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Background: Hematoma expansion (HE) is an important risk factor for poor prognosis in patients with
hypertensive intracerebral hemorrhage. This study aimed to establish a nomogram model for predicting HE,
and evaluate the model.

Methods: The clinical data and plain computed tomography (CT) scan signs of 341 patients with
hypertensive intracerebral hemorrhage were retrospectively analyzed. According to the development of
HE, the patients were divided into an HE group (100 cases) and a non-HE group (241 cases). The clinical
data and CT scan signs of the patients in these two groups were compared. Variables that had statistically
significant differences were included in the multivariate logistic regression analysis to screen for independent
predictors of HE and establish a nomogram model. The discrimination, calibration, and clinical practicability
of this model were evaluated using the receiver operating characteristic (ROC) curve, calibration curve, and a
decision curve analysis (DCA), respectively. Finally, the internal validation of this model was performed using
the bootstrap method.

Results: The time interval from disease onset to the first CT [odds ratio (OR) =0.807, 95% confidence
interval (CI): 0.665-0.979], volume of the hematoma at the first CT (OR =1.017, 95% CI: 1.001-1.033),
irregular shape of the hematoma (OR =2.458, 95% CI: 1.355-4.456), swirl sign (OR =2.308, 95% CI: 1.239-
4.298), and blend sign (OR =2.509, 95% CI: 1.304-4.830) were independent predictors of HE (all P<0.05).
These factors were used to establish a nomogram model. The area under the ROC curve of the model was
0.762 (95% CI: 0.703-0.821). The results of the Hosmer-Lemeshow test and calibration curves showed that
the predictive probabilities of the model fit the actual probabilities well. The DCA results showed that the
domain probability range of the model was wide. The internal validation results showed that the C-index was
0.751, and the model’s discrimination was good.

Conclusions: The nomogram model established in this study had good discrimination, calibration,
and clinical practicability. The model could serve as an intuitive and reliable guiding tool for the clinical

identification of HE risk of hypertensive intracerebral hemorrhage.
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Introduction

Intracerebral hemorrhage is the second most common
form of cerebral stroke, and accounts for 10-20% of all
cerebral strokes. The mortality rate of patients within
1 month of cerebral hemorrhage is as high as 40% (1).
Hypertensive intracerebral hemorrhages account for
50-70% of all spontaneous intracerebral hemorrhages, and
the incidence of hypertensive intracerebral hemorrhages
continues to increase as the population ages (2). The
main causes of hypertensive intracerebral hemorrhage
are cerebrovascular atherosclerosis, hyaline degeneration,
micro aneurysm formation and focal dilatation caused
by long-term hypertension (1). Hematoma expansion
(HE) is an important risk factor for the poor prognosis
of patients with intracerebral hemorrhage, and has an
incidence of approximately 13-38% (3). In the mechanism
of HE, persistent bleeding at the primary bleeding site
or peripheral vascular injury bleeding is the main cause
of HE (4). The development of HE is closely associated
with neurological deterioration. It has been reported that
a 1 mL increase in hematoma volume is associated with a
5% [95% confidence interval (CI): 2-9%] higher risk of
death or dependency (5). Thus, the prevention of HE is an
important treatment strategy for patients with intracerebral
hemorrhage.

At present, the variables that have been proposed as
predictors of HE include clinical factors, such as systolic
blood pressure, the Glasgow Coma Scale (GCS) score,
and the use of anti-platelet and anti-coagulant drugs (3),
laboratory indicators, including coagulation function status,
platelet level, blood glucose, and low-density lipoprotein
cholesterol (LDL-C) level (6), and imaging signs, such as
an irregular hematoma shape, heterogeneous hematoma
density, black hole sign, swirl sign, blend sign, island sign,
satellite sign, fluid level sign, and computed tomography
(CT)-angiography (CTA) spot sign (7). However, regardless
of whether a clinical factor, a laboratory indicator, or
an imaging sign is used, it is still challenging to predict
the occurrence of HE using a single factor, and doing so
reduces the sensitivity and specificity of predicting HE.

