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Establishment of a predictive model for hematoma enlargement after intracerebral hemorrhage based on
machine learning and CT radiomics LIU Ying, HE Jie. (Department of Neurology, Beijing Electric Power Hospital ,
State Grid Corporation of China, Beijing 100073, China)

Abstract:

neous intracerebral hemorrhage (sSICH) based on CT radiomics and different machine learning algorithms. Methods A

Objective  To establish a model for accurate prediction of hematoma expansion (HE) following sponta-
retrospective analysis was performed for the patients with sICH who were admitted to Sir Run Run Shaw Hospital and Bei-
jing Electric Power Hospital in 2019-2022, and they were established as the training cohort and the external validation co-
hort, respectively. Radiomic features of hematomas were extracted from CT images and were combined with related clini-
cal risk factors for HE to establish predictive models using four different machine learning algorithms. The receiver operat-
ing characteristic (ROC) curve was used to assess the predictive performance of each model, and the area under the ROC
curve (AUC) and corresponding confusion matrix metrics were calculated. Results ~ Compared with the other three mod-
els, the support vector machine (SVM) model showed the best predictive performance, achieving an AUC of 0. 844 in the
training cohort and 0. 994 in the external validation cohort. In addition, the SVM model achieved the highest F1 scores
(0. 891 and 0.989) , accuracy rates (83.8% and 98. 4%) , precision rates (94.5% and 99.9%) , and specificities
(82.4% and 99. 9% ). Conclusion
dicting the risk of HE, which can help clinicians to identify high-risk sICH patients in the early stage and adjust treatment

The radiomics model based on SVM provides a noninvasive tool for accurately pre-

strategies in a timely manner.
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SVM vs DT 1. 599 0. 109 4.763 <0. 001
SVM vs NB 2.519 0.011 2.735 0. 006
Logit vs DT 0. 680 0. 498 2.978 0. 003
Logit vs NB 2.455 0.014 2.282 0.022
DT vs NB 1.301 0.193 -0.777 0. 437
3 3 i TR 2 BUBRUK 2 Ge i 55 2 4k 5 s 7, X

ARWFFTEE R F W, FEF NCCT il 5 41 24 45 1E 1y
SVM B RIAE R sICH 835 5 HE J7 TR B 0 5 19
PERE . EUNZRBAG % B R A T 48/ 1) AUC
{H, FFAE AN 7 56 UE BA S AR5 R A2 AL e
Ui B 2 A5 A EL AT i g A PR S R . 5
3FPEGE AL > B AH E, SVM FE 51 HE JAURS:
7 T S s R ) O e

SV M B AR HE b B g 4R, I3 2o A% R
& 1) A% PR B RBF) 43 R0 47l 412 500 v 9 & 24 4R
PEIC R U A 2 R AR 0 R B e 4 R SR A G
PEFIE 2 1 N TE S5 H , SVM A5 RE A% 75 18 4 2% ] v
B Fe A o3 2 T, DT B4 b PR 4 K B A
A, X LA i SVM AL 7E A WF 58 v B i
AR Y B SRR

55 SVM M Eb , Logit A5 74 7 [ 6 52 2% 1) AFE £k P
fIE G R IR IAZ B, A HAR R RRAE 5 45 2R Z ) )2
AV FR X TR B I W TS 20 2 e TR 5000 v e D
T AR 5 NBASE AR L A =2 () 4H B b ST il s S 21
2ERHIE 22 (AR A A7 AR 3505 0 AF M | 8O A A
ST B U M A AN A s DT AR B AR B A O A R
PE AR D) B A FERRTE M 4 A e T, A
ZALBRE T . ML Z T, SVM AR R i f KAk 4
25 (i) oy et FH TE T A 2850, A7 AUk -l T AR AR AT
B 5 ebERe e T LA TR

AW FEAEAL AR ST BRI P gy A 2 S FE LR AR i
I 2L CT (] LI A5 0ok Do S s o a5 B
FERF ST 20, B A1 2 HE Ak ~7 i B R e il
TUER] T ARG R AT SE . b, JEE i i A
TR HE 5845 J7 W 1500 B 7, A 98 AR R B T 84
POAFREZ BIREAR SR R IR E . K
SRR HE (s $eft T FE i EAFER 8

