding 26 units may serve as effective biochemical markers for 
predicting the prognosis of patients with sICH.
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Introduction

Acute cerebrovascular accident is the second leading cause 
of death worldwide, with intracranial hemorrhages (ICH) 
comprising 10% to 15% of all stroke cases [1–3]. Mortality 
rates reaching as high as 30–40% from ICH and the severe 
morbidity observed in recovered individuals make this con-
dition a significant public health concern. Therefore, prompt 
diagnosis, timely initiation of necessary treatments, and cor-
rect assessment of these patients prognosis are crucial.

Tests for high sensitive troponins (hs-cTn) have become 
increasingly common over the past ten years. These kits are 
primarily used to diagnose acute myocardial infarction (AMI), 
as they can measure troponin concentrations that are 10 to 
100 times lower than regular conventional, prior methods [4]. 
However, it's important to note that elevated hs-cTn levels 
may also occur in heart muscle disorders like atrial fibrillation 
with rapid ventricular response, congestive heart failure, and 
cardiomyopathy, as well as in non-cardiac conditions such 
as pulmonary embolism, severe sepsis, chronic renal failure, 
and acute ischemic stroke [5–7]. Many theories have been 
proposed regarding this rise in troponin levels in stroke vic-
tims, although the exact cause still remains unclear. A well 
recognized theory suggests that acute cerebral lesions increase 
intracranial pressure, which in turn stimulates the sympa-
thoadrenal system. It is hypothesized that the subsequent 
myocyte degeneration (myocytolysis) triggers a release of 
catecholamines, thereby elevating serum troponin levels [8, 9].

Prognosis of hemorrhagic stroke patients remains a chal-
lenge to estimate using biochemical screening, and a viable 
biomarker has yet to be discovered. In this study, we compared 
high sensitive troponin-I (hs-cTn-I) levels with two estab-
lished prognostic indicators Glasgow Coma Score (GCS) and 
hematoma volume in spontaneous intracerebral hemorrhage 
(sICH) patients, to better understand the role that hs-cTn-I 
plays in the prediction of the prognosis of this condition.

Materials and methods

Study design

After the ethics committee approval (Health Science Uni-
versity, Adana City Research and Training Hospital, Ethics 
Committee, Meeting Number:80, Decision Number:1398, 
Date: 06/May/2021). We included patients diagnosed with 
sICH in the emergency department between 1 Jan 2020 
and 31 Dec 2021 in this retrospective observational study. 
Patient data was obtained from hospital automation system.

Cerebral computed tomography images were evaluated by a 
senior radiologist. Hematoma volume was calculated using the 

ABC/2 formula. In this formula, A is the greatest hemorrhage 
diameter by CT, B is the diameter 90 degrees to A, and C is 
the approximate number of CT slices with hemorrhage mul-
tiplied by the slice thickness. Systolic blood pressure (SBP), 
diastolic blood pressure (DBP), demographic data, Glasgow 
Coma Scale, prothrombin time (PT) international normalized 
ratio (INR), activated partial thromboplastin time (APTT), hs-
cTn-I levels were noted.

Over 18 years old and patients with avaible data were 
included in the study. Patients with ishcemic stroke, traumatic 
intracranial hemorrhages, mass, and lesions apart from ICH 
were excluded. We also excluded patients under 18 years old, 
patients with missed data, patients diagnosed with acute coro-
nary syndrome, patients who arrested in or outside the hospi-
tal without diagnosis, patients with oncologic and rheumato-
logic diagnosis and patients who underwent chemotherapy/
radiotherapy.

Laboratory analyses

PTZ, INR, APTT, and hs-cTn-I levels were noted. Blood coag-
ulation parameters were measured Sysmex Corporation (1–5-1 
Wakinohama -Kaigandori, Chuo-ku, Kobe 651–0073, Japan) 
device. Hs-cTn-I levels were measured Beckman Coulter Dxl 
800 (Beckman Coulter, Inc. 250 S KraemerBlvd. Brea, CA 
92821, USA) device.