Nomogram is a quantitative analysis diagram that uses a
cluster of disjoint line segments to represent the functional
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relationship between multiple variables in cartesian
coordinate system. It is the visualization of the results of
logistic regression and Cox regression equation. It can
directly use the graph to calculate the incidence of an event,
which has been widely applied to oncology research (8). At
present, there are only a few studies on the prediction of
HE in hypertensive intracerebral hemorrhage by nomogram
model, for example, Zhang ez al. (9) incorporated the time
of initial CT, NIHSS score, CTA spot sign, hypodensities,
blend sign and international normalized ratio (INR) to
build a nomogram model, in which CTA spot sign plays
an important role. However, when some patients cannot
perform CTA due to renal insufficiency or contrast medium
allergy, the model has limited application.

Thus, this study aimed to comprehensively use
clinical factors, laboratory indicators, and plain CT scan
imaging signs to establish a clinical prediction model for
the prediction of HE. Each index can be obtained after
completing CT plain scan, which is more convenient and
quicker. This model was visualized using a nomogram and
was evaluated from multiple angles.

We present the following article in accordance with the
TRIPOD reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3569).

Methods
Patient selection

The data of patients with hypertensive intracerebral
hemorrhage treated at the Chongqing University Central
Hospital, China between January 2017 and July 2021 were
retrospectively and continuously collected using the Picture
Archiving and Communication Systems (PACS).

Inclusion criteria
Patients were eligible for inclusion in the study if they met
the following inclusion criteria:

() Had an accurate history of hypertension (hypertension
was defined as systolic pressure >140 mmHg and/or
diastolic pressure >90 mmHg) (10);

(IT) Had received their first CT scan within 6 h of
disease onset;
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A total of 1,349 patients with hematoma in the brain parenchyma between 1-2017 and
7-2021 were retrospectively and continuously collected using PACS

Y

209 cases were excluded due to brain trauma

1,140 patients with spontaneous intracerebral hemorrhage

Y

Y

88 cases were excluded:

Aneurysm rupture and hemorrhage (29 cases)

Vascular malformation hemorrhage (34 cases)

Tumor hemorrhage (8 cases)

Hemorrhagic transformation of cerebral

infarction (6 cases)

e Hemorrhage for unknown reasons (no
Hypertension history and normal blood
pressure after multiple measurements at
admission) (11 cases)

1,052 cases of hypertensive intracereb

ral hemorrhage

711 cases were excluded:
e Time from disease onset to first CT
examination longer than 6 h (48 cases)
e CT re-examination not performed within 24 h
of di onset (444 cases)

Y

Y

* Received surgical treatment before CT
examination (192 cases)

e CT images had poor quality and could not be
evaluated (13 cases)

e Boundary with the intraventricular hemorrhage
was not clear and hematoma volume could not
be measured (14 cases)

research

341 patients with hypertensive intracerebral hemorrhage were finally included in this

Figure 1 The flow chart for patient screening. PACS, Picture Archiving and Communication Systems; C'T, computed tomography.

(IIT) Had completed a CT re-examination within 24 h
of disease onset; and

(IV) Had a hemorrhage that was located in the brain
parenchyma, including the basal ganglia, thalamus,
brain lobes, brainstem, and cerebellum.

Exclusion criteria
Patients were excluded from the study if they met any of the
following exclusion criteria:

(I) Had secondary intracerebral hemorrhage caused
by brain trauma, cerebrovascular malformations,
aneurysms, and tumors;

(II) Had ischemic cerebral infarction hemorrhagic

transformation;
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(IIT) Had a primary intraventricular hemorrhage;

(IV) Had undergone surgical treatment (e.g., hematoma
removal or puncture drainage) before the CT
examination; and/or;

(V) Had images of poor quality that could not be

accurately evaluated.

The patient screening process is shown in Figure 1.
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). Our research was approved
by the Ethics Committee of The Fourth People’s
Hospital of Chongqing (No. 2021-62). This study was
a retrospective study and was exempted from signing
informed consent.
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Instrument and image collection

Image collection was performed using Lightspeed VCT
64-slice spiral CT (GE) and UCT760 64-slice spiral CT
(United Imaging) for the cranial plain CT scan. The scan
range was from the base of the skull to the top of the skull,
the slice thickness was 5 mm, the slice interval was 0 mm,
the tube voltage was 120 KV, and the tube current was
200-238 mAs.

