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Abstract

Objective: To investigate the predictive value of the mixed sign, black hole sign and island sign in
non-enhanced computed tomography for early hematoma enlargement in cerebral hemorrhage.
Methods: A total of 247 patients with cerebral hemorrhage admitted to the Affiliated Hospital of
North China University of Technology between October 2020 and July 2022 were selected for the
study. The patients were divided into the group with enlarged hematoma (86 patients) and the
group without enlargement (161 patients) according to the early progression of the hematoma.
The clinical baseline data and imaging data of the two groups were analyzed and compared, and
the factors affecting the enlargement of the hematoma were analyzed using multivariate logistic
regression and ROC curves to analyze the predictive value of different imaging features. Results:
The differences in admission systolic blood pressure, admission Glasgow Coma Scale (GCS) score,
baseline hematoma volume, whether the midline was displaced, island sign, black hole sign, mixed
sign and their combined signs were statistically significant between the two groups (P < 0.05). The
sensitivity, specificity, positive predictive value and negative predictive value of the island, black
hole and mixed signs in predicting haematoma enlargement were 76.70%, 65.10%, 62.80%:;
67.10%, 76.40%, 72.00%; 55.46%, 59.57%, 54.55%; 84.38%, 80.39% and 78.38% respectively;
combining the three signs could improve the specificity and positive predictive value of predicting
early haematoma enlargement (43.00%, 95.65%, 84.09%, 75.86%). Conclusion: The mixed sign,
black hole sign and island sign are good predictors of haematoma enlargement, and the combina-
tion of the three signs has a higher predictive value.

Keywords

Spontaneous Cerebral Haemorrhage, Haematoma Enlargement, Island Sign, Black Hole Sign, Mixed
Sign

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

Jigi 4 IfiL (Intracerebral Hemorrhage, ICH) & ¥ B & MM H I, 2 —Fh i AfEva @ e 2R, Sk Py
FEEE L 30%~40%, H—4J5%) 75%M & & 8t B A ™ B 1 & DR s [1] . KL =432 — I H I
S MR A 1) P B HR B L 30 af Pk (Hematouma Expansion, HE), ik H I £ ThRE TG 25 MAE T %
B AL O R (2] ENGARIGTT THOUT T, KE2HEE NN A E, BT HILEXR, Wtk
A BT MO Y R, B R AT AN T DA S e AR VA T I T, SRR R AR g R R I R T
Rltk, BEA-FHIEANAA 3 — D Mg AR ) B G H EL. JE4% 5% CT (Noncontrast Computed Tomo-
graphy, NCCT) X CT IfiL % i 5 (Computed Tomography Angiography, CTA)) e e 4 11 H 1112 W ) 22 4G
BF B BEAA SCRRHRIE, CTA BESUE OO UE B2 i X RSz J0000 DR F ] S8 Tl ¥ A 3], {5 H A
B P ERIT IR MANRET B S8 CTA AU 478 5 LA 7y KB 3 A7 0 e 52 703 Bl B T e AN 4 S T PR A1)
T CTAWIN . Rk, AHEFC B 7R AT E NCCT H H B AN [R) SAAR S E G00F i H -S40 i ™ K A 730
DUARAE, LA TE Sy a7 SR e 0T b 4 RS EA T VP AS . IR RS 297 ik 4
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2. AMERE
2.1 —RRFER

[=EPE 73 B 2020 4 10 A 2 2022 45 7 H HAbE TR 2B @ B2 Be i (1) 247 4 ICH 3 1E B A Xt
%, HITERIR 6 /NI A SE R UCK CT A7 HL T 72 /NS SE R T, AR LI (338, 4> 9 HE 4H.(86
i), “FH4E10$(60.79 £ 14.56) 5 ; IE HE 2 (161 f), ~“F354F1$(60.89 £ 12.05) % . I ANIRiE: 1) #F& ICH
CWibrHE(S % 2015 e B SN B R TERG H LGS 1) 2) K JE Gk CT A 6 h HT 72
h WZEEE; 3) FiAMET 18 5. HEpbritE: 1) M4tk TNz . st imE s, ik
WEBE. MR SRS 2) Bkt T R4k R it s 3) B CT aic#HrsMel Tl 4) &g E
BLASH R BN R GE50; 5) IRREHE R/ Bk . ORI FE 15 Bk AT A O, Eo BB AN
A 15°5)

22. B

AR A 5 SCHR B AR It 7t B ) e st 1 48 SR T 0 R AR DG IR PR B ), B ddPES . ARt AR Pl et &
EPE4r(Glasgow Coma Scale, GCS). APBgieft . 75K & DA REAERG 5, BHE ek st BRI . )
TS P S SR B T OROW 6 /NI N SE R TR CT F19, ARYE CT EUE TS 0IaG M fpp iR FL . IS
BB AR (RIRAE . REHEIE. BAE). PLRLEBALRTWAME, TR 72 /NS E AP
MR RGO . HPRALEE - E BB RHS Wi B ITERUE RS R 58 CT EMEIAIEE,  Hik st i
KW R G — =0 M ARBUS FoRH 2 A R[4]. HE & SCHE A CT P i i 44 547 2 i i
PRFARH LG N 12.5 mL B i ifi i AR 5 0 i i AR AR 2 B KT 33% [5]

