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ABSTRACT

AIM: To optimize the Spontaneous intracerebral hemorrhage (sICH) early hematoma expansion prediction scoring table to adopt 
appropriate clinical treatment plans and improve the prognosis of sICH patients.   
MATERIAL and METHODS: A total of 150 patients with sICH were enrolled, and 44 had early hematoma expansion. According 
to the selection and exclusion criteria, the study subjects were screened, their NCCT characteristic signs and clinical data were 
analyzed statistically. The established prediction score was applied to the follow-up study cohort to conduct a pilot study, and the 
t-test and ROC curve were used to evaluate its predictive ability.  
RESULTS: Statistical analysis found that initial hematoma volume, GCS score, and NCCT special signs were independent risk 
factors for early hematoma expansion after sICH (p<0.05). Thus, a score table was established. Subjects with ≥10 were divided 
into high-risk group, 6-8 comprised the medium-risk group, and ≤4 were divided into low-risk group. Among 17 patients with 
acute sICH, 7 developed early hematoma enlargement. The prediction accuracy was 92.41% in the low-risk group, 98.06% in the 
medium-risk group, and 84.61% in the high-risk group. 
CONCLUSION: This optimized prediction score table based on the special signs of NCCT shows the high prediction accuracy of 
sICH early hematoma.
KEYWORDS: Spontaneous intracerebral hemorrhage, Early hematoma enlargement, Prediction rating table, Computed tomography
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imaging method for the diagnosis of acute sICH and has been 
widely used as the first choice for monitoring intracranial 
conditions. The parameters of NCCT, along with various 
clinical criteria, have been used to create practical scoring 
protocols that predict (early hematoma enlargement). 
According to Brott criteria (8), hematoma enlargement is 
defined as an increase in hematoma volume by >33% or an 
increase of >6 mL in the newly diagnosed CT compared to 
the next review to assess prognosis (1). Actively implemented 
interventions (including surgery and drug therapy) can improve 
the clinical outcome after sICH (4). Therefore, identifying 
patients with sICH who are at risk of hematoma enlargement 

█   INTRODUCTION

Spontaneous intracerebral hemorrhage (sICH) accounts 
for about 10-15% of all types of stroke and has a high 
mortality and disability rate than ischemic stroke (48) 

(58% of sICH patients die within 1 year, neurologic dysfunction 
persisted in 67% ofpatients). The main causes of sICH are 
various forms of small vessel diseases (4), among which 
hypertensive cerebral hemorrhage is the most common, and 
other causes include vascular malformations, cerebral venous 
sinus thrombosis, tumors, and the use of anticoagulants. 
Noncontrast computed tomography (NCCT) is a conventional 
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is essential for the diagnosis, treatment plan, and prediction of 
prognosis. Chinese Stroke Association guidelines for clinical 
management of intracerebral hemorrhage in 2019 (10) stated 
that CT angiography (CTA) examination should be performed 
routinely in competent hospitals. In addition to excluding 
secondary intracerebral hemorrhage, CTA “point sign” is a risk 
factor for hematoma enlargement of sICH. Factors such as CT 
hematoma volume at first diagnosis, “Blend sign.” and “Island 
sign” on NCCT should be comprehensively considered in 
assessing the risk of hematoma enlargement.

CTA “point sign” is a reliable and effective marker of hemato-
ma enlargement, clinical deterioration, and poor prognosis in 
sICH (12). However, its evaluation requires CTA, which is not 
a routine test in the diagnostic examination of acute sICH. In 
a large randomized controlled trial (35), <20% of patients with 
sICH received CTA within 8 h of onset. Two randomized con-
trolled trials (RCTs) selected sICH patients for CTA screening 
(16,33) were terminated prematurely due to difficulties in re-
cruiting subjects. These failures highlight the need for CTA-in-
dependent strategies for predicting hematoma enlargement 
and adverse outcomes, and hence, NCCT special signs have 
emerged as an alternative to CTA “point signs” to rapidly iden-
tify patients at a high risk of early hematoma enlargement and 
with adverse clinical outcomes (46).

NCCT is the recommended imaging test of choice for the 
diagnosis of sICH both for routine review and monitoring, 
as well as the assessment of the sudden deterioration of the 
patient’s condition. sICH mainly occurs in the basal ganglia 
region, followed by the lobes, cerebellum, and pontines. 
The proportions of hypertension, amyloidosis, arteriovenous 
malformation (AVM), and unknown sICH hemorrhage were 
46.2%, 10.3%, 7.69%, and 35.9%, respectively (25). Acute 
sICH hematoma is usually round or oval in shape (17), and 
its CT value is usually 30–80 Hounsfield unit (HU). NCCT can 
also locate the hematoma, which is crucial in determining 
the etiology of bleeding and the prognosis of patients. Many 
recent studies (1) have shown some specific signs in NCCT 
that can predict hematoma enlargement in early sICH.

