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Abstract

Intracerebral hemorrhage (ICH) is a life-threatening condition associated
with high mortality and morbidity. This study aimed to identify the predic-
tors of in-hospital mortality in patients with spontaneous ICH based on initial
evaluation. We conducted a retrospective study of patients admitted with ICH
between January 2019 and January 2024, collecting demographic, clinical, lab-
oratory, and computed tomographic data. A total of 98 patients were included,
with 31 (31.6%) deaths occurring during the hospital stay. Univariate regres-
sion analysis identified several potential independent predictors of in-hospital
mortality, including lower Glasgow Coma Scale score (GCS), higher National
Institutes of Health Stroke Scale (NIHSS) and ICH scores, elevated white blood
cell (WBC) count and blood glucose levels, higher hematoma volume, the pres-
ence of midline shift, subarachnoid and intraventricular expansions, island sign,
satellite sign and irregular shape. However, multivariate regression analysis re-
vealed that only NIHSS score (OR = 1.24, 95% CI = 1.12-1.42, p < 0.001)
and GCS score (OR = 0.15, 95% CI = 0.02-0.67, p = 0.02) were indepen-
dent predictors of in-hospital mortality. In conclusion, our results suggest that
lower GCS and higher NIHSS on admission are significant predictors for in-
hospital mortality in ICH patients, highlighting their importance for clinical
early decision-making.
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Introduction. Intracerebral hemorrhage (ICH), a subtype of stroke, is a
devastating condition, defined by brain injury attributable to acute blood ex-
travasation into the brain parenchyma from a ruptured cerebral blood vessel [1].
Non-traumatic ICH comprises 10-15% of all strokes and is associated with high
morbidity and mortality [2]. An analysis of European countries using data from
the Global Burden of Diseases 2019 identified high mortality rates in those pa-
tients, with Bulgaria experiencing over 7600 deaths. Despite the largest relative
reduction in mortality rates expected in Bulgaria, the forecast indicates that the
country is still going to exhibit one of the highest absolute numbers of deaths [3].
Globally, the 30-day and one-year mortality rates following ICH are approximately
40% and 50%, respectively, with half of the deaths occurring within the first 48
hours [4].

Early identifications of reliable outcome predictors in ICH patients are cru-
cial to guide clinical decision-making and enhance treatment efficacy [2]. Various
studies have identified clinical, laboratory and neuroimaging markers that corre-
late with the outcome after ICH. For clinical evaluation after ischemic stroke, the
most widely spread scale is National Institutes of Health Stroke Scale (NIHSS),
which correlates with the mortality rate and functional outcome in those patients.
Recent studies used the scale in ICH patients and found that it may be considered
as a predictive factor for the outcome [5]. Another well-established tool is Glasgow
Coma Scale (GCS), which predicts both in-hospital and long-term mortality [6].
However, the most widely recognized prognostic tool for ICH is the ICH score —
a simple 6-point clinical grading scale that has been devised to predict 30-day
mortality |7]. In addition to clinical scales, certain biochemical and hematological
parameters — such as elevated white blood cells count (WBC), glucose level, red
cell distribution width (RDW) and platelets count (PC) — play a significant role
for the prognosis after ICH [8-11|. Non-contrast computer tomography (NCCT)
remains the first-line neuroimaging modality for ICH, due to its accuracy and
accessibility. Key NCCT features, including hematoma volume, location, midline
shift, intraventricular and subarachnoid expansion have been associated with poor
outcome [6,12-14|. More recently, specific NCCT signs such as the island sign,
satellite sign, blend sign, black hole, swirl sign have been identified as markers
of poor prognosis in ICH [6, 13,15, 16]. Despite the identification of numerals
prognostic factors, an optimal grading scale for predicting in-hospital mortality
following ICH is lacking. The aim of the current study is to explore easily identi-
fiable predictors of in-hospital mortality in patients with spontaneous ICH for use
at the time of the first evaluation.