Statistical analysis

The statistical analysis of the collected data was conducted 
using the SPSS (Statistical Package for the Social Sciences) 
25.0 package software. Categorical measurements were sum-
marized using numbers and percentages, while continuous data 
were summarized using mean and standard deviation, with 
minimum–maximum and median values provided when nec-
essary categorical terms were compared using the chi-square 
test. Shapiro–Wilk test was employed to determine whether the 
study's parameters had a normal distribution. Mann Whitney-U 
test was used for parameters that did not follow a normal dis-
tribution. Sensitivity and specificity values of hs-cTn-I, GCS 
and hematoma volume were calculated based on the patients' 
mortality factor, and the cut-off value was determined through 
analysis of the area under the ROC curve. The statistical sig-
nificance level was set as 0.05 for all tests.

Results

The study comprised 206 individuals in total 78 (37.86%) 
women and 128 (62.13%) men. Forty-four (21.35%) of 
patients died. Table 1 presents the patient characteristics 
categorized according to mortality status.
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Table 2 shows the results of the diagnostic tests con-
ducted for hematoma volume, hs-cTn-I, and GCS levels 
that were evaluated in relation to the study's mortality 
variable. With a sensitivity of 86.36%, the GCS score was 
shown to have the best diagnostic test performance. This 
was followed by a hs-cTn-I with the value of 0.852. In 
addition, the sensitivity of the hematoma volume value 
was 59.46%; the sensitivity of the hs-cTn-I value was 
66.67%; and the sensitivity of the GCS value was found 
to be 86.36% (Fig. 1).

Table 3 shows the relevant parameters according to the 
cut-off values found in Table 2 for hs-cTn-I, GCS, and hema-
toma volume. Of all the patients, 42 (20.4%) had hs-cTn-I 
values greater than 26, 74 (35.9%) had a GCS values of 9 or 
lower, and 41 (19.9%) had hematoma volume values greater 
than 44.16.

Patients with hs-cTn-I values over 26, GCS values of 
9 and lower, and Hematoma volume values above 44.16 
were found to have higher risk of mortality (p = 0.011; 
p < 0.001; p < 0.001, respectively). Patients with hs-cTn-I 
levels above 26 had 2.586 times increased risk of mortal-
ity (IQR: 1.224–5.463), those with GCS scores of 9 or 
lower had 0.045 times increased risk of mortality (IQR: 
0.018–0.115), and individuals with hematoma volumes 
above 44.16 had a 7.526 times increased risk of mortality 
(IQR: 3.518 -16.100) (Table 4).

There was no significant difference between the 
patients' GCS values (mild, moderate, severe) and hs-
cTn-I levels (p = 0.051), however a significant difference 
was found between hematoma volume values and GCS 
groups (p < 0.001). The mean hematoma volume values 
of patients with mild GCS values were found to be higher 

Table 1  Distribution of patient 
characteristics according to 
mortality status

*p < 0.05, †: Chi-square, ‡: Mann Whitney U

No Mortality Mortality p†
n (%) n (%)

Gender
  Female 58 (35.8) 20 (45.5) 0.242
  Male 104 (64.2) 24 (54.5)

Hematoma location
  Supratentorial labor 33 (20.4) 16 (36.4) 0.027*
  Supratentorial deep 80 (49.4) 11 (25)
  Supratentorial mixte 33 (20.4) 12 (27.3)
  İnfratentorial 16 (9.9) 5 (11.4)

Mean ± Sd Mean ± Sd p‡
Systolic blood pressure 165.0 ± 44.8 154.3 ± 52.9 0.263
Diastolic blood pressure 95.1 ± 22.7 89.5 ± 28.7 0.184
Prothrombin time 14.5 ± 12.5 16.5 ± 8.4 0.001**
International normalized ratio 2.34 ± 10 1.39 ± 0.8  < 0.001**
Activated partial thromboplastin time 23.9 ± 5.3 26.7 ± 10.2 0.303
High sensitive troponin-I 11.6 ± 8.4 138.8 ± 341.0  < 0.001**
Glasgow Coma Score 12.4 ± 3.7 6.06 ± 3.6  < 0.001**
Hematoma volume 19.6 ± 25.8 56.1 ± 44.6  < 0.001**
Age 64.7 ± 15.9 65.4 ± 17.2 0.838
Length of stay 23.7 ± 46.4 9.07 ± 10.8  < 0.001**

Table 2  Diagnostic test 
performance for hs-cTn-I, 
hematoma volume, and GCS 
based on mortality status