█   MATERIAL and METHODS
Clinical Data

Retrospective Analysis to Establish a Prediction Table

From the image database of The Second Affiliated Hospital 
of Soochow University, patients diagnosed from August 2018 
to June 2020 were screened for spontaneous intracerebral 
hemorrhage (sICH). The inclusion criteria were as follows: 1) 
Initial CT was performed within 24 h after the onset of disease 
and was diagnosed as acute sICH; 2) Age ≥18-years-old. The 
exclusion criteria were as follows: 1) cerebral tumor stroke, 
AVM, aneurysm, spontaneous subarachnoid hemorrhage, 
cerebral infarction, and brain stem hemorrhage; 2) CT was 
not reexamined within 24 h after initial diagnosis; 3) Surgical 
treatment was performed before CT review. After the above 
criteria screening, 150 cases of sICH patients admitted to 
our hospital were analyzed retrospectively. The hematoma 
enlargement was diagnosed based on Brott criteria (8). It 

was defined as >33% increase in hematoma volume or >6 
mL increase in the initial CT compared to the next review CT. 
According to the definition of early hematoma enlargement, 
all patients were divided into two groups: the enlarged 
hematoma and the stable hematoma. The clinical data of the 
two groups of patients, including gender, age, hospital blood 
pressure (systolic pressure), important medical history (such 
as diabetes, hypertension, cerebral infarction), Glasgow Coma 
Scale(GCS) score, hematoma volume, the first time and the 
subsequent review of CT, CT hematoma CT value on average, 
hematoma, laboratory examination results (hemoglobin, Ca2+, 
K+, D-dimer), prognosis, and specific signs of NCCT (island, 
mixed, black hole, and liquid level), were collected. A flowchart 
of study design as shown in Figure 1. 

Pilot Study Verification Rating Table

A pilot study was conducted to explore the correlation 
between early hematoma enlargement and predictive rating 
scale. Patients with acute sICH admitted to The Second 
Affiliated Hospital of Soochow University (Suzhou, China) 
from October 2020 to January 2021 were recruited in 
this study. The exposed factors were mainly at the level of 
prediction score, and the observation outcomes served as the 
expected final outcome of early hematoma enlargement and 
the failure of early hematoma enlargement. The classification 
was based on uniform criteria (the criteria for early hematoma 
enlargement were Brott criteria) 1), defined as an increase in 
hematoma volume >33% or an increase of ≥6 mL on the initial 
CT compared to the next review CT. Experimental group: sICH 
patients with early hematoma enlargement were selected. 
Control group: sICH patients without early hematoma 
enlargement. Inclusion criteria: 1) Initial CT was performed 
within 24 h after disease onset and diagnosed as acute sICH; 
2) ≥18-years-old; 3) CT reexamination was performed within 
8 h. Exclusion criteria: 1) Brain tumor stroke, AVM, aneurysm, 
spontaneous subarachnoid hemorrhage, cerebral infarction, 
and brain stem hemorrhage; 2) CT was not reexamined within 
8 h after initial diagnosis; 3) Surgical treatment was performed 
before CT review. The clinical data of two groups of patients, 
including gender, age, medical history (such as diabetes, 
hypertension, and cerebral infarction), GCS score, hematoma 
volume, the first time and the subsequent review of CT, CT 
hematoma, CT value on average, hematoma, NCCT special 
signs (Island sign, Blend sign, Black hole sign, Fluid levels), 
and prediction score.

Image Acquisition and Image Analysis

Patients were scanned using the same CT (GE Bright Speed 
16-slice spiral CT) scan parameters, and NCCT imaging was 
obtained within the standard time limit. First, all NCCT images 
were evaluated by two neurosurgeons (One for 3 years and 
one for 25 years) blinded to the patient’s clinical data for the 
presence of NCCT-specific signs (Island sign, Blend sign, 
Black hole sign, Fluid levels). Next, hematoma volumes were 
measured on primary and subsequent CT scans and calculated 
using 3D Slicer software (version 4.9.0; Harvard University, 
Massachusetts, USA; Figure 2). The mean CT values of 
hematomas were also measured, and the hematomas were 
classified according to the sites: basal ganglia hemorrhage, 
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cerebral lobe hemorrhage, cerebellar hemorrhage, thalamic 
hemorrhage, and intraventricular hematoma (changes in 
intraventricular hematoma volume were not included in early 
hematoma enlargement).

Ethical Review

This project was approved by the Ethics Committee of the 
Second Affiliated Hospital of Soochow University (JD LK-
2018-067-01).

