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Background and purpose: The clinical features of intracranial cerebral
hemorrhage (ICH) and the risk factors for hematoma expansion (HE) have been
extensively studied. However, few studies have been performed in patients who
live on a plateau. The natural habituation and genetic adaptation have resulted in
differences in disease characteristics. The purpose of this study was to investigate
the differences and consistency of clinical and imaging characteristics of patients
in the plateaus of China compared with the plains, and to analyze the risk factors
for HE of intracranial hemorrhage in the plateau patients.

Methods: From January 2020 to August 2022, we undertook a retrospective
analysis of 479 patients with first-episode spontaneous intracranial basal ganglia
hemorrhage in Tianjin and Xining City. The clinical and radiologic data during
hospitalization were analyzed. Univariate and multivariate logistic regression
analyzes were used to assess the risk factors for HE.

Results: HE occurred in 31 plateau (36.0%) and 53 plain (24.2%) ICH patients,
and HE was more likely to occur in the plateau patients compared with the plain
(p=0.037). The NCCT images of plateau patients also showed heterogeneity of
hematoma imaging signs, and the incidence of blend signs (23.3% vs. 11.0%,
p=0.043) and black hole signs (24.4% vs. 13.2%, p=0.018) was significantly higher
than in the plain. Baseline hematoma volume, black hole sign, island sign, blend
sign, and PLT and HB level were associated with HE in the plateau. Baseline
hematoma volume and the heterogeneity of hematoma imaging signs were
independent predictors of HE in both the plain and plateau.

Conclusion: Compared with the plain, ICH patients in the plateau were more
prone to HE. The patients showed the same heterogeneous signs on the NCCT
images as in the plain, and also had predictive value for HE.

plateau, intracranial cerebral hemorrhage, hematoma expansion, heterogeneity, risk
factors
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Introduction

Hematoma expansion (HE) occurs in 40% of patients with
untreated intracranial cerebral hemorrhage (ICH), and even a small
amount of hematoma growth increases the chance of death and
neurological deficits (1, 2). The clinical features of ICH and the risk
factors associated with HE have been extensively studied, but most
studies have been conducted in populations residing in plain cities.

The incidence of ICH in China was distributed in a north-south
gradient, with a much higher incidence rate on the Qinghai-Tibetan
plateau (3, 4). The highland resident population is different from the
general population due to natural habituation, physiological
compensation, and genetic adaptation to the unique environment (low
oxygen, low atmospheric pressure, low temperature, and intense
ultraviolet radiation, etc.) over a long period of time, which makes them
unique (5).

There is a lack of description of ICH in the highlands. Are the
existing risk factors for predicting HE and the heterogeneity of
hematoma imaging signs in non-contrast computed tomography
(NCCT) also applicable to the plateau? The answers to such questions
have not been reported in studies. The purpose of this study was to
investigate the consistency and differences of clinical and imaging
features of ICH in the Chinese plateaus and plains, and analyze the
risk factors for HE in the plateaus, to provide a reference for treatment
decisions for patients with ICH in the plateau.

Materials and methods
Study design and participants

We retrospectively collected demographic, clinical, laboratory,
and radiographic data of 479 patients with spontaneous ICH in the
basal ganglia region admitted in Tianjin and Xining City from January
2021 to August 2022. Baseline NCCT scan and laboratory data were
collected 6-12h after the onset; a follow-up NCCT scan was
performed within 24-48h after onset. The diagnostic criteria were in
accordance with the Guidelines for the Management of Spontaneous
Intracerebral Hemorrhage (6).

Inclusion criteria were as follows (1): age>18, <85years old (2);
patients with first-onset spontaneous ICH; and (3) baseline NCCT scan
within 6-12h of the onset of ICH symptoms, and the follow-up NCCT
scan performed within 24-48h after the onset. Exclusion criteria were (1):
patients who were not local residents, and with a lack of available data (2);
patients who underwent surgery treatment before the follow-up NCCT
scan (3); patients with ICH secondary to head trauma, arteriovenous
malformation, cerebral aneurysm, brain tumor, venous sinus embolism,
or ischemic stroke (4); intraventricular hemorrhage (IVH) (5);
concomitant subarachnoid hemorrhages (6); hematoma volume < 1mL;
or (7) patients who took long-term antithrombotic medications, such as
anticoagulation and/or antiplatelet therapy.