Hematoma volume calculation and patient grouping

The ABC/2 Coniglobus formula was used to calculate
hematoma volume (11,12), where A is the longest diameter
of the largest layer of the hematoma on the axial CT
images, B is the longest diameter perpendicular to A in that
layer, and C is the depth of the hematoma perpendicular
to that layer. The hematoma volume at the first CT scan
(V1) and the hematoma volume at the last CT examination
within 24 h of disease onset (V2) were calculated separately.
Definition of HE and patient grouping: According to the
standard definition for HE proposed in literature (13,14),
HE was defined as a V2 that is larger than V1 by more
than 33% or an absolute increase greater than 6 mL. The
patients were divided into the HE and non-HE groups.

Observation indicators

Clinical data included the patients’ age and sex, GCS
score at admission, systolic pressure, diastolic pressure,
diabetes mellitus history, smoking history, past cerebral
stroke history, and time from disease onset to the first
CT. Laboratory indicators included the platelet count
within 24 h of admission, activated partial thromboplastin
time, international normalized ratio, and fibrinogen,
urea, creatinine, uric acid, C-reactive protein, high-
density lipoprotein cholesterol (HDL-C), LDL-C, and
apolipoprotein Al (ApoAl) levels. Plain CT scan signs
included the hematoma volume at the first CT, hematoma
location, irregular hematoma shape, heterogeneous
hematoma density, black hole sign, swirl sign, blend
sign, island sign, satellite sign, fluid level sign, degree
of cerebral midline displacement, combined ventricular
system hemorrhage, and subarachnoid hemorrhage.
The identification and interpretation of CT plain scan
signs were based on the definitions and requirements
of the Standards for Detecting, Interpreting, and Reporting
Noncontrast Computed Tomographic Markers of Intracerebral
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Hemorrhage Expansion (7). Hematoma volume measurement
and observation and the identification of plain CT scan
signs were independently performed by 2 neuroimaging
physicians with 5 years of experience under double-blinded
conditions. When the results were not consistent, the 2
physicians discussed them until a consensus was reached.

When the missing values for an observation indicator
data were >20%, the observation indicator was excluded.
When the missing values were <20%, they were filled in
using the average value for the sequence.

Statistical analysis

Statistical analyses were performed using SPSS (version
26.0). The receiver operating characteristic (ROC) curve,
nomogram, calibration chart, decision curve analysis (DCA),
and internal validation were completed using R software
(version 4.0.0). The normality of all the measurement
data was tested using the Kolmogorov-Smirnov method.
Continuous variables that conformed to a normal
distribution are expressed as mean + standard deviation
(£s), and were examined using the independent samples
t-test. Continuous variables that did not conform to a
normal distribution are expressed as median (interquartile
range), and were examined using the Mann-Whitney
U test. Categorical variables are expressed as frequency
(percentage), and were examined using the chi-square test
or Fisher’s exact test. The kappa test was used to evaluate
the consistency of HE as determined by the 2 physicians
using the measurement of hematoma volume.

The clinical data and CT plain scan signs of patients
with HE and non-HE groups were compared, and
the statistically significant variables were included in
multivariate logistic regression. A backward stepwise
regression was performed based on the principle of the least
Akaike information criterion (AIC) to screen independent
predictors associated with HE. Next, the rms package in
R software was used to establish a nomogram model for
predicting HE.

The ROC curve and Hosmer-Lemeshow test (for which a
P value >0.05 indicated a good fit) were used to evaluate the
discrimination and calibration abilities of the model. The
model’s goodness of fit was depicted using the calibration
curve. The model’s net benefit was evaluated using DCA to
guide clinical decision making. The area under the ROC
curve (AUC), diagnostic accuracy, sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) of the model were calculated, and a nomogram
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was plotted to visualize the model’s results. Internal
validation of the model was performed using 1,000-times
bootstrapping, and the consistency index (C-index) was
calculated. The test was bilateral at a level of a=0.05.