Statistical Methods

Retrospective study

Statistical software SPSS 26.0 and Prism 8.4.0 were used for 
data processing and analysis. The consistency of the image 
judgments between the two physicians was assessed by 
Kappa test. Continuous variables were summarized using 
the appropriate mean (M) or median (interquartile range 
(IQR)) value, and discrete variables were summarized using 
counts (%). Univariate analysis was performed by χ2 test, 

Fisher’s exact test, t-test, and Mann–Whitney test, and 
p<0.05 was considered statistically significant. Multivariate 
logistic regression models were used to identify factors that 
were independently associated with significant hematoma 
enlargement. The variables associated with the outcomes 
in univariate analysis (p<0.05) were input into the nominal 
logistic model. The receiver operating characteristic curve 
(ROC), calibration curve, and decision curve analysis (DCA) 
were used to evaluate the discrimination ability of the model. 
The Mean square error (MSE) test assesses its accuracy. 
Finally, the incidence of early hematoma enlargement under 
different scores was estimated and compared to evaluate the 
reliability of the prediction table.

Pilot Study 

A single-blind trial was conducted by recording patients’ data 
when they were not informed of the clinical data evaluation 
and the outcomes. To evaluate the initial diagnosis and review 
CT images, the researchers calculated hematoma volumes 

Figure 1: The flowchart of study 
design.

Figure 2: Measurement method of 
sICH hematoma on NCCT image.
A) CT image of irregular sICH; 
B) use 3D Slicer software to carry 
out 3D reconstruction effect drawing 
(convenient for accurate calculation 
of hematoma volume). The images 
were obtained from the image 
database of the Second Affiliated 
Hospital of Soochow University.

A B
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island sign or mixed sign as independent risk factors for early 
hematoma enlargement after sICH (p<0.05).

Finally, the prediction rating table was obtained (the total score 
was 2-14 points, Table II). The area under the ROC curve of 
the rating scale was 0.858 (95% confidence interval (CI): 
0.791-0.924, p<0.001), indicating that the rating scale had a 
strong predictive power. Furthermore, according to Pearson’s 
chi-square test, the significance (Sig) was <0.01 and <0.05, 
indicating that the probability of early hematoma enlargement 
increased with the increase in the predictive score.

A total of 150 patients were divided into groups according to 
the predictive score: 4, 6, and 8. Among them, 26 patients 
were classified as the high-risk group with a score ≥10. 
The incidence of early hematoma enlargement was 84.61% 
(22/26), and the standard error of mean (SEM) was 0.109. The 
score was 6-8, and 45 cases were divided into the moderate-
risk group. The incidence of early hematoma enlargement was 
35.56% (16/45), and SEM was 0.150. A total of 79 patients 
were divided into the low-risk group with score ≤4, and the 
incidence of early enlarged hematoma was 7.59% (6/79) 
with SEM 0.274 (all P-values were <0.01). The area under 
the ROC curve between groups was 0.821 (95% CI: 0.743-
0.900), indicating the high reliability of the grouping method. 
The sensitivity, specificity, and accuracy of the prediction 
rating scale were 0.95, 0.57, and 0.87, respectively. The DCA 
decision curve (Figure 3) was different in the two extreme 
cases, and the range of selectable threshold was large, 
indicating that this prediction rating scale had strong clinical 
practicability. The calibration curves (Figure 4) showed that 
x2 =2.122 and p=0.713, indicating that the accuracy of this 
prediction rating table was satisfactory. The error among the 
MSE groups was 6.701, and the loss of function was small, 
indicating high accuracy of this prediction rating table. 

Verify the Prediction Rating Table in the Pilot Study

A total of 17 patients with acute sICH were included in this 
study. A total of 7 (41.17%) of the 17 patients developed early 
hematoma enlargement (included in the experimental group), 
while 10 (58.83%) did not develop early hematoma enlarge-
ment (included in the control group). Clinical data were col-
lected after admission (see Table III) and predicted scores 
were made. The probability of early hematoma enlargement 
was as follows: 2 points (0%,0/3),4 points (0%,0/3), 6 points 
(20.00%,1/5), 8 points (66.33%,2/3), 10 points (100%,3/3), 
12 points (100%,1/1); Prediction accuracy (low risk group 
=92.41%, medium risk group =98.06%, high risk group 
=84.61%). The comparison of general data between the ex-
perimental group (n=7) and the control group (n=10) is shown 
in Table III. The above data were compared with the prediction 
score in this prediction rating table, and t test was performed, 
t=3.972 (p=0.001 < 0.05), indicating that the prediction score 
could significantly reflect the probability of early hematoma 
enlargement. Univariate analysis of predictive score showed 
that OR =1.666 > 1, 95%CI (1.043 ~ 2.661), indicating that 
predictive score was an independent predictor of early hema-
toma enlargement. The ROC curve of pilot study score was 
drawn, AUC=0.914,95%CI (0.782 ~ 1.000). 

using standard software using 3D Slicer software (version 
4.9.0; Harvard University) and processed the hematoma 
volume obtained from the initial CT scan, and the follow-up CT 
scan was compared and grouped. Statistical software SPSS 
26.0 and Prism 8.4.0 were utilized for data processing and 
analysis. Continuous variables were summarized using the 
appropriate M or median (IQR) values, and discrete variables 
were summarized using counts (%). The measurement data 
conformed to the normal distribution was represented by x
± s, and the score was tested by single-sample Kolmogorov-
Smirnovtest to detect whether it complied with the normal 
distribution. The t-test was used for comparison between 
groups, and the ROC curve was used to evaluate the predictive 
power of the score.