Opverall, 305 patients were included in the study (Figure 1). In the
plateau group were 86 patients from the Third People Hospital of
Xining City, Qinghai Province (average altitude 2261.2m); 219
patients from the Tianjin Huanhu Hospital (average altitude 3.3 m)
were the plain group. The study was approved by the ethics committees
of Third People Hospital of Xining City and Tianjin Huanhu Hospital,
and did not require written informed consent.
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Imaging process and assessment

Head NCCT images were processed using ITK-SNAP software.’
We used semi-automatic and manual forms to label hematoma
lesions in cross-sectional, coronal, and sagittal planes, respectively,
and to perform volume calculations and 3D image imaging
renderings (7). HE was defined as a 6 mL increase in hematoma
volume or a 33% increase in hematoma volume from the onset (8).
The heterogeneity of hematoma and image markers such as island
sign, blend sign, and black hole sign was determined according to the
criteria of Li et al. (9-11) (Figure 2).

Statistical analysis

All statistical analyzes were performed by using a commercially
available software package (SPSS Version 25.0). Shapiro-Wilk test
was used to assess the normality. Continuous variables were reported
as mean with SD or median (interquartile ranges, IQR), and
categorical variables were reported as frequencies (percentages).
We used independent ¢ tests or the Mann-Whitney U tests for
continuous variables, and Pearson y2 or Fisher exact tests for
categorical variables to compare the groups. Spearmans rank
correlation analysis was used for correlation analysis. Independent
association of the variables and hematoma expansion was evaluated
by using univariate logistic regression and multivariable logistic
regression. p < 0.05 was considered statistically significant. Kappa test
was used to calculate k values for assessing the interobserver
reliability of the heterogeneity of hematoma imaging signs. k=1
indicates total agreement between observers.

Results

Baseline demographic and clinical
characteristics

A total of 305 patients with spontaneous intracranial basal ganglia
hemorrhage were integrated into our study. To clarify the selection
bias, baseline characteristics between included and excluded patients
are shown in Supplemental Table S1.

There were no differences in demographic characteristics (age,
sex, and ethnicity distribution) between the plateau and plain
patients. The plateau patients had a significantly higher prevalence
of hypertension (diastolic blood pressure), hyperlipidemia (TC,
TG, LDL-C), erythrocytosis (RBC, HB), and alcohol abuse, and
lower oxygen saturation level and diabetes. In coagulation
function, FIB levels were significantly decreased, and PT and TT
were prolonged in patients from high altitudes. Moreover, in the
plateau patients, the baseline hematoma volume was significantly
larger (Median, 16.4 vs. 12.2, p=0.011) and there were more severe
neurological impairments (Median, GCS 11 vs. 13, p<0.001;
Table 1).

1 http://www.itksnap.org
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First episode basal ganglia cerebral hemorrhage patients

(n=479) Excluded

Non-local residents of the plateau (n=3)
Surgery before the follow-up NCCT scan (n=54)
Secondary cerebral hemorrhage (n=4)
${ Intraventricular hemorrhage (n=18)
Subarachnoid hemorrhages (n=3)
Hematoma volume <1 ml (n=7)
Take long-term antithrombotic medications (n=29)
Basal ganglia cerebral hemorrhage patients Data unavailable (n=56)
with follow-up NCCT scans (n=305)

y y

86 patients in the plateau group 219 patients in the plain group

FIGURE 1
Flowchart of participants’ selection
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FIGURE 2
The illustration of heterogeneous signs and the segmentation of hematoma lesions through ITK-SNAP software. The red arrows and circles in A=C,

and D—-F marked the blend sign, black hole sign, and island sign of hemorrhage in the plateau and plain, respectively. G-I images are shown
segmented from the cross-sectional, sagittal, and coronal planes of the hematoma lesions, respectively