Results

Comparison of the clinical data and plain CT scan signs of
the patients in the two groups

A total of 341 patients were included in this research. There
were 100 patients (29.3%) in the HE group and 241 patients
(70.7%) in the non-HE group. The 2 physicians’ findings of
HE were mostly consistent, and the kappa value was 0.901.
The comparison of the two groups showed statistically
significant differences in the time from disease onset to the
first CT scan, hematoma volume at the first CT, GCS score
at admission, irregular hematoma shape, heterogeneous
hematoma density, swirl sign, blend sign, black hole sign,
island sign, satellite sign, fluid level sign, degree of cerebral
midline displacement, and subarachnoid hemorrhage (all
P<0.05; see Table 1). The percentages of missing values for
C-reactive protein, HDL-C, LDL-C, and ApoAl were
36.9%, 31.4%, 31.4%, and 31.4%, respectively. There were
many missing values (all >20%); thus, these observation
indicators were excluded.

Multivariate logistic regression analysis of HE

Variables that differed significantly between the two groups
were included in the multivariate logistic regression analysis.
Screening using the backward stepwise regression based on
the principle of the least AIC (AIC =350.91) showed that
the time interval from disease onset to the first CT scan,
hematoma volume at the first CT, irregular hematoma
shape, swirl sign, and blend sign were independent
predictors of HE (all P<0.05; see Table 2).

Establishment and evaluation of the nomogram model

The rms package in R software was used to establish the
nomogram model for the prediction of HE (see Figure 2).
The score for each independent predictor corresponded to
values on the upper side of the scoring scale. The total score
for each patient was the sum of the score value for each
independent predictor. The total score corresponded to the
value on the risk axis, which indicated the risk of developing
HE. The risk of developing HE was higher when the total
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score was higher.

The AUC of this nomogram model was 0.762 (95%
CI: 0.703-0.821). The prediction effect of this model
was good (see Figure 3). The accuracy of this model for
predicting HE was 79.5%, the sensitivity was 49.0%,
the specificity was 92.1%, the PPV was 72.1%, and the
NLR was 81.3%. The Hosmer-Lemeshow test (x’=14.61;
P=0.067) and calibration curve showed that the probability
predicted by this model had a high degree of fit to the
actual probability (see Figure 4). A DCA was conducted to
evaluate the clinical practicability of this nomogram model.
This nomogram model had a large domain probability
range (Figure 5), indicating that its clinical practicability
was strong. The internal validation results showed that
the C-index was 0.751, and the discrimination level of this
model was excellent. Collected 2 patients with hypertensive
intracerebral hemorrhage in August 2021, and applied this
nomogram model to them to predict the risk of hematoma
expansion (Figures 6,7).

Discussion

This research examined clinical factors, laboratory
indicators, and CT plain scan signs, and found that the
time from the disease onset to the first CT scan, hematoma
volume at the first CT scan, irregular hematoma shape,
the swirl sign, and the blend sign were independent
predictors of the development of early HE in patients with
hypertensive intracerebral hemorrhage. Additionally, a
clinical prediction model was established and presented in
the form of a nomogram. A multiangle valuation of this
model showed that its discrimination, calibration, and
clinical practicability were all good. The developed model
could be used as an intuitive and reliable tool for the early
clinical identification of patients at risk of developing HE.
Hypertensive intracerebral hemorrhage is a spontaneous
non-traumatic intracerebral hemorrhage. It is the common
cerebrovascular disease among middle-aged and elderly
people (15). It has very high morbidity and mortality,
and its incidence is increasing yearly with the aging of
the population (2,16). Some studies have shown that
hypertension is more likely to be associated with a large
intracranial hematoma volume and the development of
HE. In addition, controlling the systolic blood pressure at
50 mmHg could reduce the risk of HE (3,17). Lord ez al. (18)
showed that the development of neurological deterioration
in the hyperacute (within 1 h) and acute (within 24 h)
periods after intracerebral hemorrhage was associated with
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Table 1 Comparison of the clinical data and plain CT scan signs of patients with hypertensive intracerebral hemorrhage in the HE group and the

non-HE group

Category HE group (n=100) Non-HE group (n=241)  t/Z/¢* value P value
Sex (male), n (%) 78 (78.0) 164 (68.0) 3.396 0.065
Age (years), M (IQR) 58.5 (50.0, 67.0) 61.0 (51.0, 69.0) -0.748 0.455
Hematoma location, n (%) 4.259 0.235

