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Background: Intraventricular hemorrhage (IVH) after intracerebral hemorrhage (ICH) is a strong
independent predictor of poor outcomes. Although the location and volume of ICH are associated with IVH,
our knowledge concerning the mechanism of IVH after ICH is still limited. This study aimed to investigate
the relationship between hematoma morphology and IVH in patients with supratentorial deep ICH.
Methods: We retrospectively analyzed adult patients (aged >18 years) with spontaneous supratentorial
deep ICH who underwent computed tomography (CT) within 48 h after ICH symptom onset in Peking
University First Hospital between January 2017 and August 2022. We collected the clinical and imaging
data of the patients and assessed hematoma morphology using several quantitative radiological parameters
including hematoma volume, sphericity index, A/B ratio (A: the largest area of hematoma; B: the largest
diameter 90° to A on the same slice), and our newly proposed largest diameter-midline angle (LMA).
Multivariable logistic regression analysis was used to analyze the relationship between these parameters and
the presence of IVH on the initial CT scan.

Results: Among 114 patients with spontaneous supratentorial deep ICH, 41 (36.0%) had IVH. In patients
with IVH, the sphericity index was lower than that in individuals without IVH, while the LMA was larger.
Multivariate logistic regression analysis showed that sphericity index [0.1-unit odds ratio (OR) =0.252;
95% CI: 0.089-0.709; P=0.009] and the LMA (10-unit OR =1.281; 95% CI: 1.007-1.630; P=0.04) were
independently associated with the presence of IVH in patients with supratentorial deep ICH. Univariate
analyses showed that hematoma volume, A/B ratio, sphericity index, and the LMA were significantly
associated with poor outcomes at discharge.

Conclusions: Two quantitative parameters of hematoma morphology, sphericity index and the LMA,
were significantly associated with the presence of IVH in patients with supratentorial deep ICH. Further

prospective studies with larger sample sizes are needed to validate our results.
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Introduction

Spontaneous intracerebral hemorrhage (ICH) is the
least treatable form of stroke, has a high mortality rate,
and accounts for approximately 10-30% of all strokes
worldwide (1). Intraventricular hemorrhage (IVH), which
occurs in 30-50% of patients with spontaneous ICH,
is a strong independent predictor of poor outcomes,
increasing mortality by up to 80% (2-6). Understanding
the risk factors and pathophysiology of IVH may help to
identify optimal therapeutic strategies. Multiple risk factors
contributing to IVH after ICH, including the location
and volume of hematoma, baseline arterial pressure,
and moderate to severe white matter lesions, have been
identified (4-9). Compared with lobar ICH, deep ICH
involves an anatomical juxtaposition with the ventricles
which makes them highly prevalent areas of IVH. A greater
volume of hematoma evidently results in an extension into
the ventricles because the ventricular system provides an
outlet for hematoma expansion with less resistance than the
brain parenchyma (4-7).

Prior studies have suggested that morphological features
of hematoma, such as margin irregularity, are associated
with hematoma expansion (10,11), but few studies have
analyzed the relationship between hematoma morphology
and IVH. Therefore, the objective of this study was to
explore the association of quantitative parameters of
hematoma morphology and the presence of IVH with the
initial computed tomography (CT) scan of the patients with
spontaneous supratentorial deep ICH. To this end, we used
hematoma segmentation software that can provide three-
dimensional (3D) volumetry and quantification. We present
this article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-266/rc).

Methods
Study patients

We conducted a retrospective review of a consecutive cohort
of patients with ICH admitted to Peking University First
Hospital between January 2017 and August 2022. Patients were
included if they met the following criteria: (I) age >18 years;
(I) spontaneous supratentorial deep ICH including the
thalamus, globus pallidus, putamen, caudate head, and
anterior and posterior limbs of the internal capsules; and (IIT)
baseline noncontrast cranial CT obtained within 48 h of
symptom onset. We excluded secondary hemorrhage due to
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other etiologies, such as aneurysm, vascular malformation,
tumor, head trauma, venous infarction, or hemorrhagic
transformation of ischemic infarction. We also excluded
those patients with isolated IVH. Considering an association
of ICH and chronic kidney disease and chronic liver
disease, we excluded any patients with these comorbidities,
the diagnosis of which was apparent in their medical history
(12,13). This study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013) and was
approved by the Ethics Committee of Peking University
First Hospital (No. 2022-743). Individual consent for this
retrospective analysis was waived.