Materials and methods. This retrospective study was conducted in Mul-
tiprofile Hospital for Active Treatment in Neurology and Psychiatry “St. Naum”,
Sofia, Bulgaria, Department of Neurointensive Care between January 2019 and
January 2024. All patients with sudden onset acute neurological deficit of vascu-
lar origin and confirmed ICH by baseline NCCT, were included in the study. The
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exclusion criteria included: 1. Age under 18 years, 2. Secondary ICH (cerebral
aneurysm, arteriovenous malformation, tumour, trauma or hemorrhagic trans-
formation from ischemic stroke). Demographic and clinical data including sex,
age, history of hypertension, diabetes mellitus, alcohol consumption, antiplatelet
or anticoagulation therapy, GCS, NIHSS were recorded on admission. Labora-
tory findings at the time of admission, including the RDW, PC, glucose level,
WBC count, sodium, international normalised ratio (INR) and creatinine were
recorded. All NCCT scans were performed according to the standard radiol-
ogy department protocol with axial 2.5 mm section thickness on GE/Revolution
Evo 64 slice CT. The initial NCCT scan was reviewed to identify ICH location (lo-
bar, thalamic, basal ganglia, cerebellar, brainstem), hematoma volume, hematoma
shape, midline shift, presence of intraventricular and subarachnoid expansion. The
hematoma volume was calculated using the ABC/2 formula. The hematoma shape
was classified as regular and irregular. The specific NCCT signs were reviewed
by neuroradiologist who was blinded by the clinical data. The detection and in-
terpretation of satellite sign, island sign, blend sign, black hole sign, swirl sign
and sedimentation level were based on the international standards [17]. ICH score
was also calculated [7]. Primary outcomes were either survived or died within the
hospital.

Statistical analysis. The categorical data were presented as percentages.
The continuous are reported as mean + standard deviation or with median with
Interquartile range (IQR). The demographic characteristics, laboratory and NCCT
markers were tested, using Chi-squared tests for categorical and Mann—Whitney
U test for continuous data. The univariate and multivariate regressions were used
for prediction modelling. The initial multivariate modelling was constructed with
predictors selected from the variables with p-value below 0.1 in univariate regres-
sion models. The optimal multivariate regression analysis was obtained using
both-directional stepwise regression to find independent predictors of mortality.
Odds Ratio (OR) and 95% confidence intervals (CI) were calculated. Receiver
operating characteristic (ROC) analysis was calculated to assess the utility of the
final multivariate model to predict in-hospital mortality. A p-value of less than
0.05 was taken as significant. All statistical data were analyzed using R statistical
environment.

Results. Out of 145 patients with ICH, 98 met the inclusion criteria. The in-
hospital mortality rate among these patients was 31.6% (n = 31). Demographics
and clinical characteristics for both survived and died groups are summarized in
Table 1.

A univariate regression model was employed to identify independent predic-
tors of mortality. Among the clinicodemographic characteristics, lower GCS score
(p < 0.001), higher NIHSS (p < 0.001) and elevated ICH scores (p < 0.001),
were identified as significant independent predictors for mortality. Arterial hy-
pertension exhibited borderline statistical significance. In terms of laboratory
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Table 1

Univariate analysis of the association between clinicodemographic findings of patients with in-

tracerebral hemorrhage with in-hospital mortality; SBP — Systolic blood pressure, GCS — Glas-

gow Coma Scale, NITHSS — National Institutes of Health Stroke Scale; CI — Confidence interval;
OR — Odd ratio