█   RESULTS
Retrospective Study to Establish a Prediction Rating 
Table

A total of 150 patients with acute sICH were included in 
this study. Among them, 44 (29.33%) cases developed 
early hematoma enlargement. The two physicians had high 
consistency in judging NCCT signs (Kappa values >0.75). 
The mean age was 60.87 ± 15.84-years-old. The cohort 
comprised 102 (68.00%) males and 48 (32.00%) females. The 
mean systolic blood pressure was 166.95 ± 28.42 mmHg, 
mean hemoglobin 132.16 ± 16.46 g/L, mean K+ 3.72 mmol/L, 
mean Ca2+ 0.59 mg/L, and mean D-dimer was 2.21. The mean 
CT scan time from onset to first diagnosis was 7 h. The CT 
time from onset to the first diagnosis was <6 h in 102 (68.00%) 
cases. After admission, the GCS score was recorded in all 
patients, including 14 (9.33%) cases with GCS score ≤5, 
47 (31.33%) cases with GCS scores between 6 and 8, and 
89 (59.33%) cases with GCS score ≥9. The average initial 
hematoma volume was about 26 mL, the initial hematoma 
volume was ≤18 mL in 75 (50.00%) cases, the initial hematoma 
volume was between 18 and 45 mL in 47 (31.33%) cases, and 
with >45 mL in 28 (18.67%) cases. Moreover, 114 (76.00%) 
cases had a history of hypertension, 27 (18.00%) cases had 
a history of diabetes, 9 (6.00%) cases had creatinine ≥141 
μmol/L (renal insufficiency), and 8 (5.33%) cases ingested 
anticoagulant drugs. The cohort comprised of 36 (24.00%) 
cases with Island sign, 45 (30.00%) cases with Blend sign, 
10 (6.67%) cases with Black hole sign, and 3 (2.00%) cases 
with Fluid levelssign. There were more than two special signs 
of NCCT and 73 (48.67%) cases exhibited at least one of 
island or Blend signs, while 16 (10.67%) patients had poor 
prognosis (Table I). Interestingly, significant differences were 
observed in the initial hematoma volume (≤18 mL, 18-45 mL, 
>45 mL), GCS score (≤ 5, 6-8, ≥9), average HU minimum 
value of hematoma, Island sign, Blend sign, and NCCT special 
sign ≥2, and at least one of these was island or Blend signs 
(p<0.05) between enlarged and stable hematoma groups.

The above risk factors were included in the multivariate 
Logistic regression analysis, and it was found that initial 
hematoma volume, GCS score, island sign, mixed sign, and 
NCCT special signs were ≥2, and at least one of them was 
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Table I: Comparison of Data Between the Enlarged Hematoma Group and the Stable Hematoma Group

Risk factors Total number 
(n=150)

Hematoma 
enlargement 
group (n=44)

Stable hematoma 
group (n=106) p

Age (±s) 60.87 ± 15.84 63.95 ± 16.44 59.59 ± 15.48 0.160
Male (n,%) 102 (68.00) 33 (75.00) 69 (65.09) 0.065
SBP (mmHg, ±s) 166.95 (28.42) 163.50 (27.21) 168.90 (29.25) 0.538
CT time from onset to first diagnosis (h;M,IQR) 7.65 (3.8) 6.59 (2.7) 7.66 (3.8) 0.096
CT time from onset to first diagnosis ≤6h (n,%) 102 (68.00) 33 (75.00) 69 (65.09) 0.379
Initial hematoma volume (mL; M,IQR) 26.02 (10.33) 45.16 (12.61) 17.92 (8.25) 0.017
Initial hematoma volume ≤18mL (n,%) 75 (50.00) 9 (20.45) 66 (62.26) 0.028
Initial hematoma volume in 18-45mL (n,%) 47 (31.33) 14 (31.81) 33 (31.13) 0.028
Initial hematoma volume >45mL (n,%) 28 (18.67) 21 (47.73) 7 (6.60) 0.028
GCS score ≤8 (n,%) 14 (9.33) 11 (25.00) 3 (2.83) 0.011
GCS score 6∼12 (n,%) 47 (31.33) 11 (25.00) 36 (33.96) 0.011
GCS score ≥12 (n,%) 89 (59.33) 22 (50.00) 67 (63.21) 0.011
Hypertension (n,%) 114 (76.00) 33 (75.00) 81 (76.41) 0.572
Diabetes (n,%) 27 (18.00) 10 (22.73) 17 (16.04) 0.329