Clinical data collection

Clinical data were abstracted from medical records,
including demographics (age and sex), medical history
(hypertension, diabetes mellitus, previous stroke, use of
antiplatelet agents or anticoagulants within 72 h of onset),
admission Glasgow Coma Scale (GCS) score, admission
systolic blood pressure (SBP), admission diastolic blood
pressure (DBP), admission glucose level, time to initial CT,
and the modified Rankin Scale (mRS) score at discharge.

Iimaging analysis

All CT images were acquired using a standard scanning
parameter of 5-mm-thick slices (GE HealthCare, Chicago,
IL, USA). The presence of IVH and parenchymal
hematoma location were assessed based on the initial CT
images. For further quantitative measurement, the CT
scans were then postprocessed using 3D-Slicer 4.11 (http://
www.slicer.org), an open-source medical image computing
platform. Hematoma was automatically identified pixel by
pixel in each slice after the thresholds were set at a range
of 50 to 100 Hounsfield units (HU). Then a 3D model
was constructed, and the volume and surface area were
automatically computed (14) (Figure I).

"To assess the irregularity of the hematoma shape, we used

the following sphericity definition as a shape irregularity
index (15):

7" (6v)"

Sphericity Index (SI) = o~
ea

(1]

where “V” represents the volume (in cubic centimeters) and
“Area” represents the surface area (in square centimeters)

of the hematoma. The SI quantifies the irregularity of the
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Figure 2 Axial CT images and 3D models with corresponding SI values of 2 patients with ICH. (A,B) Axial CT image and 3D model of a
patient with ICH and a regular hematoma shape. (C,D) Axial CT image and 3D model of a patient with ICH and an irregular hematoma
shape. 3D, three-dimensional; CT, computed tomography; SI, sphericity index; ICH, intracerebral hemorrhage.
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Figure 3 The LMA and 3D model of 2 patients with ICH. The LMA angle is the acute angle formed by the largest diameter of the

hematoma and the midline of brain on the slice with the largest area of hematoma. (A,B) The LMA and 3D model of a patient with thalamic
ICH. (C,D) The LMA and 3D model of a patient with putaminal ICH. The red area is the hematoma, and the blue area is the ventricular

system. LMA, largest diameter-midline angle; 3D, three-dimensional; ICH, intracerebral hemorrhage.

hematoma shape from a range of 0 (very irregular surface)
to 1 (perfectly regular surface) on a continuous scale
(Figure 2) (16,17).

We measured the largest diameter on the CT slice with
the largest area of hematoma (A) and the largest diameter
90° to A on the same slice (B), as mentioned in the classic
ABC/2 method (18). We calculated the A/B ratio to assess
the shape of the hematoma.

To describe the relative location of hematoma and
ventricles, we measured the acute angle formed by the
largest diameter of the hematoma and the midline of brain
on the slice with the largest area of hematoma, which
we termed the largest diameter-midline angle (LMA).
As shown in Figure 3, a large LMA indicates that the
hematoma is nearly perpendicular to the ventricles, while a

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

small LMA indicates that the hematoma is nearly parallel to
the ventricles.

Two experienced neurologists assessed all the images
independently. The intraclass correlation coefficient
(ICQ) of the hematoma volume, SI, LMA, and A/B ratio
were 0.991 (P<0.001), 0.969 (P<0.001), 0.796 (P<0.001),
and 0.711 (P<0.001), respectively. The average values of
these parameters were used in the subsequent analyses.
With regard to the categorical variables such as hematoma
location and the presence of IVH, a joint decision of both
reviewers was made in cases of disagreement.