Variables Survived Died OR p-
N =67 N =31 (95th CI) value
Age, mean (SD) 68.9 (£13.4) 74.4 (£12.7) 1.03 (1.00-1.07) 0.06
Sex, male, n (%) 35 (52.2) 15 (48.4)  1.17 (0.50-2.75) 0.72
Arterial hypertension, n (%) 58 (86.6) 21 (67.7)  0.33 (0.11-0.91) 0.03
Atrial fibrillation, n (%) 20 (29.8) 8 (25.8) 0.82 (0.11-0.91) 0.68
Diabetes mellitus, n (%) 10 (14.9) 7 (22.6) 1.66 (0.55-4.86) 0.35
Anticoagulant therapy, n (%) 11 (16.4) 4 (12.9) 0.75 (0.19-2.44) 0.65
Antiplatelet therapy, n (%) 12 (17.9) 6 (19.4) 1.10 (0.35-3.18) 0.86
Antihypertensive treatment, n (%) 27 (40.3) 15 (48.4) 1.39 (0.59-3.29) 0.45
Alcohol consumption, n (%) 8 (11.9) 3(9.7) - 0.89
Obesity, n (%) 8 (11.9) 1(3.23)  0.25 (0.01-1.43) 0.20
SBP (mmHg), mean + SD 163.7+£33.3 167.1+£43.3 1.00 (0.99-1.01) 0.66
Heart rate (beats/min) (mean +SD) 82.5+16.1  85.7+21.3 1.01 (0.99-1.03) 0.41
GCS score, median (IQR) 15 (12-15)  7(3-15)  0.59 (0.46-0.70) < 0.001
NIHSS score, mean £ SD 71438 18.7+£8.7 1.29(1.18-1.45) < 0.001
ICH score, mean + SD 1.3+1.1 34+1.2  3.95(2.45-7.28) < 0.001
Table 2

Univariate analysis of the association laboratory findings of patients with intracerebral hemor-

rhage with in-hospital mortality; HBG — hemoglobin; WBC — white blood cell; PC — platelet

count; RDW — red cell distribution width; Glu — glucose; INR — international normalised ratio;
CI — Confidence interval; OR — Odd ratio

Parameters Survived Died OR p-
N =67 N =31 (95th CI) value
HBG, g/L, mean + SD 139.1 +17.7 1438+ 17.1 1.02 (0.99-1.04) 0.21
WBC, 10°/L, mean + SD 9.9+36 124439  1.19 (1.06-1.36) 0.006
PC, 10°/L, mean + SD 285 +192.8 28374127  1.00 (0.99-1.0)  0.97
RDW, %, mean + SD 14.3 + 2.1 14.7+ 1.8 1.09 (0.88-1.35) 0.42
Glu, mmol/L, mean £+ SD 7.5+24 9.7+ 3.1 1.32 (1.13-1.59)  0.001
Nat, mmol/L, mean + SD 138.8+3.9 138.9+3.3 1.01 (0.90-1.13)  0.91
INR, mean + SD 1.5£1.0 1.3+£0.5 0.71 (0.27-1.27) 0.36
Creatinine, pmol/L, mean £ SD  88.8 £48.6  92.24+41.5  1.00 (0.99-1.01) 0.68

parameters, higher WBC count (p = 0.006) and elevated blood glucose levels
(p = 0.001) were found to be independent predictors of mortality (Table 2).
Regarding neuroimaging, NCCT findings showed that larger hematoma vol-
ume (p < 0.001), irregular shape (p = 0.011), midline shift (p = 0.028), presence
of subarachnoid (p = 0.043) and intraventricular (p < 0.001) expansions were
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Table 3

Univariate analysis of the association between non-contrast computer tomography findings of
patients with intracerebral hemorrhage with in-hospital mortality; CI — Confidence interval;
OR — Odd ratio

Variables Survived Died OR p-
N =67 N =31 (95th CI) value
Hematoma vol., mL, median (IQR) 11.1 (3.3-40.1) 53.7 (5.2-115) 1.02 (1.01-1.03) < 0.001
Irregular shape, n (%) 33 (49.3) 24 (77.4)  3.53 (1.39-9.89)  0.011
Lobar, n (%) 37 (55.2) 18 (58.1) 112 (0.48-2.69)  0.79
Basal ganglia, n (%) 15 (22.4) 6 (19.3) 0.83 (0.27-2.32) 0.73
Thalamic, n (%) 12 (17.9) 5(16.1)  0.88 (0.26-2.65)  0.83
Brainstem, n (%) 3 (4.5) 4(12.9)  3.16 (0.66-16.96)  0.15
Cerebellar, n (%) 0 (0.0) 1(3.2) - -
Midline shift, n (%) 19 (28.4) 16 (516) 269 (L12:660)  0.028
Intraventricular expansion, n (%) 19 (28.4) 20 (61.3) < 0.001
Subarachnoid expansion, n (%) 8 (11.9) 9 (29) 3.02 (1.03-9.02) 0.043
Island sign, n (%) 8 (11.9) 9 (29) 3.02 (1.03-9.02)  0.043
Satellite sign, n (%) 17 (25.4) 15 (48.4) 276 (1.13-6.82)  0.026
Blend sign, n (%) 8 (11.9) 1(3.2) 0.25 (0.01-1.43)  0.20
Black hole sign, n (%) 16 (23.8) 10 (14.9) 152 (0.58-3.87)  0.38
Switl sign, n (%) 30 (44.8) 19 (28.4)  1.95 (0.83-4.75)  0.13
Sedimentation level, n (%) 4 (5.9) 2 (6.4) 1.09 (0.15-5.90) 0.93