Non-contrast computed tomography 95%CI 18.5-29.9%). HE was more likely to occur in the plateau
imaging characteristics patients compared with the plain (p=0.037). In the plateau group,
20 patients with blend sign (k =0.872), 21 patients with black hole

HE occurred in 31 patients with ICH in the plateau group  sign (x=0.897), and eight patients with island sign (x =0.864) were
(36.0, 95%CI 25.7-46.4%) and 53 patients in the plain group (24.2,  observed; in the plain group, 24 with blend sign (x =0.851), 29 with
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TABLE 1 Baseline demographic and clinical characteristics between the

plain and plateau patients.

Plain Plateau = P Value
(GEYALE)] (n=86)
Age, y (SD) 57.3 (14.9) 55.5(11.6) 0.270
Male sex (%) 146 (66.7) 53 (61.6) 0.406
Race (%) 0.376
Han 210 (95.9) 80 (93.0)
Other 9(4.1) 6(7.0)
Current Smoking (%) 98 (44.7) 35 (40.7) 0.521
Current Drinking (%) 77 (35.2) 53 (61.6) <0.001*
Vital signs
Respiratory rate (times/min) 17 (3) 18 (2) 0.129
Heart rate (beats/min) 77 (23) 76 (20) 0.784
Oxyhemoglobin saturation
%) 98 (3) 96 (2) <0.001*
Hypertension (%) 139 (63.5) 66 (76.7) 0.026%*
Systolic blood pressure
(mmiig) 159 (30) 161 (33) 0.315
Diastolic blood pressure
(mmHg) 95 (15) 100 (17) <0.001*
Diabetes mellitus (%) 95 (43.4) 24 (27.9) 0.013%*
Glucose level (mmol/L) 6.8 (2.5) 6.4 (1.8) <0.001%*
Hyperlipidemia (%) 97 (44.3) 58 (67.4) <0.001*
TC (mmol/L) 5.2(1.1) 5.4(1.0) 0.012*
TG (mmol/L) 1.3(0.9) 1.8 (1.9) <0.001*
LDL-C (mmol/L) 3.0(1.1) 3.3(1.1) 0.024*
HDL-C (mmol/L) 1.3(0.5) 1.1(0.3) 0.005*
Coronary artery disease (CHD)
%) 79 (36.1) 37 (43.0) 0.261
Erythrocytosis (%) 2(0.9) 13 (15.1) <0.001%
RBC (*¥10'%/L) 4.5(0.9) 4.9 (0.9) <0.001*
HB (g/L) 146 (28) 166 (29) <0.001*
PLT(*10°/L) 206 (80) 163 (63) <0.001*
HCT/pev (%) 0.4 (0.1) 0.5(0.1) <0.001*
Blood coagulation
APTT (s) 23.7 (4.2) 23.4(3.4) 0.115
PT (s) 11.8 (2.1) 12.8 (1.5) <0.001*
FIB (g/L) 2.8(1.0) 2.3(1.2) <0.001*
TT (s) 16.9 (1.6) 17.4 (1.9) 0.0327*
INR 1.0 (0.2) 1.0 (0.2) 0.232
Baseline hematoma volume (ml) 12.2 (14.1) 16.4 (14.8) 0.011%*
GCS 13(2) 11(3) <0.001*
Hematoma expansion (HE) (%) 53 (24.2) 31 (36.0) 0.037*
Black hole sign (%) 29 (13.2) 21 (24.4) 0.018*
Island sign (%) 14 (6.4) 8(9.3) 0.377
Blend sign (%) 24 (11.0) 20(23.3) 0.043*

Data expressed as mean (SD), median (IQR) or n (%). *p <0.05 was considered statistically

significant. The bold values was considered statistically significant.
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black hole sign (k =0.880), and 14 with island sign (x =0.894) were
observed. The NCCT images of patients with ICH in the plateau
also showed heterogeneity of hematoma imaging signs, and the
incidence of blend sign (23.3% vs. 11.0%, p =0.043) and black hole
sign (24.4% vs. 13.2%, p=0.018) was significantly higher than in
the plain patients.

