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Analysis of unstable CT signs of hyperacute hypertensive cerebral hemorrhage
combined with leukoaraiosis

WANG Wei', CHONG Li-juan’, YU Miao', MENG Yan-kai', XU Kai'

'Department of Radiology, The Affiliated Hospital of Xuzhou Medical University, Xuzhou 221000,

Jiangsu, China

’School of Medical Imaging, Xuzhou Medical University, Xuzhou 221004, Jiangsu, China

Corresponding author: XU Kai (Email: xkpaper@163.com)

[Abstract] Objective To analyze the imaging data of patients with hyperacute hypertensive
cerebral hemorrhage with leukoaraiosis (LA), and to evaluate the possibility of unstable CT signs of
hematoma as a predictor of hematoma enlargement risk. Methods The imaging data of 95 patients who
were admitted to the Department of Emergency of The Affiliated Hospital of Xuzhou Medical University
from March to April, 2021 and underwent head CT scan within 6 h of onset were collected, and hematoma
volume was obtained by ITK-SNAP software. Unstable CT signs of hematoma including irregular shape

sign, mixed density sign, black hole sign, swirl sign, satellite sign, island sign and liquid-liquid level sign
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were recorded. The severity of LA was assessed by the Blennow scale. Univariate and multivariate
stepwise Logistic regression analysis were used to screen the risk factors of large volume cerebral
hemorrhage (=30 ml). Results According to the hematoma volume of cerebral hemorrhage, 95 cases were
divided into <30 ml group (n =53) and =30 ml group (n =42). Logistic regression analysis showed that
severe LA was a risk factor for large volume hematoma in cerebral hemorrhage (OR = 6.222, 95%CI: 2.506—
15.452; P =0.000). CT showed that the proportions of irregular shape sign (x’=17.599, P = 0.000), mixed
density sign (x> = 5.644, P =0.018), black hole sign (x’ =23.161, P = 0.000), swirl sign (x’ =26.128, P =
0.000), satellite sign (x* =25.148, P =0.000), island sign (x* =20.575, P =0.000), > 2 combined signs (x> =
23.245, P =0.000) and >3 combined signs (x> =58.902, P =0.000) were higher in the hematoma volume >
30 ml group than those in < 30 ml group. Severe LA (grade I and IlI) group (n = 50) showed irregular
shape sign (x*=5.502, P=0.019), black hole sign (x*=10.715, P =0.001), swirl sign (x*=7.336, P=0.007),
satellite sign (x° = 4.467, P =0.035), island sign (x’=19.961, P = 0.000), =2 combined signs (x* = 12.684,
P =0.000) and >3 combined signs (x> =17.593, P = 0.000) were higher than those in non-severe (non and
grade [) group (n = 45). Conclusions Severe LA is an important risk factor for hematoma volume
expansion (> 30 ml) in hyperacute hypertensive cerebral hemorrhage. The positive rates of unstable CT

signs of hematoma in acute stage are higher, suggesting that this indicator can be used as a risk predictor

for hematoma expansion after cerebral hemorrhage.
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Table 1.

with different cerebral hemorrhage hematoma volumes

<30 ml4 >30 ml 4

Comparison of general clinical data of patients

WA AT (n=53) (n=d2) HHEMH PfE
e [ (%) ] 0.101  0.750
Btk 32(60.38) 24(57.14)
Tk 21(39.62) 18(42.86)
R (Tes, %) 61.13£10.65  66.38+10.73 2377 0.020
H U CT 7 5[] 4.00 4.00 0.031 0976
[M(P,,P.),h] (2.00, 6.00) ( 2.50, 6.00)
I JE (% + 5, mm Hg)
W 445 171.60+24.17 17043+18.67 0260  0.796
IR IE 100261436 96.50=11.68 1375  0.172
10 I s 5 5 10.00 15.50 2126 0.033
[M(P,,P,) 4] (7.00,20.00)  (10.00,20.00)
BHMZ[H(%)]  42(79.25) 37(88.10) 1310 0252
WEAE S (451 (%) ]
i PR 7(13.21) 8(19.05) 0.601  0.438
U 7(13.21) 6(14.29) 0.023  0.879
elil 7(13.21) 5(11.90) 0.036  0.849
LA ™ T 16760 0.000
JEEE 35(66.04) 10(23.81)
HE 18(33.96) 32(76.19)

Two - independent - samples ¢ test for comparison of age, systolic
blood pressure and diastolic blood pressure, Mann-Whitney U test
for comparison of time of first CT examination and course of
hypertension, and X test for comparison of others, A=W W8 45 [ J2
B 5K HE A O BEAT T 2 T R A 1Y o A 3, UK CT R A I [R) B .
HE 95 2 ) FE AT Mann-Whitney U5, A TR A5 19 HLEAT X4
o LA, leukoaraiosis, N [ 5T i #3 iE

(P=0.001) JiEiEHE(P=0.007) , T EAE(P=0.035) .
B AiE (P =0.000) , DL X AF7E = 2 ik & IE 5 (P =
0.000) .= 3 Fh A AFE 42 (P =0.000) [ 4 4 25 T4k &
JEE2H T R 4% 25 B AE (P = 0.123) I - W F1iE (P =
0.874) LMl 21 ] 22 S e it 2= B L (3R 6) .