Basal ganglia or thalamus 85 (85.0) 198 (82.2)

Brain lobes 6 (6.0) 8 (3.3)

Brainstem 2 (2.0) 16 (6.6)

Cerebellum 7 (7.0) 19 (7.9)
Time from disease onset to first CT scan (h), M (IQR) 2.00 (1.06, 3.00) 2.50 (1.50, 4.00) -2.450 0.014*
GCS score at admission (points), M (IQR) 10.00 (9.00, 12.00) 12.00 (10.00, 13.00) -4.540 <0.001*
Systolic pressure at admission (mmHg), x+s 176.60+£24.13 176.15+£23.17 -0.162 0.872
Diastolic pressure at admission (mmHg), x+s 102.99+15.77 101.43£17.22 -0.780 0.436
Diabetes mellitus history, n (%) 11 (11.0) 24 (10.0) 0.083 0.773
Smoking history, n (%) 25 (25.0) 40 (16.6) 3.234 0.072
Past cerebral stroke history, n (%) 9(9.0) 17(7.1) 0.380 0.538
Platelet count (x10%L), M (IQR) 184.00 (147.25, 228.00) 190.00 (154.50, 225.00) -0.827 0.408
Activated partial thromboplastin time (s), M (IQR) 33.30 (30.50, 35.85) 33.40 (30.95, 35.85) -0.292 0.770
International normalized ratio, M (IQR) 0.98 (0.94, 1.04) 0.99 (0.94, 1.04) -0.563 0.574
Fibrinogen (g/L), M (IQR) 3.13 (2.48, 3.63) 3.14 (2.69, 3.56) -0.039 0.969
Urea (mmol/L), M (IQR) 5.51 (4.48, 6.90) 5.20 (4.26, 6.33) -1.284 0.199
Creatinine (mmol/L), M (IQR) 67.50 (55.25, 79.60) 63.40 (51.50, 78.05) -1.415 0.157
Uric acid (mmol/L), M (IQR) 362.99 (299.75, 448.00)  346.00 (285.00, 410.00) -1.741 0.082
First CT hematoma volume (mL), M (IQR) 31.52 (13.96, 48.06) 12.53 (6.59, 23.97) -6.507 <0.001*
Irregular hematoma shape, n (%) 67 (67.0) 72 (29.9) 40.339 <0.001*
Heterogeneous hematoma density, n (%) 15 (15.0) 11(4.6) 10.928 0.001*
Black hole sign, n (%) 12 (12.0) 13 (5.4) 4.539 0.033*
Swirl sign, n (%) 47 (47.0) 41 (17.0) 33.193 <0.001*
Blend sign, n (%) 31(31.0) 31(12.9) 15.628 <0.001*
Island sign, n (%) 42 (42.0) 33(13.7) 33.008 <0.001*
Satellite sign, n (%) 60 (60.0) 80 (33.2) 20.984 <0.001*
Fluid level sign, n (%) 10 (10.0) 6 (2.5) 8.914 0.003*
Midline displacement (mm), M (IQR) 4.35 (0.00, 6.18) 2.20 (0.00, 4.10) -4.588 <0.001*
Ventricular system hemorrhage, n (%) 33 (33.0) 96 (39.8) 1.403 0.236
Subarachnoid hemorrhage, n (%) 17 (17.0) 20 (8.3) 5.532 0.019*

*, P<0.05, indicating that the difference was statistically significant. HE, hematoma expansion; CT, computed tomography; GCS, Glasgow
Coma Scale; M, median; IQR, interquartile range; x, mean; s, standard deviation.
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Table 2 Multivariate logistic regression analysis of factors related to HE

Factor B value SE Wald y? value OR value (95% ClI) P value
Time from disease onset to the first CT scan (h) -0.214 0.099 4,718 0.807 (0.665, 0.979) 0.030*
Hematoma volume on first CT scan (mL) 0.017 0.008 4.521 1.017 (1.001, 1.033) 0.033*
Irregular hematoma shape 0.899 0.304 8.772 2.458 (1.355, 4.456) 0.003*
Swirl sign 0.836 0.317 6.947 2.308 (1.239, 4.298) 0.008*
Blend sign 0.920 0.334 7.586 2.509 (1.304, 4.830) 0.006*

*, P<0.05, indicating that the difference was statistically significant. HE, hematoma expansion; CT, computed tomography; B, regression
coefficient; SE, standard error; OR, odds ratio; Cl, confidence interval.
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Figure 2 The nomogram for predicting HE in hypertensive intracerebral hemorrhage patients. HE, hematoma expansion. CT, computed

tomography; mL, milliliter; h, hour.