associated with increased mortality risk. Additionally, specific NCCT signs, in-
cluding the island sign (p = 0.043) and satellite sign (p = 0.026) were linked to a
higher risk of death (Table 3).

To refine the prediction model, a multivariable regression analysis was per-
formed. Due to the collinearity between ICH score, Intraventricular expansion and
GCS, only GCS was selected for inclusion in the final model. After stepwise re-
gression analysis, two variables remained as independent predictors of in-hospital
mortality included: NTHSS score (OR = 1.24, 95% CI = 1.12-1.42, p < 0.001)
and GCS (OR = 0.15, 95% CI = 0.02-0.67, p = 0.02) (Table 4). On the ROC
curve analysis, the area under curve for the significant predictors was 0.833 (95%

Table 4

Results of multivariate analysis of predictors of in-hospital mortality; GCS — Glasgow Coma
Scale; NIHSS — National Institutes of Health Stroke Scale; SE — Standard error; CI — Confidence
interval; OR — Odd ratio

Variables Regression coefficient SE OR 95th CI p-value
NIHSS 0.216 0.060 1.24 1.12-1.42 < 0.001
GCS —1.921 0.850 0.15 0.02-0.67 0.02
Arterial hypertension —1.239 0.850 0.29 0.05-1.47 0.14
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CI 0.748-0.917). The model performs well with high accuracy (88%), sensitivity
(95%) and positive predictive value (88%). It shows good discrimination between
the two groups, but there is potential for improving specificity (71%). The kappa
value (70%) also suggests significant agreement between predicted and actual val-
ues.

Discussion. Outcomes in patients with ICH remain poor with no specific
medical treatment. The goal of our study was to identify independent prognos-
tic factors for in-hospital mortality in patients with spontaneous ICH, based on
initial evaluation. The mortality rate in the present study was 31.6%. The in-
hospital mortality in different countries varies from 13.7% to 45.2% [18,19]. In
our population elevated WBC count and blood glucose levels were found to be
independent predictors of mortality. A meta-analysis among 17 studies involv-
ing 6527 patients concluded that hyperglycemia significantly increased the risk of
mortality in patients with spontaneous intracerebral hemorrhage (RR = 2.36, 95%
CI 1.79-3.12). Additionally, this analysis indicated that hyperglycemia raises the
risk of both short-term mortality (RR = 3.97, 95% CI 2.13-7.43) and long-term
mortality (RR = 1.53, 95% CI 1.14-2.05) [8]. One potential mechanism for this
association is that hyperglycemia exacerbates acute blood-brain barrier disruption
compared to normoglycemia [9]. Data on the impact of WBC count in relation to
mortality in ICH patients remains controversial. However, several recent studies
have associated elevated WBC count on admission with increased mortality at
90 days following ICH [10]. Furthermore, a meta-analysis evaluating WBC count
as a prognostic factor found that increased count at admission was significantly
associated with both overall and long-term mortality [11].

Radiological findings also appear closely associated with mortality prediction
in the patients with ICH. The results of the current study align with previous
findings of baseline hematoma volume |6, 12|, midline shift [13], subarachnoid ex-
pansion [14], island sign [15,16], satellite sign [15], intraventricular hemorrhage [6]
and irregular shape [13] which are significant variables influencing the prognosis.
However, we did not identify any association between the in-hospital mortality and
other variables, including age, gender, blend sign, swirl sign, black hole sign and
location of hemorrhage. The ICH score proved statistically significant, as some
of its components — such as the GCS, hematoma volume and intraventricular ex-
tension — are highly relevant to patient’s outcome. Many studies have concluded
that this simple clinical grading scale facilitates risk stratification at the time of
ICH presentation [7].