Hemoglobin (g/L; x ±s) 132.16 (16.46) 130.05 (17.27) 133.36 (16.09) 0.369
Potassium  ions  (mmol/L; M, IQR) 3.72 (3.38, 3.95) 3.69 (3.48, 3.98) 3.72 (3.35, 3.94) 0.870
D-dimer (mg/L; M, IQR) 0.59 (0.28, 1.26) 0.63 (0.36, 1.12) 0.53 (0.25, 1.42) 0.624
Calcium ions (mmol/L; M, IQR) 2.21 (2.13, 2.29) 2.20 (2.09, 2.29) 2.23 (2.14, 2.29) 0.466
Creatinine ≥141 (n,%) 9 (6.00) 5 (11.36) 4 (3.77) 0.609
Anticoagulant drugs (n, %) 8 (5.33) 3 (6.82) 5 (4.72) 0.953
Island sign (n,%) 36 (24.00) 27 (61.36) 9 (8.49) 0.032
Mixed  sign (n,%) 45 (30.00) 31 (70.45) 14 (13.21) 0.010
Black hole  sign (n,%) 10 (6.67) 6 (13.63) 4 (3.77) 0.900
Liquid level  sign (n,%) 3 (2.00) 2 (4.54) 1 (0.94) 0.835
There are at least 2 special signs of NCCT and at least 
one of them is island sign or mixed sign (n,%) 73 (48.67) 40 (90.90) 28 (26.41) 0.001

Hematoma HU MAX ( x ±s) 64.29 ± 4.98 63.98 ± 4.71 65.02 ± 4.79 0.447

Hematoma HU MIN ( x ±s) 53.25 ± 5.04 50.77 ± 4.98 54.60 ± 4.95 0.018
Hematoma HU difference (M, IQR) 11 (7.15) 12 (9.17) 11 (7.14) 0.241
The hematoma parts
Basal ganglia region (n, %) 137 (79.33) 40 (80.00) 97 (79.24)
The cerebellum (n, %) 1 (0.58) 0 1 (0.81)
Lobes (n, %) 34 (19.8) 10 (20.00) 24 (13.87)
The thalamus (n, %) 14 (8.09) 0 14 (11.38)
Intraventricular hematoma (n, %) 37 (21.38) 20 (40.00) 17 (9.56) 0.250
Poor prognosis (n, %) 16 (10.67) 11 (22.00) 5 (1.79) 0.121
Note: Arithmetic mean; S: standard deviation; N: quantity; M: arithmetic mean; IQR: quartile; SBP: systolic blood pressure; GCS: Glasgow 
Scale; HU: Hounsfield unit value; MIN: minimum value; Max: The maximum.
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Table II: sICH Score for Early Hematoma Enlargement Prediction Based on NCCT Signs 

Parameter Score

GCS score

≤5 5

6∼8 3

≥9 1

Initial hematoma volume

≤18 mL 1

18∼45 mL 3

>45 mL 5

NCCT signs

Only island sign 2

Only mixed sign 2

There are at least 2 special signs of NCCT and at least one of them is island sign or mixed sign 4

Absence (or only black hole sign) 0

Total score 2∼14

Note: GCS: Glasgow Scale; Score ≥10 was classified as high risk group, score 6-8 as medium risk group, score ≤4 as low risk group. 

Figure 3: DCA curve of the predicted score. The horizontal line 
represents the situation where all samples are negative, i.e. no 
hematoma enlargement. The oblique line indicates that all samples 
are positive, that is, all hematomas are enlarged. The curve is 
based on the model curve, far from the above two extreme cases, 
showing good clinical practicability. 

Figure 4: Calibration curve. The curve of the forecast table is 
close to the ideal curve, and the prediction accuracy is high.

█   DISCUSSION
In China, due to the aging population, the incidence of sICH 
was high (10). The early detection of the high-risk factors for 
early hematoma enlargement is crucial for the development of 

treatment strategies and the improvement of the diagnosis and 
treatment of sICH in the region. The application of NCCT signs 
to predict the early expansion of hematoma is recommended 
in the 2019 Chinese Multidisciplinary Guidelines for the 
Diagnosis and Treatment of Cerebral Hemorrhage (6). Based 
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continued bleeding (and possibly sequential bleeding). The 
uneven density within the hematoma may reflect different 
bleeding stages and thus have a role in discriminating 
whether the hematoma will expand further (3,13). Miyahara 
et al. speculated that enhancing the “point sign” on CTA 
was the gold standard for the early expansion of sICH (32). 
However, in the diagnosis and treatment of emergency sICH 
in China, all hospitals could not use CTA. In addition, CTA is 
expensive, and the radiation dose is significantly higher than 
that of NCCT. The presence of an iodine contrast agent also 
increases the risk of patients with chronic kidney disease 
(CKD) (20), and CKD is an independent risk factor for ischemic 
and hemorrhagic stroke. In addition, the disease is associated 
with neurological dysfunction, poor outcomes, and high 
mortality after stroke. Among patients with sICH, hematoma 
volume was 2.3-fold higher in patients with moderate to severe 
CKD than in the general population. Therefore, NCCT has an 
advantage in predicting early hematoma enlargement in sICH. 
Without a CTA test, this scale may be used to select treatment 
options, such as controlled hypotension, hemostasis, surgical 
treatment, or specific anticoagulant reversal strategies, for 
those at high risk. It also helps to select treatment options 
for patients with ICH; with limited resources, it can be divided 
into routine stroke unit care, intensive care, and emergency 
surgery based on patient risk assessment.