Statistical analysis

Continuous variables are expressed as meanz standard
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deviation (SD) or median and interquartile range (IQR).
Categorical variables are presented as frequencies with
percentages. The demographic, clinical, and radiological
characteristics were compared between patients with
IVH and those without IVH using the chi-squared test,
Fisher exact test, Student’s ¢-test, or Mann-Whitney test
as appropriate. The relationship between the quantitative
parameters of hematoma morphology and the presence of
IVH was assessed with univariate and multivariate logistic
regression models. In the multivariable analyses, model 1
was adjusted for age and sex while model 2 was adjusted for
age, sex, medical history (hypertension, diabetes mellitus,
previous stroke, use of antiplatelet agents or anticoagulants
within 72 h of onset), admission SBP, admission DBP,
admission glucose, time to initial CT, and thalamic
involvement. The association of the quantitative parameters
of hematoma morphology and poor outcome at discharge
was assessed using a univariate logistic regression analysis.
Poor outcome was defined as an mRS score of 3-5 or death.
For all statistical analyses, statistical significance was set at
P<0.05. All statistical analyses were conducted using SPSS
version 23.0 (IBM Corp., Armonk, NY, USA).

Results
Baseline characteristics

In total, 114 patients with spontaneous supratentorial deep
ICH were included in the study. Of these, the hematoma
was located in the thalamus in 50 (43.9%) patients, the
lenticular nucleus in 49 (43.0%), the internal capsule in 11
(9.6%), and the caudate nucleus in 4 (3.5%). Moreover,
41 patients (36.0%) had IVH on the initial CT scan. The
baseline clinical and radiological characteristics of the
patients with and without IVH are shown in 7able 1. In
brief, a higher proportion of patients with severe ICH (GCS
score 3-8) and thalamic involvement and higher admission
glucose level were observed in the IVH group. The median
hematoma volume was 8.0 mL (IQR, 5.6-14.6 mL) in
patients with IVH compared to 4.3 mL (IQR, 1.5-11.9 mL)
in patients without IVH. Compared with patients without
IVH, those with IVH had a lower SI and A/B ratio and a
larger LMA.

Association of the quantitative parameters of hematoma
morphology and IVH

Table 2 details the association of the quantitative parameters
of hematoma morphology and the presence of IVH. Lower
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ST and larger LMA were significantly associated with IVH
in the unadjusted model. After adjustments were made for
age, sex, and other confounding variables, SI [0.1-unit odds
ratio (OR) =0.252; 95% CI: 0.089-0.709; P=0.009] and
LMA (10-unit OR =1.281; 95% CI: 1.007-1.630; P=0.04)
were still independently associated with IVH. There was
no significant association between hematoma volume, A/B
ratio, or IVH in the multivariable analyses.

Association of the quantitative parameters of hematoma
morphology and poor outcome at discharge

There were 60 patients (52.6%) who had a poor outcome
at discharge. Univariate analysis showed that hematoma
volume (OR =1.162; 95% CI: 1.079-1.251), SI (OR =0.359;
95% CI: 0.209-0.616), A/B ratio (OR =0.290; 95% CI:
0.121-0.693), and LMA (OR =1.141; 95% CI: 1.003-
1.298) were significantly associated with poor outcome at
discharge.

Discussion

In this study, we found that SI and LMA, 2 parameters used
for the quantitative evaluation of hematoma morphology,
were independently associated with the presence of IVH
in patients with supratentorial deep ICH. Patients with a
lower SI and a larger LMA may thus be at a higher risk of
IVH.

IVH is widely acknowledged to be an important predictor
of poor outcome in ICH, with multiple pathophysiological
mechanisms involved. The development of hydrocephalus
is generally considered to be the most severe consequence
of IVH (1,2). However, other studies have reported that in
patients with IVH without obstructive hydrocephalus, the
extent of IVH is still associated with clinical outcome, which
suggests the involvement of other mechanisms besides the
disturbance of cerebrospinal fluid circulation, such as the
impairment of ependymal and subependymal structures and
inflammatory intraventricular processes (19,20).

