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Abstract

This paper aims at the occurrence of hematoma dilatation after hemorrhagic stroke. A self-attention
convolutional neural network model is established to predict its expansion probability. Based on
the patient’s personal history, disease history, post-treatment imaging information and related
features, the model predicted the probability of hematoma enlargement within 24 H after surgery
for all patients. Self-attention mechanisms can capture long-distance dependencies in input se-
quences. Compared with the traditional convolutional neural network, it is not limited by the local
receptive field, and can conduct global correlation modeling on the whole input sequence, and the
prediction accuracy reaches 97.5%. To some extent, this model can help medical staff to judge the
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recovery of patients after surgery.

Keywords

Convolutional Neural Network, Prediction, Stroke, Hematoma

Copyright © 2024 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. 51§

P i 2 R o L PO L R R R A A ) 10%~15%. B T ARSM Pk
S PN IS AR AR T 5 G I S IR A R R A SR, LI T R R I S AR R sl
ik S A o X R A BUM B AL SRR 0o R A b AR AR R S, R SR IR,
T A 1] #8501, HIRAEREIE 45%~50%. BIfE 247 Fok, £ 80%[r) 3 th 48t By M & (X 4
S OIReRElT, X MR R UK T UTE A R, SRS W i A AR
B, PR A R DR B A AR T A It T LA R R IR R R R A
RS o X T L B H L P 2 i ) SR R, I TRl 8 KR Pilja BRI Rz — . v
Y K SERN RORE G I, #E—PFRAN, mEML DR, EEaRERA . B,
S R4 ) L 08 5K RSO e PR OGVE AR B o IR, L ] T 0 7K 10 A i S L b A Pk 045 B bR i 22
—[2]. Mufi A K 2 SBUMALARZ I, Bt o fThae, INEMNAZR 0T, i E &
H AL D RERERS .

AR, BREEARBOR ) KA 9 TE B 3h 28 W It o A2 i 2 o i o 4 245 05 s AR 4R 3k 145 77 10
FB AN, AT REROAR 2 N il s s AR FE 2 ST A e i ok 1R ROpLIE . Tl A
HRBES BEDNEE . 677 RS S50, MR a2 R, n] DUSE AR N B 1 R
SYrBG FFRAE TN S R BAT AL RIRTT o XTI B R R R MR R . B, Bt
AR A b S B OSSR, B Ik B R A AR R, BEAT RS RUR AT SN S A O FE A 3] G 4
BB NL S B  RIR RS AR SER 2R, AT LA R8I b i P 33 2 A6 A DR o

K2 LR A R SR I, TR AT RS W S OGP AE R BRI
TRRERINL . FT DASEBLN H oA i 2 r G 4 245 0 R A ) AT, Dl PR SR B R A AR
i, BCEBENTUG . K9 MRS BB R R, IR RR KR FU A PR S B S 4 5 22 (R LI
AR [4]. A FCRm AREOE S B T H IL  2E v E h ke DRUR: AR i i ] L 7K B e 1]
R, A SRR R, 1M B R IILE K — ZEGAR[S] T H i 1 i 4 o
BT ARG 48 /NS P9 AL A A AR

2. Bk
2.1. Mmpdi\E

I 5K AR5 B ARG 48 /NI A Ji5 22 R £ B ke 7 FC LB A 4 0 A AR N & 22 T 6 mL SR X
PRI 33%LA L, BIASE ML SREFHE[6] [7]. 5 EEARGER 1 PR BB RUK SR,
FORENE GG A (A [FIRE, LLKAR 2 rp % N IR) R K 5 Boes S A Ik (A (HM_volume) 5 £, 1

DOI: 10.12677/m0s.2024.132152 1616 e RSE TR


https://doi.org/10.12677/mos.2024.132152
http://creativecommons.org/licenses/by/4.0/

T

AT 100 44 H#% (sub001 % subl100)s& A7 7L ML 5K FAF . [R5 R T B FAAR W a6 R A i
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Table 1. Patient’s age and background information
F 1 BEFREHEERER

5 e MR mMURRR ASREsL BEROmSR .. dAdE Ol PR
sub001 43 i 0 0 0 0 0 0
sub002 58 5 1 0 0 0 0 1
sub003 78 LH 1 0 0 0 0 0
Sub100 80 9B 1 1 0 0 0 0

Table 2. Imaging information from the patient’s medical examination

F2 BEREHERER

e Bk HM_ H M_AC_A_ ED_MC_A_L_ ED_PCA_L_ ED_Pons_MeduIIa_ ED_Cereng lum_
volume R_Ratio Ratio Ratio L_Ratio L_Ratio
sub001  20161212002136 69714.00 0.00 0.00 0.00 0.00 0.00
sub002  20160406002131 47500.00 0.50 0.00 0.00 0.00 0.00
sub003  20160413000006 86396.00 0.05 0.00 0.00 0.00 0.03
Sub100  20161222000978 14832.00 0.00 0.34 0.08 0.00 0.00
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Figure 1. Schematic diagram of one-dimensional convolution process
E 1 —#4#ERNgRrEE