Predictors of hematoma expansion in the
plain and plateau

Univariate analysis showed that the systolic blood pressure,
baseline hematoma volume, GCS, black hole sign, island sign,
and blend sign were associated with HE in the plain patients;
diastolic blood pressure, HB, PLT, baseline hematoma volume,
GCS, black hole sign, island sign, and blend sign were associated
with HE in the plateau patients. Multivariate analysis showed
that, differently from plain patients, PLT and HB level were
independent risk factors for HE in the plateau; baseline
hematoma volume and the heterogeneity of hematoma imaging
signs (black hole sign, island sign, and blend sign) were
independent predictors of HE in both the plain and plateau
patients (Table 2).

Discussion

In the present study, we found differences and consistencies in the
clinical and imaging features of hemorrhage in the basal ganglia
region of the plateau compared with the plain patients. Patients from
the plateau were more prone to HE than the plain, showing the same
heterogeneity of hematoma imaging signs on the NCCT images.
Baseline hematoma volume and the heterogeneity of hematoma
imaging signs were independent risk factors for HE in spontaneous
intracranial basal ganglia hemorrhage in both the plain and
plateau patients.

In the plateau, the cold weather and traditional diet, characterized
by high fat, high salt, and large intake of strong liquor, greatly increase
the risk of cerebrovascular accidents and poor prognosis (12). Baseline
clinical characteristics of patients in the plateau were significantly
different compared to the plain patients, with a higher prevalence of
hypertension, hyperlipidemia, erythrocytosis, and alcohol abuse, and
lower diabetes. The epidemiological and metabolic characteristics of
patients in the plateau have been reported in detail in our previous
studies (5). The incidence of ICH is higher in the plateau of China,
especially the Qinghai-Tibet Plateau, compared to the more medically
and economically developed southeastern China. Lack of economic
development, uneven medical resources, and a long pre-hospital
rescue radius make early identification of risk factors for HE important
for making therapeutic strategies and improving the outcome of ICH
in the plateau (13).

Baseline hematoma volume is one of the risk factors for
predicting HE, as well as a key predictor of patient mortality and
prognosis (14, 15). In the present study, the findings were
consistent with current reports that baseline hematoma volume
was one of the independent risk factors for HE in the plateau ICH
population, and was significantly higher than in plains. The
baseline hematoma volume is mainly influenced by the level of
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TABLE 2 Univariate and multivariate analysis of predictors for hematoma expansion in the plain and plateau patients.

Univariate = Multivariate =~ OR (95% Plateau Univariate = Multivariate OR (95%
EREIVAH EREIWVSH Cl analysis EREIVAH Cl
v v ) Non-  HE o U )
HE (n=31)
(n=55)
Age, y (SD) 57.3(14.8) = 57.4(15.4) 0.960 55.6 553 (11.9) 0.896
(11.6)
Male sex (%) 108 (65.1) | 38 (66.0) 0.372 31(56.4) | 22(71.0) 0.181
Current Smoking (%) 74 (44.6) 24 (45.3) 0.928 24 (43.6) | 11(355) 0.460
Current Drinking (%) 58 (34.9) 19 (35.8) 0.904 33(60.0) | 20 (64.5) 0.679
Hypertension (%) 107 (64.5) | 32(60.4) 0.591 41(74.5) | 25(80.6) 0.520
Systolic blood 156 (27) 168 (34) 0.021%* 0.414 157 (27) 166 (38) 0.102

pressure (mmHg)

Diastolic blood 94 (16) 97 (13) 0.104 99 (15) 100 (20) 0.043* 0.510

pressure (mmHg)