SEREAE W] L4 s i o IR S T R 1 SO0 AR Ak i
SVM 15 RY GEAE 78 43 1| FH 3 2 15 2 52 A4 iE A T 4K
R X R — 2 AR T U A1 2R EAE HE
TOUI rp A T R R A RIS 1S B AL
A S T 3003 R AR A SRR AT T 2Ok
I,

AR TSRS 2 2 A G A A i B v 1% L
W AW 2, 3220 A B R SR i B2 T A
FE SICH 408, B T 5G V8 M b 5 & kL, A 2 A 5845
JICS 2 FH VA I P ] T 7K ek % B 5 PNt o
K, IR AU A 2= X W D R 45 Ry £ A0 T 1 3¢
i 2230 B STCH A1, JBCS 20 24 348 w5 F 2o i o 4
G 74 e 2 W T PE A R 2T ik RE i 2R XU i A5 22
J5 1T, 4 30 00 1055 9 MAG GE A% 32 A 1h) g 3
SE AL AR BRAE T2 T A AR S S5 4 CT
B¢ MRI EHME b KW TEAR L, Ay il i 4575 9 44 (1t X
B 43 J2 ORG W T BURI T30 W I 2 2 4 S 4, HoA
(I RN 5 BIFFE I 55

SVM 5 BUFE FUI HE J7 T B9 L 5 R 30, B &
BRI R SCo VR TN HE A9 XU A3 Bl T I PR 22
Az T RO A R, SR AR YT AR, PR IR
H R BRSBTSk, BT SVM 1 Tl
BRI AT L5 I PRAFAE | 5256 % 6 b5 5 22 B 5008 25
A iR T IINACR . IAh R R A AR
O3 TAE AR B BE DR SR R h A B HE Bl
SRR 2 I 00 A A B ) PR e A RN,

g5 B ik RS SVM AR TE A BIF 5 it HE 131
DA HZ5 R T R Z BIREA /N A % IR
HABHLER 2 2 FIE BRI . RN AE 2 Pl |
RAEAZE T AT 5000E , 5 B IR E 2% S S 5
ZRARERY | DL 42 3R AR HE B0 b A e K8 7



- 544 -

RIBZER: AFRX T EEHIRFEF R
BRI R E A E R A F (35 :2025-2093-
m%ﬁ%ﬁﬁ%&%m%&%«&%%ﬁmw%-
018186), & H ¥ £ F kK B &

FlER MR AERR ﬁﬁﬁ%%ﬁ%?ﬁ&#*

1EZ STHKA B : XI5 9098 5L L lE R 2R

AEFEART BERALMAANTHBERERE

Ao )e B 3E R B AR B3 4G F 4R B 18 U 5 BE T

R IE ZAG.

(5% 30Hk]

[1] Puy L, Parry-Jones AR, Sandset EC, et al. Intracerebral haemor-
rhage[J]. Nat Rev Dis Primers, 2023, 9: 14.

[2] 0’ Carroll CB, Brown BL, David Freeman W. Intracerebral hemor-
thage: A common yet disproportionately deadly stroke subtype [J].
Mayo Clin Proc, 2021, 96(6): 1639-1654.

[3] Dowlatshahi D, Demchuk AM, Flaherty ML, et al. Defining hema-
toma expansion in intracerebral hemorrhage: Relationship with pa-
tient outcomes[ ] ]. Neurology, 2011, 76(14): 1238-1244.

[4] Delcourt C, Huang Y, Arima H, et al. Hematoma growth and out-
comes in intracerebral hemorrhage: The INTERACTI study [J].
Neurology, 2012, 79(4): 314-319.

[5] Morotti A, Boulouis G, Dowlatshahi D, et al. Intracerebral haemor-
rhage expansion: Definitions, predictors, and prevention[J]. Lan-
cet Neurol, 2023, 22(2): 159-171.

[6] Song Z, Guo D, Tang Z, et al. Noncontrast computed tomography-

based radiomics analysis in discriminating early hematoma expan-

sion after spontaneous intracerebral hemorrhage [J]. Korean J Ra-
diol, 2021, 22(3): 415-424.

[7] Pszczolkowski S, Manzano-Patron JP, Law ZK, et al. Quantitative
CT radiomics-based models for prediction of haematoma expansion
and poor functional outcome in primary intracerebral haemorrhage
[J]. Eur Radiol, 2021, 31(10): 7945-7959.