23. GtFERE

KH SPSS 25.0 Ziih B AbFR M ds, WHZEMEmI . RO s . P s SR E M BRI L E 7 RN, W
WK B IR R . WP . N L 2552 R VERL AT IES YRR, 756 1E A 20 A U SR P R AR
t RS LB R 22 5, DU(X £ 8)Kom: AFFE RS 7040 R FHRR AR 30 LUEL AL 1) 22 5%, BL M (P25, P75)%
Re WA R R AL N E logistic [0 50475, 2] ROC #h£k i35 i 28 T R EL e i . LA
P <0.05 AZERAGTHFE L

3. &R
3.1. MM KA SKY KAFWEFELE

IR I E ANBE GCS P55+ AP SBP. k. HBIHAE. JRAME. &AL HILH AR
=R A G E (P < 0.05). WL#E 1R 2,

Table 1. Univariate analysis of clinical baseline data of the two groups

1 MERENIRRELENERES

RO M kA =86) IR A4 =161) KRR P

ERR[Z, Xxs] 60.79 + 14.56 60.89 + 12.05 -0.056° 0.955
T 43 (50.00) 104 (64.60)

PE 5 [ %0 %] 1.642 0.205
g 43 (50.00) 57 (35.40)

R[5 % %] 28 (32.56) 64 (39.75) 1.241° 0.265
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Continued
PAB [11$1%] 25 (29.07) 57 (35.40) 1.014% 0.314
3 ML 1 [ 4511 %0%) 64 (74.42) 111 (68.94) 0.813° 0.367
W PRI 151500 17 (19.77) 31 (19.25) 0.009° 0.923
AR e £ (SBP) 177.55 + 32.06 169.34 + 25.79 2,046 0.043
[mmHg, X+s] #73K JE (DBP) 98.42 + 19.08 95.49 + 14.51 1.350 0.178
}E[‘i“ (gis(g)? 12 (9.00, 14.00) 14 (11.00, 15.00) 3653  0.001
FE: afRE 4 ME, bIRFtH, ciRFZ1H.
Table 2. Univariate analysis of imaging data in the two groups
2. MEBEXGFANBEERIN
Lk My kA(n=86)  MEAT KM(N=161) KGR P
EH k[ %5%) 66 (76.74) 53 (32.92) 38.012° <0.001
SR 15114 %) 56 (65.12) 38 (23.60) 40.981° <0.001
TR E[1%0%] 54 (62.79) 45 (27.95) 28.333° <0.001
NV RAC) 34 (39.53) 47 (29.19) 2.721° 0.099
Hr 2R R A7 [ 4 9%] 21 (24.42) 21 (13.04) 5.140°% 0.023
Vs A 14.44 (8.53, 33.23) 6.89 (3.53, 13.86) -5.110° <0.001

[ml, M(Q1, Q3)]

T aflE 4 MH, cREZIH.

3.2. FAZEARE Logistic BV #
REHEAE. BIAE. BAE. REMEBIFAE. WRAMESAE. BT S AE . VRA N BIRAE SR ¥)
YE I AR FR S BT AE Sy ICH i K IS Tl Fe#R(P < 0.05). 45 EBIR, AR BB, HE K4 X

KB, AR A AR B AL AR S B OR k. W& 3.

Table 3. Multivariate Logistic regression analysis of imaging features on HE

= 3. HRFHHIEX HE BIZE 2 Logistic B35 47

Bl B Wald/y* 1 P OR 95% ClI
%0 1.620 23.853 <0.001 5.054 2.638~9.684
HRAE 1.415 17.960 <0.001 4.115 2.139~7.916
TBAE 1.077 12.314 <0.001 2.935 1.608~5.354
Sy HE/BARAE 2.234 47.743 <0.001 9.336 4.954~17.595
TR A AE B AE 1.927 39.310 <0.001 6.872 3.762~12.552
FRRAENR A AE 2.230 44.238 <0.001 9.279 4.819~17.935
TR SR AR Sy 1E 2.810 40.129 <0.001 16.612 6.964~39.630
LR AL 0.238 0.357 0.550 1.269 0.581~2.772
W46 M i R AR 0.034 17.991 <0.001 1.034 1.018~1.051
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3.3. FEIFGFAER M KT E

W ER, =FES T SBAER AUC iR, N 0.714, BUKRE N 76.70%, H55FE 67.10%; EX&SM4E
SIS W I B T, (EBUREE TR, JRAE. SE R BIRAE =3 [F i B2 R S R A
95.65%, HBURERAK. WK 4.