Both-sided stepwise regression analysis reduced our model to just two pre-
dictors — NIHSS and GCS. Lower GCS scores were associated with a greater risk
of in-hospital mortality. Our findings are consistent with numerous studies that
demonstrate the ability of this scale to predict both in-hospital and 30-day mor-
tality. The importance of the scale is supported by the fact that it is a component
in multiple prognostic models for mortality after ICH [6]. Our study confirmed
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that increased NIHSS score upon admission impacts ICH outcomes unfavourably.
Prior studies have shown that admission NTHSS correlates with case fatality rates.
MAHDY et al. [20] reported a highly statistically significant relation (p = 0.001)
between the 30-day mortality and NTHSS. A study of KAZARYAN et al. [5] showed
that the NIHSS predicts 3-month disability and case fatality outcomes with sub-
stantial accuracy, performing comparably with the ICH score. Widely documented
in routine clinical care, the NIHSS deficit severity score can serve as a valuable
measure for clinical prognosis, therapy development, and case-mix risk adjust-
ment in patients with ICH. In addition, combining the NIHSS and the ICH score
in unified model may improve the prognostic performance of each score alone.

Limitations. Several limitations must be acknowledged in this study. A
retrospective design may not be as robust as a prospective or interventional study
due to potential recall and selection biases. In addition, the insufficient sample
size may limit representativeness, potentially leading to overestimation, underes-
timation, or uncertainty in our findings.

Conclusion. In conclusion, intracerebral hemorrhage is associated with high
mortality and morbidity. Different clinical, laboratory and radiological findings at
admission may be effective in prognosticating mortality. However, in our study the
multivariable regression analysis revealed that only low GCS and higher NIHSS
independently can predict mortality.

REFERENCES

[1] GREENBERG S. M., W. Zia1l, C. CORDONNIER et al. (2022) American Heart As-
sociation/American Stroke Association. 2022 Guideline for the Management of Pa-
tients with Spontaneous Intracerebral Hemorrhage: A Guideline from the American
Heart Association/American Stroke Association, Stroke, 53(7), €282-e361.

[2] L1Y.F., J. Luo, Q. Liet al. (2012) A new simple model for prediction of hospital
mortality in patients with intracerebral hemorrhage, CNS Neurosci. Ther., 18(6),
482-486.

[3] WaFA H. A., I. MARSHALL, C. WOLFE et al. (2024) Burden of intracerebral haem-
orrhage in Europe: forecasting incidence and mortality between 2019 and 2050,
Lancet Reg. Health Eur., 38, 100842.

[4] vaN AscH C. J., M. J. LUITSE, G. J. RINKEL et al. (2010) Incidence, case fatality,
and functional outcome of intracerebral haemorrhage over time, according to age,
sex, and ethnic origin: a systematic review and meta-analysis, Lancet Neurol., 9(2),
167-176.

[5] KAZARYAN S. A.; K. SHKIRKOVA, J.L. SAVER et al. (2024) The National Insti-
tutes of Health Stroke Scale is comparable to the ICH score in predicting outcomes
in spontaneous acute intracerebral hemorrhage, Front. Neurol., 15, 1401793.

[6] GREGORIO T., S. PrpA, P. CAVALEIRO et al. (2018) Prognostic models for in-
tracerebral hemorrhage: systematic review and meta-analysis, BMC Med. Res.
Methodol., 18, 145, https://doi.org/10.1186/s12874-018-0613-8.

1522 I. Antova, D. Taskov, M. Milanova et al.


https://doi.org/10.1186/s12874-018-0613-8

[7] HEMPHILL J.C., D. BoNOVICH, L. BESMERTIS et al. (2001) The ICH score: a
simple, reliable grading scale for intracerebral hemorrhage, Stroke, 32(4), 891-897.

[8] Guo X., H. L1, Z. ZHANG et al. (2016) Hyperglycemia and mortality risk in
patients with primary intracerebral hemorrhage: a meta-analysis, Mol. Neurobiol.,
53(4), 2269-2275.