5] it
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T2l I IR AR A 5 i PR 3R Y A TR A
Table 2. Variable assignment of influencing factors of
large volume hematoma in cerebral hemorrhage

- Tt i

0 1
4 51 otk Bk
R 245 Jc H
M PR 95 ¥ H
g x H
e} ¥ H
LA EE R iyl

LA, leukoaraiosis , i [ i S #A%E . The same for Table 3, 4

R3O 0T R R A AR b 5 R 3R BB AR
Logistic [7] 5 43 #7

Table 3.  Univariate Logistic regression analysis of
influencing factors of large volume hematoma in cerebral
hemorrhage

A ik b SE Waldx* P{H ORfi  OR95%CI
Btk 0.134 0420  0.101 0.750 1.143 0.502~ 2.601
A 0.047 0.021 5173 0.023 1.048 1.006~ 1.091
e -0.003 0.010  0.069 0.793 0.997 0979~ 1.016
#KIE -0.023 0017  1.824 0.177 0978 0.946~ 1.010

BMLER T 0.051 0.024 4727 0.030 1.053 1.005~ 1.102
MAERZS  -0.634 0585 1175 0278 0.530 0.168~ 1.670

i R 9 <0436 0565  0.595 0440 0.647 0214~ 1.957
W AR -0.091 0599  0.023 0879 00913 0.282~ 2.955
el 0.119 0.626  0.036 0.850 1.126 0.330~ 3.839
12 i i) 0.008 0.105  0.006 0939 1.008 0.821~ 1.238
LA 1.828 0.464 15517 0.000 6.222 2.506~15.452

FA TR R AR R I 52 R R 2 R B S
% Logistic [ 553 Hr
Table 4. Multivariate stepwise Logistic regression
analysis of influencing factors of large volume hematoma in
cerebral hemorrhage

AR b SE  Wald x> PfH OR{E OR 95%CI

FHALA 1.828 0.464 15.517 0.000 6.222 2.506 ~15.452
WHOR -1.253 0.359  12.207  0.000

RS ARG i A B AR I AN CTAE 51 L ¢
[#1(%)]

Table 5. Comparison of unstable CT signs in different
cerebral hematoma volume groups [case (%)]

230mldl L pgy

iR crieg <20miAl 230 mid

(n=53)

B A HLIAE 35(66.04) 42(100.00) 17.599  0.000
TR A% 9 HEAIE 6(11.32) 13( 30.95) 5.644 0.018
SR AE 5(9.43) 23( 54.76) 23.161 0.000
WE A IE 0( 0.00) 17( 40.48) 26.128 0.000
TLRAE 5(.9.43) 24( 57.14) 25.148 0.000

BT 7(13.21) 24( 57.14) 20.575 0.000

W - 3( 5.66) 7( 16.67)  1.958* 0.162
>2 PSR S 14(26.42) 32( 76.19) 23.245 0.000
>3FEAESR 3( 5.66) 35( 83.33) 58902 0.000

*adjusted x* value, % IF x> (&

R 6 A IR BN T B R L S AR CT AR
G (%) ]

Table 6. Comparison of unstable CT signs of cerebral
hematoma in patients with leukoaraiosis of different grades

[case (%)]

4 X {H P{H

RRE criEg AL R

(n=45)

T A5 FL A 32(71.11) 45(90.00)  5.502  0.019
IR 2 % FEAE 6(13.33) 13(26.00)  2.375 0.123
SR AR 6(13.33) 22(44.00) 10.715 0.001
Ui iE 3( 6.67) 14(28.00)  7.336  0.007
TAAE 9(20.00) 20(40.00)  4.467  0.035

By E 10(22.22) 34(68.00) 19.961  0.000
-0 T-AIE 4( 8.89) 6(12.00)  0.025*% 0.874
> 2 PR G AE SR 18(40.00) 38(76.00) 12.684  0.000
>3 AAE SR 8(17.78) 30(60.00) 17.593  0.000