*p < 0.05, **p < 0.001, Roc curve test

Hs-cTn-I Hematoma Volume GCS

AUC 95%-Cl (%) 0.852 (0.787–0.904) 0.756 (0.681–0.821) 0.866 (0.812–0.910)
Cut-off  > 26  > 44,16 ≤ 9
Sensitivity (%) 95%-Cl (%) 66.67 (49.8–80.9) 59.46 (42.1–75.2) 86.36 (72.6–94.8)
Specificity 95%-Cl (%) 93.02 (87.2–96.8) 87.58 (80.5–91.8) 78.75 (71.6–84.8)
PPV 95%-Cl (%) 74.3 (59.7–84.9) 53.7 (41.3–65.6) 52.8 (44.8–60.6)
NPV 95%-Cl (%) 90.2 (85.5–93.5) 89.9 (85.8–93) 95.5 (90.9–97.8)
p  < 0.001**  < 0.001**  < 0.001**
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than those of patients with moderate and severe GCS lev-
els (p = 0.023; p < 0.001, respectively), as determined by 
the Post Hoc Bonferroni test used to explore the differ-
ences between the groups (Table 5).

Discussion

While the prognosis for sICH can be predicted by a num-
ber of etiological factors and imaging findings, includ-
ing the patient's age, gender, history of hypertension, use 
of anticoagulants, GCS, hematoma volume, and early 
hematoma growth, a biochemical marker that can fully 
estimate the prognosis has not yet been discovered. The 
purpose of this study was to evaluate the prognostic role 
of hs-cTn-I in sICH by comparing hs-cTn-I levels with 

other prognostic variables that have been proved effec-
tive in numerous studies, such as GCS and hematoma 
volume, alongside a number of etiological factors that 
are useful for prognosis estimation. In our study, the sen-
sitivity of GCS, hs-cTn-I, and hematoma volume values 
were 86.36%, 66.67%, and 59.46%, respectively, with cor-
responding specificities of 78.75%, 93.02%, and 87.58%. 
We also observed that the rate of hematoma volume val-
ues exceeding 44.16 and the hs-cTn-I values exceeding 26 
were significantly high in patients with mortality, as were 
the GCS values of 9 and below. The mortality rates were 
found to be increased 2.586 (IQR: 1.224–5.463) times in 
patients with hs-cTn-I values above 26, 0.045 times (IQR: 
0.018–0.115) in patients with GCS values 9 or less, and 
7.526 times (IQR: 3.518–16,100) in patients with hema-
toma volume values above 44.16. Based on these find-
ings, we believe that hs-cTn-I values can be considered 
as a valuable biochemical diagnostic marker to determine 
the prognosis of sICH.

Age is a significant clinical predictor of early mortality 
in ICH, as indicated in previous studies [10, 11]. Antico-
agulant use and a history of hypertension also contribute 
to higher rates of morbidity and mortality [12]. Addition-
ally, male gender has been identified as another risk factor 
[13, 14]. In-hospital mortality for individuals between the 
ages of 18 and 65 was found to be relatively low (14.9%) 
in the study carried out by Bernardo et al. [15]. Celik-
bilek et al. observed a higher mortality rate among patients 
older than 65, supported by a 2021 study which proposed 
that the average age in the mortality group was consider-
ably higher [14, 16]. Biffi et al.'s study demonstrated that 

Table 3  Distribution of patients according to cut-off values of hs-
cTn-I, GCS, and hematoma volume

Amount (n) Percentage (%)

Hs-cTn-I
   ≤ 26 164 79.6
   > 26 42 20.4
Glasgow Coma Score
   ≤ 9 74 35.9
   > 9 132 64.1
Hematoma Volume
   ≤ 44,16 165 80.1
   > 44,16 41 19.9

Table 4  The relationship 
between mortality status and the 
cut-off values of hs-cTn-I, GCS, 
and hematoma volume

Disposition p Odds Ratio
(95% CI)

n Discharge Exitus

Hs-cTn-I  ≤ 26 164 135 (%83.3) 29 (% 65.9) 0.011 2.586
(1.224–5.463) > 26 42 27 (%16.7) 15 (%34.1)

Glasgow Coma Score  ≤ 9 74 36 (%22.2) 38 (%86.4)  < 0.001 0.045
(0.018–0.115) > 9 132 126 (%77.8) 6 (%13.6)