However, the mechanisms underlying the process by
which parenchymal hematoma enters the ventricular system
are much less well understood. Some studies have indicated
that hematoma location and volume, along with arterial
blood pressure fluctuation,are associated with hematoma
extension into the ventricles (4-7). However, there is
limited information concerning the relation between
hematoma shape and IVH. Our data showed that SI, which
quantitatively indicates the irregularity of the hematoma
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Table 1 Baseline characteristics of study participants

Variables Total (n=114) With IVH (n=41) Without IVH (n=73) P value

Demographic factor
Age, year 65.1 (13.6) 66.6 (13.5) 64.2 (13.7) 0.37
Female 31(27.2) 14 (34.1) 17 (23.3) 0.21

Medical history

Hypertension 97 (85.1) 35 (85.4) 62 (84.9) 0.95
Diabetes mellitus 27 (23.7) 12 (29.3) 15 (20.5) 0.29
Previous stroke 31(27.2) 13 (31.7) 18 (24.7) 0.42
Antiplatelet use (n=112) 18 (16.1) 6 (14.6) 12 (16.9) 0.75
Anticoagulant use (n=112) 6 (5.4) 4 (9.8) 2 (2.8) 0.19

Clinical and laboratory features

Admission GCS score (n=101) 0.03
9-15 90 (89.1) 25 (78.1) 65 (94.2)
3-8 11(10.9) 7(21.9) 4 (5.8)
Admission SBP, mmHg (n=96) 175.0 (160.0-198.5) 175.0 (164.0-189.5)  175.0 (153.0-203.0) 0.95
Admission DBP, mmHg (n=96) 99.5 (82.0-111.0) 92.0 (80.0-110.5) 100.0 (84.0-111.0) 0.29
Admission glucose, mmol/L (n=107) 7.2 (6.1-8.8) 7.5 (6.6-9.5) 6.8 (5.9-8.6) 0.02

Radiological features

Time to initial CT, hours 3.0 (1.0-10.3) 3.0 (1.0-5.5) 3.0 (1.0-24.0) 0.16
Hematoma volume, mL 6.0 (2.6-13.3) 8.0 (5.6-14.6) 4.3 (1.5-11.9) 0.003
Thalamic involvement 52 (45.6) 27 (65.9) 25(34.2) 0.001
Sl 0.72 (0.09) 0.69 (0.09) 0.74 (0.08) <0.001
A/B ratio’ 1.5(1.3-2.0) 1.5(1.2-1.8) 1.7 (1.3-2.1) 0.04
LMA, ° 37.5(12.0-70.3) 60.0 (32.5-78.0) 22.0 (10.0-65.0) <0.001

Values are reported as n (%), mean (SD), or median (IQR). ', A: the largest area of hematoma; B: the largest diameter 90° to A on the same
slice. IVH, intraventricular hemorrhage; GCS, Glasgow Coma Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; CT,
computed tomography; Sl, sphericity index; LMA, largest diameter-midline angle.

Table 2 Association of hematoma morphology and intraventricular hemorrhage

Unadjusted Model 1 Model 2
Variable
OR 95% Cl P value OR 95% ClI P value OR 95% Cl P value
Hematoma volume 1.021 0.990-1.053 0.19 1.001 0.959-1.044 0.98 0.986 0.923-1.054 0.69
Sl (per 0.1) 0.432 0.261-0.715 0.001 0.353 0.186-0.671 0.001 0.252 0.089-0.709 0.009
A/B ratio® 0.436 0.179-1.062 0.07 0.792 0.267-2.346 0.67 0.558 0.105-2.978 0.50
LMA (per 10°) 1.281 1.112-1.476 0.001 1.338 1.120-1.598 0.001 1.281 1.007-1.630 0.04