Diabetes mellitus (%) 72 (43.4) 23 (43.4) 0.998 15(27.3) 9(29.0) 0.861
Glucose level 6.8(2.2) 6.9 (3.7) 0.166 6.1(1.7) 6.4(1.9) 0.719
(mmol/L)

Hyperlipidemia (%) 72 (43.4) 25(47.2) 0.628 37(67.3) 21(67.7) 0.964
TC (mmol/L) 5.1(1.2) 5.3(0.9) 0.647 5.4(1.0) 5.5(1.0) 0.770
TG (mmol/L) 1.3(0.9) 1.3(0.9) 0.557 1.7 (1.5) 2.2(2.6) 0.088
LDL-C (mmol/L) 3.0(1.2) 2.8(1.0) 0.479 34(1.2) 3.1(1.2) 0.442
HDL-C (mmol/L) 1.2 (0.4) 1.4 (0.6) 0.438 1.1(0.3) 1.2(0.2) 0.494

Coronary artery 54 (32.5) 25 (47.2) 0.053 20 (36.4) 17 (54.8) 0.097

disease (CHD) (%)

Erythrocytosis (%) 2(12) 0 >0.999 9 (16.4) 4(12.9) 0.667
RBC (*10"/L) 4.5(0.9) 4.4 (1.0) 0.159 49 (1.3) 4.9(0.5) 0.388
HB (g/L) 141 (28) 152 (24) 0.191 158 (36) 173 (14) 0.010* 0.005* 1.07 (1.02-
1.22)
PLT(*10°/L) 206 (84) 200 (82) 0.672 173 (84) 149 (25) 0.002* 0.038% 0.98 (0.96-
0.99)
HCT/pcv (%) 0.4 (0.1) 0.4 (0.1) 0.845 0.5 (0.1) 0.5 (0.1) 0.514
Blood coagulation
APTT (s) 23.6 (4.4) 239 (3.1) 0.220 23.8(3.6) = 22.6(3.3) 0.299
PT (s) 11.8(2.0) | 11.8(2.4) 0.891 13.4(1.6) | 12.7(1.3) 0.258
FIB (g/L) 2.8 (1.0) 2.8(1.1) 0.661 2.3 (1.5) 2.4 (1.0) 0.808
TT (s) 16.9 (1.5) 17.0 (1.6) 0.753 17.3(1.7) 17.9 (2.4) 0.272
INR 1.0(0.2) 1.0(0.3) 0.986 1.0(0.2) 1.0(0.3) 0.439
Baseline hematoma 10.1 (10.0) | 22.7(7.1) <0.001* 0.018% 1.15 (1.02- 14.5 22.1(13.3) 0.011% 0.021% 1.07 (1.01-
volume (ml) 1.28) (14.3) 1.12)
GCS 13(2) 11(3) <0.001% 0.810 12(3) 11(4) 0.011%* 0.363
Black hole sign (%) 10 (6.0) 19 (35.8) <0.001% 0.030% 328(L12- | 7(127) 14 (45.2) 0.001% 0.004% 9.87 (2.06-
9.62) 47.26)
Island sign (%) 2(1.2) 12 (22.6) <0.001* 0.001% 17.33 2(3.6) 6(19.4) 0.016* 0.010% 27.19 (2.21-
(3.13- 334.60)
95.78)
Blend sign (%) 9(5.4) 15 (28.3) <0.001% 0.019% 403 (1.26- | 7(12.7) 13 (41.9) 0.002% 0.011% 7.63 (1.60-
12.85) 36.30)

Data expressed as mean (SD), median (IQR), or 1 (%).
CI indicates confidence interval; OR, odds ratio; HE, hematoma expansion. *p <0.05 was considered statistically significant. The bold values was considered statistically significant.
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arterial blood pressure (6, 16). In the relationship between
arterial blood pressure and cerebrovascular accidents, diastolic
blood pressure is thought to independently influence the risk of
cardiovascular events and adverse outcomes (17). The plateau
patients in this study exhibited significant high diastolic blood
pressure (Median, 100 vs. 95, p <0.001), which may be related to
the elevated erythrocyte and hemoglobin counts compensated by
hypoxia and increased blood viscosity leading to increased
peripheral resistance. Therefore, in the prevention of cerebral
hemorrhage and daily management of blood pressure in plateau
areas, it is recommended that people living in plateau regions
improve their dietary structure, reduce their salt and fat intake,
and pay attention to the monitoring and management of blood
pressure, especially diastolic blood pressure, which will have a
positive effect on reducing the occurrence of cerebral hemorrhage
disease in high altitude areas.