*adjusted x* value, % 1E x*{i

iE A A AR AT DG, 3 AT BE AL L A R BR > 30 ml i I
Je 0 o 5 b I~ TR0 19 T3 A G BT o L 1) 45
e Y ST

FIR AR K R B S 5B A A 7 R
550000 I O AN RS CTE G AH G M 1) SCHk e
AL R N A s A (I~ T 2%) &
LR S AN B AE TR J% AR R AR L T A
fiE | 55 AE A CTAE G2 09 FHAEAG Hh 5 i TR R

H AT ) i A7 A 2 8803 Fl S DA B AR SR, L A B
o TARE R E (WA 1 90) , 4 7 B 1 B2 ik
Jo 3L A A 114 v 00 P i S O AR R AR i e S B E CT
TIE SR 18 DR B ey, Xof O 288 50 2 RS L S 0
ASBIFFE Ay B O 1T B T 5T, A A /N 5 AR
M CTFH M E, K9 A Glasgow B 2k 7 R
(GCS) VA3 Mk BT EE 24 BT i /N 24 i H i s
SR PR GERE, DL B i ikt A oK A ol A ] B
I 2 45 S5 G A i A S bR S AR R R R . A
BE I GCS 743 AT S e il 21 2 460 00 2 32, i Al P 7 o€
2 1 R G IS A A T R e XU B W T
AR 2475, 3 6 PR 2R 2 AT 0 e A 1= 0 ) 2 VR T R
W, fH GCS P Jr i e Fh 2 5 L L 5 25 sl 4 il /)
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Surveillance, Epidemiology and End Results(SEER)

FEAHPZ American Stroke Association( ASA)
SR A RN PP A

Montreal Cognitive Assessment(MoCA)
K = {55 white matter hyperintensity (WMH)
fili A BB AAE  leukoaraiosis(LA)

i sh k5T cerebral arteriovenous malformation( CAVM )
fiki % VE KBTI developmental venous anomaly(DVA)

Jig I HL 3R deep brain stimulation(DBS)
fii = -1 SR ventriculoperitoneal shunt(VPS)
JE L L cerebral microbleeds(CMBs)
fili /N cerebral small vessel disease(CSVD)
HE 0L JES ] prothrombin time(PT)
ANZFE DI naive Bayesian(NB)
4- I T W 4-hydroxynonenal (4-HNE)
JEBRPEAESE  lacunar infarct(LACI)
HiZE FE A area under the curve(AUC)
Yo (6 ST 0 ERE DNASS G811 6

chromodomain helicase DNA-binding protein 6(CHD6)
NI EE  artificial intelligence(AI)
H o A2 15 16 S RE ) R

Activities of Daily Living Scale(ADL)
FLHZ  lactic acid(Lac)
FLER L E 8  lactate dehydrogenase(LDH)
P FR IR neuropathic pain(NP)
KM E growth hormone(GH)

LR UEP I R A IS BN
World Federation of Neurosurgical Societies( WFNS)

LA 4> Visual Analog Scales(VAS)
WAL A dual-task cost(DTC)

22 BTG A

mitogen-activated protein kinase( MAPK)
FHLAEAK  random forest(RF)
B E ALY B myeloperoxidase(MPO)
WELMLLE [ glycosylated hemoglobin(HbAlc)
1 JE PR TP M gradient boosting decision tree(GBDT)
REFEE  body mass index(BMI)
KAEIRY &M aspartate aminotransferase( AST)
45— 1 4 AR P 2R

Unified Parkinson’s Disease Rating Scale(UPDRS)

MR ik Ab 2 A ™ ) 32 1
advanced glycation end product receptor(RAGE)

20 A HME S 8

extracellular signal-regulated kinase( ERK)
F Y B ARG 7= fibrin degradation product( FDP)
FY4EFEHIE  fibrinogen(FIB)
3-fiFE 45 &R 3-nitrotyrosine(3-NT)
NN g e S R g

small musculoaponeurotic fibrosarcoma(sMaf)

L5 A B2 A TR 7
vascular endothelial growth factor(VEGF)

ML/ EC  platelet count(PLT)
Kelch FE 3R S AN LA B 11 1

Kelch-like ECH-associated protein 1(Keapl)
MEHEAR JG TR L3 A 1E  failed back surgery syndrome(FBSS)
B ZFEAE KA F-1 insulin-like growth factor-1(IGF-1)
Jot A% PR L PR T A I KRR

hereditary hemorrhagic telangiectasia( HHT)

AR AR RUE R RS

Picture Archiving and Communication Systems(PACS)
Glasgow TG 77 4%  Glasgow Outcome Scale(GOS)

EFAE DR normal weight-central obesity(NWCO)