This study verified that confounding sign is an independent 
predictor of hematoma enlargement. Since there is an 
obvious overlap between the definition of Black hole sign 
and confounding sign (29,30), and data analysis showed that 
confounding sign is more sensitive than Black hole sign, the 
presence of confounding sign can better indicate the instability 
of hematoma (41). Similarly, Island signs (28) are independent 
predictors of hematoma enlargement. The single-center study 
on Island signs by Li was the first to report that Island signs 

on a previous preliminary study (24), the prediction rating 
scale was improved, enabling the clinicians to predict the 
possibility of early hematoma enlargement in sICH. The 
routine examination results determined the diagnosis and 
treatment plan, especially the choice of surgical intervention 
when the patients were received the first time. The current 
results showed that the high-risk factors associated with early 
hematoma enlargement were initial hematoma volume, GCS 
score, Island sign, Blend sign, NCCT special sign ≥2, and at 
least one of them was Island sign or Blend sign.

Fujii et al. demonstrated that a low GCS score is a major risk 
factor for hematoma enlargement, and continuous bleeding 
is likely to lead to severe neurological damage and large 
hematoma (14). Nonetheless, it is not clear why patients with 
impaired consciousness have a high incidence of hematoma 
enlargement. Although disturbance of consciousness is an 
independent predictor of hematoma growth, it is currently not 
considered an independent risk factor for hematoma growth 
because disturbance of consciousness occurs naturally after 
sICH and worsens with hematoma growth. Also, a causal 
correlation cannot be established between GCS score and 
early hematoma enlargement based on the observational 
studies. Becker et al. demonstrated that a low GCS score is 
associated with a less persistent bleeding tendency (5).

Previous studies have shown that NCCT special signs are 
associated with hematoma enlargement independently (2) 
because the NCCT application is broad and usually the first 
choice for neurosurgical diseases. The findings may have 
the significance to improve the prognosis and contribute 
towards expanding hematoma resistance crowd positioning, 
which might benefit from the crowd. Other studies (27,32) 
have shown that the stroke cascade may be the cause of 
continued enlargement of hematoma, and the initial bleeding 
may cause tearing of the peripheral blood vessels, leading to 

Table III: Comparison of Clinical Data Between sICH Patients in the Experimental Group and Control Group

Risk factors The Experimental Group (n=7) The Control Group (n=10)

Age (years; x ±s) 66.82 ± 14.14 68.43 ± 10.61

Male (n,%) 5 (62.50) 5 (50.00)

GCS score (M, IQR) 11.13 (9.13) 11.29 (10.14)

Hematoma volume (mL; M, IQR) 26.35 (20.51) 23.13 (10.25)

Hematoma mean HU (±s) 50.86 ± 2.83 51.95 ± 0.71

Island sign (n,%) 2 (28.57) 1 (10.00)

Mixed sign (n,%) 6 (85.71) 3 (30.00)

Black hole sign (n,%) 3 (42.86) 0 (6.67)

Liquid level sign (n,%) 1 (14.28) 0

NCCT special signs ≥2 and at least one of them is island 
sign or mixed sign (n,%) 6 (85.71) 1 (10.00)

Predictive score (M, IQR) 6.17 (6.10) 5.33 (2.6)

Note: Arithmetic mean; S: Standard deviation; N: Quantity; M: Arithmetic average; IQR: Quartile; HU: Hounsfield unit value.
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We also found that the mean HU of hematoma was negatively 
correlated with the increase in sICH during the initial NCCT 
scan (19). The increase in HU in the hematoma might reflect the 
contraction process of the in-situ clot. When bleeding occurs, 
platelets aggregate to form a temporarily closed environment, 
and fibrinogen is converted to fibrin polymer to form a 
viscoelastic thrombus, followed by clot contraction, which is 
the final step in the maturation of a blood clot to enhance its 
hemostasis. The lower the mean HU of a hematoma on the first 
NCCT scan, the higher the association with early hematoma 
enlargement, and it may reflect insufficient clot contraction 
for hemostasis. The mean HU of a hematoma shows a linear 
correlation with HBC and platelet count. The contraction 
of blood clots is driven by the contractile force of platelets 
and transmitted through the fibrin network (22,23,42). During 
this process, changes in the shape of the red blood cells 
occur that build up the clot in the first few hours. When the 
clot contracts, the HU of the clot increases as red blood cell 
compaction increases (43). The initial upward trend of HU of 
the hematoma in this study may reflect the dynamic process 
of clot contraction. The platelet cytoskeleton system provides 
clot contractility to the platelet fibrin network, which is stronger 
in the presence of red blood cells (11). Low density within a 
hematoma is a recently confirmed radiographic marker of early 
hematoma enlargement. Although the underlying mechanism 
may be unclear, it reflects persistent bleeding or local clot 
contraction (38). The mean HU value of the hematoma 
might provide an explanation for the re-enlargement of the 
hematoma, and the difference in mean HU value of the initial 
and subsequent stage dynamics suggests the hemostasis of 
clot contraction in sICH. The current results also suggested 
that the mean HU value in hematomas is a risk factor for 
early hematoma enlargement. The average HU of hematoma 
requires high image quality, is not as intuitive as that of NCCT 
special signs, and has certain limitations. However, the 
average HU of hematoma may be more predictive than signs 
of low density within the hematoma. With the development of 
imaging techniques, the quantitative analysis of the HU value 
of hematomas may help in identifying patients at high risk 
of ICH hematoma enlargement and guide the development 
of anti-expansion strategies for future clinical diagnosis and 
treatment.