[8] Chen Q, Zhu D, Liu J, et al. Clinical-radiomics nomogram for risk
estimation of early hematoma expansion after acute intracerebral
hemorrhage[J]. Acad Radiol, 2021, 28(3): 307-317.

(914 &, BEEML, £ 3%, 5. SR AEIR ) iR H iR A0
ML IRA BEMAE FABETELL]. ek eR ek, 2019, 18(1)
49-54.

[10] Bo R, Xiong Z, Huang T, et al. Using radiomics and convolu-

tional neural networks for the prediction of hematoma expansion af-
ter intracerebral hemorrhage[J]. Int J Gen Med, 2023, 16: 3393-
3402.

[11] Morotti A, Boulouis G, Dowlatshahi D, et al. Standards for detect-

ing, interpreting, and reporting noncontrast computed tomographic

markers of intracerebral hemorrhage expansion [J]. Ann Neurol,

J Apoplexy and Nervous Diseases, June 2025, Vol 42, No. 6

2019, 86(4): 480-492.

[12] Peng H, Long F, Ding C. Feature selection based on mutual infor-
mation: criteria of max-dependency, max-relevance, and Min-
redundancy[ ] ]. IEEE Trans Pattern Anal Mach Intell, 2005, 27(8):
1226-1238.

[13] DeLong ER, Del.ong DM, Clarke-Pearson DL. Comparing the ar-
eas under two or more correlated receiver operating characteristic
curves: a nonparametric approach[J]. Biometrics, 1988, 44(3):
837-845.

[14] Noble WS. What is a support vector machine? [J]. Nat Biotech-
nol, 2006, 24(12): 1565-1567.

[15] Morotti A, Poli L, Leuci E, et al. Subarachnoid extension pre-
dicts lobar intracerebral hemorrhage expansion|[]]. Stroke, 2020,
51(5): 1470-1476.

[16] Salman RA, Frantzias J, Lee RJ, et al. Absolute risk and predic-
tors of the growth of acute spontaneous intracerebral haemorrhage :
A systematic review and meta-analysis of individual patient data
[J]. Lancet Neurol, 2018, 17(10): 885-894.

[17] Lambin P, Rios-Velazquez E, Leijenaar R, et al. Radiomics: Ex-
tracting more information from medical images using advanced fea-
ture analysis[ J |. Eur J Cancer, 2012, 48(4): 441-446.

[ 18] Gillies RJ, Kinahan PE, Hricak H. Radiomics: Images are more than
pictures , they are data[ J ]. Radiology, 2016, 278(2) : 563-577.

[19] Lambin P, Leijenaar RTH, Deist TM, et al. Radiomics: The
bridge between medical imaging and personalized medicine [J].
Nat Rev Clin Oncol, 2017, 14(12): 749-762.

(20 CLA, A SCHE. Ak 1 B 78 45 10 Y IR MK A D RE S
FAEBIFELT ], RSS2, 2024, 41(9): 793-798.

[21] Zhou Z, Wu X, Chen Y, et al. The relationship between perihe-
matomal edema and hematoma expansion in acute spontaneous in-
tracerebral hemorrhage :

[J]. Front Neurosci, 2024, 18: 1394795.

An exploratory radiomics analysis study

[22] Zaman S, Dierksen F, Knapp A, et al. Radiomic features of acute
cerebral hemorrhage on non-contrast CT associated with patient
survival[J]. Diagnostics (Basel), 2024, 14(9): 944.

[23] Zhu DQ, Chen Q, Xiang YL, et al. Predicting intraventricular
hemorrhage growth with a machine learning-based, radiomics-
clinical model [J]. Aging (Albany NY), 2021, 13(9):
12848.

[24] Chen Q, Xia T, Zhang M, et al. Radiomics in stroke neuroimag-

12833-

ing: Techniques, applications, and challenges [J]. Aging Dis,
2021, 12(1): 143-154.

[25] Hilkens NA, Casolla B, Leung TW, et al. Stroke [J]. Lancet,
2024, 403(10446) : 2820-2836.

SREASC R B AT A LT CT AU AL A i s i 3k
Bl 27 ) T A AU W5 (1], RS i 22 i A ik, 2025, 42(6) -
540-544.