Hematoma Volume  ≤ 44.16 165 143 (%88.3) 22 (%50)  < 0.001 7.526
(3.518–16.100) > 44.16 41 19 (%11.7) 22 (%50)

Table 5  Comparison of patients' GCS groups with Hs-cTn-I levels and Hematoma volume

Glasgow Coma Score

Mild (n = 118) (a)
Median/IQR

Moderate (n = 19) (b)
Median/IQR

Severe (n = 69) (c)
Median (IQR)

P Post hoc p

Hs-cTn-I 9 (12.6) 13.5 (19.15) 17 (28) 0.051 -
Hematoma Volume 7.97 (13.02) 22.38 (30.94) 30.7 (68.34)  < 0.001 a-b, p = 0.023

a-c, p < 0.001
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poor outcomes in warfarin-related bleeding were associ-
ated with the dose-dependent response of the INR levels 
[17]. Two separate studies found that individuals using 
warfarin were at a higher risk of developing ICH, while 
Zubkov et al. found no such association [18–20]. Ariesen 
et al. and Celikbilek et al. found male gender to be a risk 
factor, while Sturgeon et al. and Efstathiou et al. observed 
no relation between ICH and patients' gender [13, 14, 21, 
22]. The study by Muresan et al. found no statistically 
significant difference in the age, gender, and history of 
hypertension between patients who died and those who 
survived, contrary to results of the study of Al-Khaled 
et al. where the mortality rates were higher in the patients 
with older age, male gender, history of hypertension, and 
patients using oral anticoagulants [23, 24]. According to 
results of our research, patients who died had significantly 
higher INR values; age, gender, and blood pressure read-
ings were not statistically different in the mortality group, 
and the overall mortality rate was 21.35%.

Hematoma volume emerges as an important factor for 
predicting mortality and morbidity of patients with ICH. 
In Hedge et al.'s study a total of 61 (33.33%) patients had 
hematoma volumes greater than 30, and 57% of these 
patients died; these patients with hematoma volumes 
greater than 30 had considerably higher mortality rates 
compared to patients with hematoma volumes less than 
30 [25]. A number of other studies revealed similar find-
ings [16, 26–28]. Meanwhile, there was no statistically 
meaningful difference in the mortality rates within the 
patient group with hematoma volume more than 30 ml in 
the research of Qin et al. [29]. In our study, we observed 
that patients with a hematoma volume greater than 44.16 
had a significantly higher mortality rate, with an average 
increase of 7.526 times.

Several previous studies have found that low GCS 
results at admission are independent predictors for mortal-
ity [27, 30–32]. Bhatia et al. and Ironside et al. found that 
poor GCS values, high hemorrhage volume, and intraven-
tricular bleeding are all independent predictors of increased 
mortality risk [27, 28]. Patients with a GCS value of less 
than 8 and a bleeding volume greater than 70  cm3 had an 
88% mortality risk, according to the Dolgun et al. [26]. 
Again, Hedge et al. stated 73% of patients with a GCS < 8 
died within three months in their study [25] Similar to pre-
vious research, individuals with a GCS of less than 9 had 
significantly higher mortality rates in our study.

One biomarker that is crucial for the diagnosis of myo-
cardial infarction is troponin. In addition to being used in 
the diagnosis of MI, hs-Troponins have recently gained 

significance in predicting the outcome of various other 
diseases. Regarding the ICH research, Garrett and He 
noted that elevated cardiac troponin levels are predic-
tive of death in ICH patients, however Qin et al.'s more 
recent studies did not find a similar, substantial correlation 
between troponin and hematoma volume, death, or GCS 
[28, 32, 33]. Still, the same study suggested that hematoma 
volumes greater than 30 ml are one of the biggest risk fac-
tors for myocardial enzyme abnormalities following ICH, 
with poor GCS also being one of these risk factors [29, 
33, 34]. Again, Troponin was linked to increased mor-
tality rates and a poor prognosis in both ischemic stroke 
and sICH, according to a study by Alkhachroum et al. 
that evaluated 1655 stroke patients [35]. Our study shows 
meaningful correlations between hematoma volume, GCS 
ratios, mortality rates and hs-cTn-I levels surpassing the 
26-point cutoff.

In conclusion, our findings suggest that troponin val-
ues exceeding 26 units may serve as effective biochemi-
cal markers for predicting the prognosis of patients with 
sICH.
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