sICH is a dynamic process, and the incidence of early 
hematoma enlargement decreases with the increase in the time 
interval from the onset to initial CT diagnosis (36,39,40,44). 
The earlier a patient is admitted to sICH, the more likely he/
she is to develop early hematoma enlargement. In several 
different rating scales (36,39,44), the initial CT diagnosis time 
was 2.5 hours, 3 hours and 5 hours, respectively. Obviously, 
the time of initial CT diagnosis varies from region to region, 
and its inclusion in the scoring system is only applicable to 
local conditions. The parameters indicate that China needs 
to strengthen the efforts to popularize relevant medical 
knowledge, guide sICH patients to see a doctor in time, and 
actively promote the construction of a stroke center system.

A previous study introduced the concept of hematoma growth 
(HG), i.e., HG=hematoma volume difference between newly 
diagnosed CT and reexamined CT/scan time interval between 

can be used as predictors of hematoma enlargement and poor 
functional prognosis with high specificity in the detection of 
hematoma enlargement. In addition to Li, who first described 
the hybrid sign and Black hole sign, Boulouis et al. (n=1029) 
and Morotti et al.  (n=989) also conducted two large studies, 
wherein NCCT-specific signs were independent predictors of 
hematoma enlargement (7,34). A recent meta-analysis of five 
studies (n=2248) (45) found that the combined sensitivity and 
specificity of the mixed syndrome were 0.39 (95% CI: 0.16-
0.46) and 0.92 (95% CI: 0.88–0.95), respectively, indicating 
that mixed syndrome has a low sensitivity and high specificity. 
Another meta-analysis of the five studies (47) (n=1495) showed 
that the combination sensitivity and specificity for Black hole 
signs were 0.30 (95% CI: 0.20-0.41) and 0.91 (95% CI: 0.87-
0.94), respectively. These findings suggested that NCCT-
specific signs are highly associated with early hematoma 
enlargement (26). For fluid level sign (21), the appearance of 
this sign could reflect the abnormal coagulation function of the 
patient, accompanied by the decrease in blood coagulation 
ability, persistent bleeding, and the change in body position, 
indicating stratified hematoma. Since the fluid level is rarely 
seen in patients with sICH, and only 3 patients in the data 
collected from the present study showed this sign, a larger 
database is needed for further analysis. Subsequently, 
various CT signs were summarized based on the above 
studies (7,28,29,34,41,45). The author found that the positive 
predictive value (40%) of low-density signs was extremely 
low, and hence, it was not included in the statistical data for 
analysis in this study.

On the other hand, after comparing the hematoma volume, 
the authors found that Island signs and Blend signs were 
mainly present in large hematomas (31/36 patients with Island 
signs had CT hematoma volume >18 mL at initial diagnosis. 
Among 45 patients with Blend signs, 36 had CT hematoma 
volume >18 mL at initial diagnosis. Therefore, hematoma 
volume is also an important independent predictor of early 
hematoma enlargement in sICH patients (18). To date, the 
inclusion criteria and clinical grading scales (including the 
sICH score) for most trials (9) have used a 30-mL hematoma 
cutoff to identify patients at risk of poor prognosis. However, 
in the study by Kim et al., 18 mL in the basal ganglia was the 
critical value of hematoma volume, with maximum sensitivity 
and specificity (21). Hematomas of >45 mL were significantly 
associated with high mortality, which was consistent with 
the results of the present study. In order to calculate the 
hematoma volume of irregular and discontinuous hematomas, 
we used 3D Slicer software after 3D reconstruction. Currently, 
clinicians use the ellipsoid method to measure sICH hematoma 
volume on NCCT (31). In most clinical situations, the ellipsoid 
method ((A×B×C) /2, where A is the front and rear diameter, 
B is the width, and C is the height) is sufficient. However, the 
hematoma volume calculated by the ellipsoid method is about 
20% larger than that calculated by the application software. 
Therefore, in patients with various indicators close to surgical 
indications, the application of the 3D reconstruction software 
provides an accurate assessment of the hematoma volume 
and prepares for emergency surgery. However, before surgery, 
3D Slicer software can also be used to locate the hematoma 
by mobile phone (37) and achieve the desired surgical effect.
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Nevertheless, the present study has the following limitations: 
(1) It has the inherent defects of a single-center study, and 
no intra-observer consistency study was conducted, which 
has some influence on the statistical results. (2) The statistical 
sample size is small. In addition, high-risk sICH patients are 
often excluded from the study due to the need for emergency 
surgical intervention or death or abandonment of treatment, 
leading to a decrease in clinical samples and statistical bias. 
Therefore, large sample size and multi-center study will 
be needed in the future to validate the scale. (3) After the 
first CT diagnosis of sICH patients, the time interval of CT 
reexamination could not be consistent, which might lead to 
data bias.