HE (ORs =3.60 and 7.59, respectively, and 95% Cls: 1.76-
7.6 and 3.91-14.74, respectively). Therefore, preventing
HE is one of the important strategies for the treatment
of patients with hypertensive intracerebral hemorrhage.
At present, the prevention of HE mainly focuses on
blood pressure control, hemostatic treatment and blood
glucose management (3), among which the control of
blood pressure plays an important role. Li er /. (19)
found that ultra-early intensive blood pressure reduction
treatment of intracerebral hemorrhage was related to
reducing the risk of HE (OR =0.56, 95% CI: 0.34-0.92).

However, high-intensity antihypertensive therapy can

© Annals of Palliative Medicine. All rights reserved.

lead to ischemia of brain tissue around and far away from
the hematoma (20), and reduce the benefits of intensive
blood pressure reduction treatment to patients. Therefore,
targeted selection of patients with high risk of HE is key for
intensive antihypertensive treatment. Thus, predicting the
risk of developing HE has important clinical significance for
the treatment of hypertensive intracerebral hemorrhage.
Previous studies indicated that HE is associated with
many risk factors. The CTA spot sign is an independent
risk factor for HE. Demchuk et al. (21) showed that the
CTA spot sign had 51% sensitivity and 85% specificity in
the prediction of HE, and included it in a 9-point scoring
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Figure 3 The ROC curve of the nomogram model for predicting
HE in hypertensive intracerebral hemorrhage patients. ROC,
receiver operating characteristic; HE, hematoma expansion; AUC,

area under curve.
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Figure 4 The calibration curve of the nomogram model for
predicting HE in hypertensive intracerebral hemorrhage patients.

HE, hematoma expansion.

system (22). However, because in clinical practice, CTA
images cannot always be acquired in a timely manner for
reasons such as a contrast agent allergy, renal insufficiency,
or patient non-cooperation during examination, its
inclusion in a scoring system for the prediction of HE
would reduce the timeliness and effectiveness of the system.
All'S of the predictors included in this study can be acquired
immediately after the completion of the first CT scan and
are faster and more convenient to acquire than CTA signs.
In this research, the time from disease onset to the
first CT scan referred to the interval between the onset
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Figure 5 The DCA curve of the nomogram model for predicting
HE in hypertensive intracerebral hemorrhage patients. DCA,

decision curve analysis; HE, hematoma expansion.

of clinical symptoms and the first CT examination. Many
previous studies have confirmed that the time from disease
onset to the first CT scan is an independent predictor
of HE (9,23,24). HE after an intracerebral hemorrhage
usually occurs 3-6 h after the hemorrhage. After 24 h, the
hematoma volume is usually stable (25). The possibility
of detecting an unstable hematoma on CT examination
is higher in the early stage after disease onset; thus, the
possibility of detecting HE in the subsequent CT re-
examination is also higher. The nomogram model in this
study showed that when the time from disease onset to
the first CT scan was shorter, the model score was higher,
and the probability of HE development was higher. The
hematoma volume at the first CT scan was associated with
the development of HE. Many studies indicated that the
hematoma volume at the first CT scan was an independent
predictor of HE (14,24,26) and was closely associated with
the patient’s prognosis and neurological deterioration (18).
Under the HE clinical prediction scoring system, both
the time from disease onset to the first CT scan and the
hematoma volume at the first CT scan were included in the
9-point and 24-point scoring systems (22,27).