A = ML 5 4 TBORRR T 3 77 (SDAY WL L 22 Sk 3 71 (MHA) FLE 43 [10] . SDA X HIAN T
B X e rtmst, T RmRG). (6) (NFn, BEEME Q. Kl V:

Q=W,X ®)
K =W, X (6)
V =W,X ™

S Q A K A FEIK AAHER LA D, HEATARLEE 5, AR b IRk, Tl softmax B 5l
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3.1. BUETALIE

Kl A B 1 2 7 BRI e A R A AT AR, HERRBLME . R E. HKIRIEGE A
TK B R P RIRHATIC R . W% 1 F SRR 2 FiTRK S8 HA B 2 A% b (0 Kt ) 28 g 39
—ER R IIE SRS TAEMRIT . BRIEKILIT NEF RS WoKT. F#. A EIR mRS . &
FWE MU VAT BE RS B BOK I AR AL B SRR R B K R TR K
IRIE X AR [LL AR T

HTFEIEALE S, SAEWDEK T Bl Matlab SHUE 1. % 2.0 FFFIH ATk 45K k)
E|l kR, XEFEER, BEWRKSLEETH, N THERRKS S EE GRS A RESE LR
B, Z0KE ] — R B R B K S R — AL DA A8 . R IR A RS 25 (R B TR 5 8 TR 2
[ s T

NTEBIAFIONE, KL LR BT LT R RN LR 2, B EE R A IR K
HAR 5, R B AR SRR, WIACFEIEN . AT B REEE RS, o T ER S
W, 2 e KR = AN RIS AU EE 1 T B A B . A3 5 Bt (10 58 B R AR (1K /N 592 x 100, T3
Wit Z, AHERER, R EREWE 3 Fir.

Table 3. Individual treatment and imaging information of patients
#3 BEMNEGTTEREERERR

e ik MWL HM_y ED_v firstond 61 variance
sub001 20161212002136 2.5 69714 48919 . 116.1412
sub001 20161213000009 8.2683 74902 57898 ... 96.3203
sub001 20161218000100 132.1083 70952 81747 . 145.689
sub002 20160406002131 3 44029 23526 . 53.0762
sub002 20160407000424 14.9233 47500 23390 .. 63.2099
Sub100 20200218000582 3 53154 14430 . 114.1912
Sub100 20200219000588 26.5333 126642 19019 . 142.6705
Sub100 20200821002584 4 49019 18622 .. 92.4636
Sub100 20200822000947 17.4833 100470 28683 ... 175.265

AL TR R AR DA R B B R, SR RS A BN AR AR 5 2 e B AR A A A I P AR AR
PR, [RIIN AC SR AR UL AN P ARG A (R I 8] s, RS 20 08 SR R T R AR sk Ao ke B
K2 fome B OAPANME, SRR M TR A A A R S5 SR L R A 4.
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Figure 2. Flow chart of pre-processing of hematoma expansion
data

Bl 2. mApd skBIRETAERIZE

Table 4. Postoperative results of patients and the time of occurrence of hematoma
4. REBEHERELZE MR E ML £ FIETE

] H R AR S R KA MR, 0 75) LuliiiE A SR (G|
sub001 20161212002136 0 0.00
sub002 20160406002131 0 0.00
sub003 20160413000006 1 9.52
Sub060 20200821002584 1 13.56
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Meo HAdmASH 72 48, fthai Ry 0801, BRI oRIAS A Az o i

CNN HERS G EXPERUZI RN s s, BRI RS RO AT ik 3. A ORI T BIEED
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Figure 3. Flow of self-attention convolutional neural network
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16 GB W%, &K 1650Ti, EAF 4G M sh TIEus LTI .
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Figure 4. Plot of training loss for the proposed prediction model
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Zeid 1000 RIJIIZR, Pt K N S B O SR AL TR UIRES,  Beik RIS I A A5 [ 1
iR R A, #ERRERIAE] 97.5%. TS R 5 fir.

Table 5. Comparison table between predicted results and real results
F 5 MNGEREELLERT TR

BHE RS A I i TR

sub061 0 0

sub062 0 0

sub063 1 1

sub100 1 1
4, &5

AL ST (AR SKFAFRER AR, 5 R L AT DA B S KR R R # . AL
THRGNERMEMLE, EARZRAERZE RS, RN LT 2R R, T
BB NS, BRI AR TT AR R LA LS50 B 25 A RT AT RN i th Bt o g7 5K =4 1
B AT, HUH 100 (3 a7 5 BAE AN 2 T 5o eadillgk, i iR AR i i B R
Ja B IRAAGAS E G5 SRAAR SAR IS 000 e i fi A 75 5 B O HERA SR IR 1) 97.5% . £ S B B v aT DA B =
XS B BATIRYT, IR & BRI R .
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