Main messages

1.  The number of deaths from stroke has been increasing 
year by year. To assess the risk of hematoma expansion, 
hematoma volume and NCCT (non-contrast CT signs) 
factors should be considered comprehensively in the initial 
diagnosis and treatment guidelines of CT.

2.  The patient’s data can be obtained at the first visit, so the 
scoring table established in this study can give full play to 
its timeliness in predicting the risk of sICH.

3.  The 3DSlicer software is used for three-dimensional re-
construction when calculating the volume of the hemato-
ma. The accuracy is much higher than that of the tradition-
al method, and it can be further positioned during surgical 
treatment, and has high clinical practical value.

█   CONCLUSION
The retrospective research verification and preliminary 
prospective verification emphasized that our score can 
accurately identify high-risk individuals with early hematoma 
enlargement, guide clinical treatment, provide a reference, 
and aid clinical trials. However, before the scoring can be 
applied to routine clinical work, a large-scale multi-center joint 
prospective study is essential.
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newly diagnosed CT and reexamined CT. The study showed 
that Hg ≥4.7 mL/h is an independent risk factor for hematoma 
enlargement, early neurological deterioration, and poor 
prognosis (24). However, as an outcome variable (at least two 
NCCT images at different time points were required), Hg was 
limited in the evaluation of acute sICH and hence, was not 
included in the statistical data in this study.

Although a causal correlation between anticoagulant use and 
hematoma enlargement seems logical, the risk of bleeding as-
sociated with anticoagulants is common in the gastrointestinal 
tract, and three cohort studies and three case-control studies 
reported an association between anticoagulants and hema-
toma enlargement in early sICH. In most studies, low-dose 
aspirin was not associated with a significantly increased risk 
of sICH. In case-control studies (15), low-dose aspirin ther-
apy was associated with a relative risk (RR) of 1.0 (95% CI: 
0.8–1.2) in sICH and not with early hematoma enlargement in 
sICH. In cohort studies, anticoagulants were associated with 
an RR of 1.5 (95% CI: 1.4-1.7) in patients with sICH, with a 
slight association with hematoma enlargement in early sICH. 
Notably, many rating scales (9,19,31,37) use warfarin as the 
representative of anticoagulant drugs. However, at present, 
the anticoagulant drugs are mainly aspirin, and hence, the 
current clinical utilization rate of the above rating scales may 
not be high.

Herein, we found that the high-risk factors associated with 
early hematoma enlargement in sICH were initial hematoma 
volume, GCS score, and special NCCT signs. Based on these 
factors, a scale for predicting early hematoma enlargement 
after sICH was established, and pilot study verification was 
performed. Since the data of initial hematoma volume, GCS 
score, and NCCT special signs are readily available at the time 
of initial diagnosis, the scale could be used to predict the risk 
of sICH. We also used the 3DSlicer software for 3D reconstruc-
tion in the calculation of hematoma volume and found that the 
accuracy was much higher than the traditional method, and it 
could be utilized in surgical treatment. The Kappa test showed 
good inter-observer consistency, indicating that NCCT signs 
are easier to identify, less affected by work experience, and 
even lower-level physicians can obtain more objective results. 
However, in the high-risk group, the prediction accuracy of 
the model was lower than in the previous two groups. The 
main reason is that the sample size of the pilot test is small, 
only 17 patients, so it may lead to a decrease in the accuracy 
of the model and an increase in error, and the sample size 
needs to be expanded to solve this problem in subsequent 
experiments. Compared to other international scoring tables, 
this scale is more suitable for the current medical environment 
in China. This study suggested stratified clinical management 
based on the patient prediction score scale. Patients at high 
risk of enlarged hematoma may require intensive care, trans-
fer to a higher-level medical center, and surgical treatment; 
patients at moderate risk need close attention and timely in-
tervention; Low-risk patients can be treated conservatively to 
avoid the waste of medical resources and iatrogenic injury.
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