The plain CT scan signs included in this model,
including the irregular hematoma shape, swirl sign, and
blend sign, were all significantly associated with HE. In
terms of the mechanism of HE development, persistent
hemorrhage at the original bleeding site or secondary
hemorrhage from peripheral vascular injury were major
reasons for HE (28). Barras et a/. (29) showed that
irregular hematoma shape was associated with secondary
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Figure 6 Brain CT plain scan of patient with hypertensive intracerebral hemorrhage, male, 65 years old. (A) He was admitted to the hospital
1 hour after onset. The volume of hematoma was about 61 mL, regular hematoma shape, and swirl sign (black arrow) and blend sign (white
arrow) were visible. The scores of 5 items in the nomogram were 50, 0, 41, 45, and 52.5 respectively. Total score is 188.5 and the risk of
developing hematoma expansion is 71%. (B) CT re-examination 10 hours after onset, the hematoma volume increased. CT, computed

tomography.

Figure 7 Brain CT plain scan of patient with hypertensive intracerebral hemorrhage, male, 70 years old. (A) He was admitted to the hospital
5 hours after onset. The hematoma volume was about 6 mL, with regular hematoma shape and no swirl sign and blend sign. The scores of
5 items in the nomogram were 5, 0, 0, 0 and 11 respectively. Total score is 16 and the risk of developing hematoma expansion is 7%. (B) CT

re-examination 11.5 hours after onset showed that the hematoma volume did not increase. CT, computed tomography.
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hemorrhage at the hematoma margin. They formulated a
5-point scoring system in which 1 point indicated that the
hematoma had regular morphology and no lobes, 2 points
indicated the presence of 1 lobe, and so on up to 5 points;
1-2 points indicated regular hematoma shapes, and 3-5
points indicated irregular hematoma shapes. The meta-
analysis study of Yu et 4l. (30) showed that the prediction
of HE using irregular hematoma shape had 67% sensitivity
and 47% specificity. Thus, irregular hematoma shape can
be used as a predictor of HE, but its specificity is low. The
swirl sign is defined as the presence of 1 or more round,
striped, or irregular low-density areas in high-density
hematomas. It has been confirmed to be an independent
predictor of HE in many studies (24,31,32). A meta-
analysis (33) showed that the swirl sign had 45% sensitivity
and 79% specificity in the prediction of HE. Thus, its
specificity is high in the prediction of HE. The blend sign is
defined as the presence of relatively low- and high-density
areas in hematomas. The boundary between the 2 types of
areas is clear, and the density difference is >18 Hu. It has a
sensitivity of 13-42.86% and a specificity of 88.51-95.5%,
and many studies have confirmed that it is a risk factor for
HE (34,35).

Currently, there many HE prediction models and
scoring systems available. However, there are fewer reports
on the establishment of prediction models using the
nomogram form. This research used a total of 5 indicators
to establish a nomogram model. It included the clinical
indicator of the time from disease onset to the first CT
scan and the imaging indicators of hematoma volume at
the first CT scan, irregular hematoma shape, the swirl
sign, and the blend sign. All of these indicators can be
acquired immediately after the completion of the first CT
examination. Thus, this model is convenient, fast, and time
sensitive. This research performed a multiangled evaluation
of the discrimination, calibration, and clinical practicability
of this model, and the results confirmed that the model is
reliable and effective. In addition, this model is presented
in the form of an intuitive nomogram that can be easily
disseminated and applied in clinical practice and can help
clinicians to quickly identify patients at risk of HE and take
timely measures for monitoring and treatment. Thus, this
model can improve patient prognosis and reduce the risk of
neurological deterioration to some extent.

This research had a number of limitations. First, this
was a single-center study, the number of positive cases
was low, and there was no external validation. Thus, the
number of cases should be increased, or further multicenter
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research should be conducted. Second, the clinical factors
and laboratory indicators included in this research were
limited; for example, laboratory indicators, such as blood
lipid and C-reactive protein levels, were not included in
this research because the percentages of missing values
were large (missing rates >20%). Thus, some risk factors
associated with HE might be not have been considered.
Third, this was a retrospective study, and the follow-up of
treatment protocols and prognosis was lacking. Thus, the
results cannot be used to guide the formulation of clinical
protocols or determine the prognosis of patients. Further
prospective studies will be conducted to establish a model
that can provide greater guidance for patient treatment.
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