T, A: the largest area of hematoma; B: the largest diameter 90° to A on the same slice. Model 1: adjusted for age and sex. Model 2:
adjusted for age, sex, medical history (hypertension, diabetes mellitus, previous stroke, use of antiplatelet agents or anticoagulants within
72 h of onset), admission systolic blood pressure, admission diastolic blood pressure, admission glucose, time to initial CT, and thalamic
involvement. OR, odds ratio; Cl, confidence interval; Sl, sphericity index; LMA, largest diameter-midline angle; CT, computed tomography.
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shape, was associated with IVH. In previous reports, several
authors categorized the shape of the hematoma into round
and irregular (21-23), and the most commonly used method
of classification was the 5-point categorical scale proposed
by Barras er al. (24). As the shape of the hematoma is
extremely variable, the simple categorical scale is neither
as objective nor as accurate as is SI. Prior studies have
demonstrated that the irregularity of hematoma shape is
closely associated with hematoma expansion (10,11,25-27),
and margin irregularity may reflect multiple origins or
bleeding sources within the hematoma, which would be
more likely to progress along multiple tracks and manifest
as an irregular edge (10,24). Therefore, we speculated that
the association between SI and IVH is potentially mediated
by hematoma expansion.

We propose a novel parameter, LMA, to describe the
relative position of supratentorial deep hematoma and
ventricles. Interestingly, we found that LMA was associated
with IVH. ICH is often considered to be a dynamic
process rather than a static event (10,11,26-30). Hematoma
growth occurs in a nonuniform pattern (31,32), and the
largest diameter represents the main direction and trend of
hematoma development. In addition, we reconstructed a 3D
model of the hematoma and ventricles, which showed the
anatomical relationship between them more intuitively. The
presence of a larger LMA may suggest that the hematoma
is oriented toward the ventricles and can easily break into
the ventricles, which may explain the association between
LMA and IVH. Previous research points to ICH volume as
a risk factor of IVH (4). In our study, the patients with IVH
had a larger hematoma volume than those without IVH.
However, this difference became statistically nonsignificant
after adjustments were made for confounders, which may
be due to the fact that we only included those patients with
supratentorial deep ICH and excluded those with lobar ICH
and larger hematoma volume. However, owing to the small
sample size of this study, further confirmation is required.

Our study found an association of the 4 parameters of
hematoma morphology and poor outcome at discharge,
supporting their potential value for predicting ICH
outcome. However, as a retrospective study, patients’
outcome was measured at discharge, and a small sample
size limited the application of multivariable analysis. The
relationship between hematoma morphology and ICH
prognosis warrants further study.

As IVH was an independent predictor of poor outcome
after ICH, our study found an association between the
irregularity of hematoma shape and the relative position of
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hematoma and ventricles with IVH, a fact which may aid
in screening those ICH patients with a high risk of poor
outcome. Additionally, these findings may improve our
understanding of the development of IVH and provide
insights into the potential mechanism of IVH. Our work
also reinforces the merit of quantitative evaluation based on
a 3D reconstruction model in the study of IVH.

Our study had several limitations. First, although we
found an association between hematoma shape and IVH
on the initial CT scan, we employed a retrospective design,
and thus the temporal relation between hematoma shape
and IVH could not be established. Therefore, further
prospective study is needed to clarify their relationship.
Second, our study was performed in a single center with a
small sample size; however, this dataset was homogeneous
with regard to the study protocol. Furthermore, we
excluded patients with lobar ICH, which limits the
generalizability of our results. Third, a previous study
reported that the risk factors of IVH after ICH include
the location and volume of hematoma, baseline arterial
pressure, and moderate-to-severe white matter lesions (4-9).
In our study, the multivariate analysis indicated that SI
and LMA were significantly associated with IVH after
adjustments were made for age, hematoma location, and
baseline arterial pressure. However, we used a cross-
sectional analysis and thus cannot establish a temporal
relationship. Further studies are needed to assess the
predictive value of the radiological parameters of hematoma
and compare them with the currently employed predictors.

Conclusions

ST and LMA, 2 parameters of hematoma morphology, were
found to be independent risk factors of IVH in patients with
supratentorial deep ICH. Due to the retrospective nature
of our study design, further prospective research with larger
sample sizes is needed to validate our results.
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