Table 4. Accuracy analysis of imaging signs in predicting HE

F 4. FEFARTUN HE BUERME S

FSEN AUC 95% ClI E’&(Ef)ﬁ% *éf(gi;f% P
A 0.714 0.642~0.786 76.70 67.10 <0.001
AR 0.707 0.638~0.778 65.10 76.40 <0.001
TRE1E 0.674 0.602~0.746 62.80 72.00 <0.001
Sy HE AR AE 0.723 0.652~0.794 57.00 87.60 <0.001
TR E S AE 0.701 0.629~0.774 55.80 84.50 <0.001
HFAENRAAE 0.709 0.636~0.781 52.30 89.40 <0.001
TR AL/ BIRAE Bk 0.703 0.628~0.777 43.00 95.65 <0.001
HIGA ML AR 0.698 0.628~0.768 75.60 58.90 <0.001

4. ER5RE

EL U I ek A i L £ T B TS 2 AT SR i s S T R (2] B R A e oK R A
MU AN B A, Mayer 6 A[6] [7]00AF 58527 155 oo S5 AL 52 400 100 Fl R o g o 4R 66 e o e I
R ARTE A R D SR M R AL P RS T 48 T R S Bl oK

BEA& TR CTA KA 1 A, 15 22 M 5 3 B B A i BROE 52770 SIS wT AR DAy I ey K P A S Tl Pl 2
A EETRMAEAR[3]. BEAT A 52 2 H R T B SRS HoAl NCCT iE 545 & T $2 i Xof I i g™ K Fé) i
[8] [9] [10]. {H HATEWEST RS EAT, ZHERMARTEREE CTAKT, Hn BaiiEgn
I EE S ThEEA AR R R H T CTA BRI . NCCT J2 I A2 Wik I i 1 1 58 A 25, (8 H AT
BFXT NCCT AE G500 figi H I3 i i K i e A 2 W DRI, ARHIF 9T B EER S AN R NCCT s A1k
G FLCA L A2 75 REARE 6 |CH F STt i 7 O () T AL A 2, A SE 9 17 A S e R AR AL 2%
B ER, NCCT RIS — LG e R W S AE . BIRAE. BEAME% S HE Me[11] [12] [13].
SRIMTE [A]— N FH P I e 52 A S R T 10 e K I 6 0 A G —[14]

AT ML R R AR ) 34.82%, 7L TS5 TEE[15] [16]% W s —5. A Ass RER, 2
fE VREAE. SAEX BRI G —E MFANE, HafEAHMAERN R, X5 K2 HELm s
AE—EL[17]o HrA BAE PR, PRI O A R e, BBUBREE SRR R 4 A 76.70%,  67.10%,
PR ML ME AN P RE TS & B3 AR Ry K, Li [18]5 NiAR, FEMMAFRA MER S
HH I, 7 B AAE £ IR AT A I R AR /N Sl Bk S S P I BT B Barras [19]5F ABAESE T i
FEAS TN TT RE AN A IR 3 A XU . 2016 £F,  Li [20]48 A\ 1 VRS HY SESRAE AOMES:, 5 3 B If i [X sk
0, 2100 T A PR 2 X R B X3, B X3 TR T LU T « AR TR BFF T, HLJE R AT AH 4R
(IR S 5 2 AHTE 2 P B b X3RN CT (B 2B MR IS 28 HU o S TRIAE D) B8 4 B sk kb 17 af e 3 AN
PSRRI e S, ke CT {E 25 (8 RIS B SR G I b e, 45 SRS IiE I L [21] . YR AE e S
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DN A e P2 DX AT 5 B X dsk 2 18] CT L Z= B 18 HU, H AN X3 (A B R g 5t 1 CT fH 3
FLICR T I ) HR RIS [R) S 2D L, LA (] S X 2Tk S AR b, Ik I A v R D S f e (]
AWTIEA, ML X ERTE IR R TE[22] o HOIL P P ARG 2 X35 5 22 AR ANF 16 P9 R0 B 0 e 4
B FCERIL, AT B LR, BRE ARG I T b 37K B A A S 2 ke 2 W T e =
MAEREKE T, WA RE 5w, RSRMELTSE AR FRE R —20. ditk, =ML S A
ISR G s B s R AR 977 Y 1 14 10 6 8 SO o ™ K P A

LREPTIA, N I R TR AR R A, NCCT AR R AL FFAE . By AExT 3
LA R B TR AT — € FOA R, E =P AIE SIS T PR i PRAN 58 5

EABE T REA R D, A AT FOR AR TS R T ARHE:  H8bX CT IS RARAE
ZIEE, HARXT G50 CT fz CT ML & 52 v H I A AN [F) A 500k it i 390 0k 47 A 00 4 L 28 47
IHTHCEL, SIR AR P RR .
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