In addition, the decreased PT and PLT may lead to a state of
increased bleeding and inconsistent hematoma density in patients,
which increases the risk of re-bleeding in patients with cerebral
hemorrhage by 2-3 times (18). Activated platelets involved in
adhesion, aggregation, release, and coagulation of thrombus formation
during cerebral hemorrhage are heavily depleted, resulting in a
significant decrease in peripheral platelets (19). In this study, we found
that the PT and PLT count were lower in patients with cerebral
hemorrhage in the plateau, which suggests that we need to pay
attention to the coagulation function of patients and adjust the dose
of prothrombin used by patients in a timely manner to avoid HE due
to excessive platelet consumption and abnormal coagulation function.

The density of hematoma is influenced by their composition,
where the hemoglobin content is an important determinant of
hematoma density on NCCT images, which shows high density
when the blood is clotted and lower density when there is active
bleeding, while the mixing of blood at different times leads to the
appearance of heterogeneous signs of high and low mixed density
(9, 10). Heterogeneous signs were positively associated with early
HE, poor prognosis, morbidity, and mortality (20). Meta-analysis
showed that the black hole sign had a 30% sensitivity and 91%
specificity in predicting HE; the blend sign had a sensitivity of 28%
and a specificity of 92% in making predictions (21, 22). However, the
results of the current study are from patients from the plains.
Patients residing on the plateau have a compensatory increase in
erythrocyte and hemoglobin content to increase the oxygen-carrying
capacity of the blood and the oxygen-supplying capacity of the
tissues due to the increased bone marrow hematopoiesis stimulated
by long-term chronic hypoxia (23). Whether the same heterogeneous
signs manifest on NCCT images in patients with ICH in the plateau
and whether they are predictive of HE have not been reported.

In this study, we analyzed the heterogeneous signs in NCCT
images of patients with ICH at different altitudes. In the plateau,
the incidence of blend sign (23.3% vs. 11.0%) and black hole sign
(24.4% vs. 13.2%) was significantly higher than that in the plain
patients. In the prediction of HE, the heterogeneous sign was an
independent risk factor. Similar to the results of the current study
based on plain patients, it indicates that the heterogeneous signs
summarized by imaging of plain cerebral hemorrhage patients are
also applicable to the plateau and have predictive value for HE.

In this study, there are several limitations to consider.
We investigated the differences in clinical and imaging characteristics
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of patients in the plateaus of China compared with the plains. With
the inherent defects of retrospective analysis and sample size, we need
to perform a larger multi-center study to validate the results. In
addition, this study only included brain hemorrhage in the basal
ganglia region, so the findings can only be interpreted cautiously
within this context. Due to the limitations of the medical status and
facilities in the highlands, this study only illustrates the clinical
manifestations. Therefore, we need to perform a more molecular
description of the condition after bleeding in both populations and
analyze the differences of the mechanisms of HE between the plateau
and plain patients.

Conclusion

In this study we found that patients with untreated ICH in the
basal ganglia region on the plateau were more prone to
HE. Compared with the plain, ICH in the plateau shows specificity
in the clinical features and consistency in the predictive value of
the heterogeneous signs of NCCT. This study provides validation
of the generalizability and application value of current clinical
studies to predict HE based on patients from the plain. Therefore,
in the plateau ICH patients, we can assess early HE using
heterogeneous signs. In patients with blend, black hole, and/or
island signs, we suggest aggressive treatment to help prevent
further neurological deterioration.
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