9] Kim Y., M.H. HaN, C.H. KiM et al. (2017) Increased short-term mortality
in patients with spontaneous intracerebral hemorrhage and its association with
admission glucose levels and leukocytosis, World Neurosurg., 98, 503-511.

[10] HE J., Y. ZHANG, X. CHENG et al. (2023) White blood cell count predicts mortal-
ity in patients with spontaneous intracerebral hemorrhage, Neurocrit. Care, 39(2),
445-454.

[11] YU Z., J. ZHENG, R. GUO et al. (2019) Prognostic impact of leukocytosis in intrac-
erebral hemorrhage: A PRISMA-compliant systematic review and meta-analysis,
Medicine (Baltimore), 98(28), e16281.

[12] WiTscH J., B. SIEGERINK, C. NOLTE et al. (2021) Prognostication after intrac-
erebral hemorrhage: a review, Neurol. Res. Pract., 3(1), 22.

[13] MasoTTI L., E. GRIFONI, L. MIGLI et al. (2021) Prognostic determinants in
patients with non traumatic intracerebral hemorrhage: a real life report, Acta
Clin. Belg., 76(5), 365-372.

[14] WaNG J., D. WANG, L. BIAN et al. (2023) Subarachnoid extension and unfa-
vorable outcomes in patients with supratentorial intracerebral hemorrhage, BMC
Neurol., 23(1), 46.

[15] QUINTAS-NEVES M., L. MARQUES, L. SivA et al. (2019) Noncontrast computed
tomography markers of outcome in intracerebral hemorrhage patients, Neurol. Res.,
41(12), 1083-1089.

[16] SporNs P.B., A. KEMMLING, M. SCHWAKE et al. (2018) Triage of 5 noncon-
trast computed tomography markers and spot sign for outcome prediction after
intracerebral hemorrhage, Stroke, 49(10), 2317-2322.

[17] MoroTTI A., G. BouLouls, D. DOWLATSHAHI et al. (2019) Standards for de-
tecting, interpreting, and reporting noncontrast computed tomographic markers of
intracerebral hemorrhage expansion, Ann. Neurol., 86(4), 480-492.

[18] HUANG Z., C. Liu, Z. WU et al. (2024) Elevated platelet count is associated with
decreased mortality from hemorrhagic stroke in hospital: a multi-center retrospec-
tive cohort study, Sci. Rep., 14(1), 3797.

[19] Rapu R., E. TERECOASA, C. T1U et al. (2021) Neutrophil-to-lymphocyte ratio
as an independent predictor of in-hospital mortality in patients with acute intrac-
erebral hemorrhage, Medicina (Kaunas), 57(6), 622.

[20] MAHDY M., N. GHONIMI, T. ELSERAFY et al. (2019) The NTHSS score can predict
the outcome of patients with primary intracerebral hemorrhage, Egypt J. Neurol.
Psychiatry Neurosurg., 55, 21, https://doi.org/10.1186/s41983-019-0056-0.

!Department of Neurology, University Hospital of Neurology and Psychiatry “St. Naum”,
1 Dr. Lyuben Roussev St, 1113 Sofia, Bulgaria

e-mails: izabelantova@gmail . com, dimtaskov@gmail.com,
dr.milena.milanova@gmail.com, nikolatbg@yahoo.com,

milanovivan54@gmail.com

?Medical University — Sofia, 15 Akad. Ivan Evstratiev Geshov Blvd, 1431 Sofia, Bulgaria

C. R. Acad. Bulg. Sci., 78, No 10, 2025 1523


https://doi.org/10.1186/s41983-019-0056-0
mailto:izabelantova@gmail.com
mailto:dimtaskov@gmail.com
mailto:dr.milena.milanova@gmail.com
mailto:nikolatbg@yahoo.com
mailto:milanovivan54@gmail.com

3Institute of Mathematics and Informatics, Bulgarian Academy of Sciences,
Akad. G. Bonchev St, Bl. 8, 1113 Sofia, Bulgaria
e-mails: tchorbadjieff@gmail.com, atchorbadjieff@math.bas.bg

1524 I. Antova, D. Taskov, M. Milanova et al.


mailto:tchorbadjieff@gmail.com
mailto:atchorbadjieff@math.bas.bg

