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[ Abstract] Conventional maximum intensity projection (MIP) images tend to ignore some morphological features
in the detection of intracranial aneurysms, resulting in missed detection and misdetection. To solve this problem, a new
method for intracranial aneurysm detection based on omni-directional MIP image is proposed in this paper. Firstly, the
three-dimensional magnetic resonance angiography (MRA) images were projected with the maximum density in all
directions to obtain the MIP images. Then, the region of intracranial aneurysm was prepositioned by matching filter.
Finally, the Squeeze and Excitation (SE) module was used to improve the CaraNet model. Excitation and the improved
model were used to detect the predetermined location in the omni-directional MIP image to determine whether there was
intracranial aneurysm. In this paper, 245 cases of images were collected to test the proposed method. The results showed
that the accuracy and specificity of the proposed method could reach 93.75% and 93.86%, respectively, significantly

improved the detection performance of intracranial aneurysms in MIP images.
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Fig.4 Pre-position of intracranial aneurysm
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Fig.7 Results of MIP image detection by different methods

49 1], v AU PN B KR AR A 62 1] /N P B ik
JEREAS 20 BIFNAPEREA 114 ]

ALK HIE Windows 10 REE F 5EAL, HAK
fii & & Intel(R) Xeon(R) Silver 4210R CPU @
2.40 GHz 2.39 GHz, GPU > NVIDIA RTX A6000,
AR T 2T Matlab 5 Python HIR &
ZWFE, Matlab A A 2020, Python AN 3.7,

2.2 TR ERAE

R T E RV AS SCHR ALY B, SEgR R
DL PUASF8 R AE R 1 BE A PEAN A o . IE B R
(Accuracy) | Ki#fi*% (Precision) | fUR B (Sensi-
tivity) . FEF1 (Specificity) o 1EH R F /R IEAf Rz
PIREAS 7 SREAS Y O], R B 3R s PR A
AEB A VEREAS Y L], USRS R BHEFE AR B E 1)
For 2 ) ], e SRR IR AR | B
FEA LG, TR AN AR

TP + TN

A = 10
CMRAY T TP Y TN + FP + EN (10)
Precisi 1P (11)
recision = ———
TP + FP
TP
Sensitivity = —— 12
ensitivity TP+ FN (12)
N
Specificity = ——— 13
pecificity TN * TP (13)

Hiif | TP (true positive) 7 FHPEAE A 1E
T >k FHAE B8, PN (false negative ) 267 BH: R
AR PR R, FP (false positive) %

71 B A AS A e T Ry BH M ) 280, TN (true
negative ) &7 BHPEREASBE 1R 5 7028 R BH M A B0
2.3 EWHER

AR A CH P 5 Res2Net, SE-Res2Net
CaraNet #E17 TR BE A & A E = L. B 7
=4 IR O R A (10 mm) . Y (4 mm) | /R
(2.7 mm) =1 /51 N 3l B A R I 28 5, 56— 41
B A F bR LN s IR, A8 AN [ SE A
R 5 . S —AT AT AR, X T 10 mm 9
Fi5i N Bl [k JEd , Res2Net - AR 4K 2 i N 30 kg, 1
Hh = A5 R 35 OF ks 0 s B bR . AH BT SE-
Res2Net, CaraNet DA & SE-CaraNet #il] H 59 fiit N zh
ok Jeg DX 3l B hn B T BR AR Fahdnic B R . B AT
S 4 mm ROST Y fit N 3l Dk oR R A 45 21, SE-
Res2Net AAG M 2] H AR, Res2Net Failll i i & —4~th
H#¥5, 1 CaraNet 55 SE-CaraNet 248 %0600 H 51 PN
Bl . AHECTRIPIAT RS BRI i sl ke, /s
PPN B ok I8 ARSI ME B2 T 5, A SE BEHR) SE-
Res2Net 5 SE-CaraNet 74 %R H 1T /5t P 8 ik
Jed, T o FN PR R A AN ) H AR o

BEAR, AR SCHA K etk (19 51k 55 Res2Net, SE-
Res2Net DL N5 iR ) CaraNet AU 15 &L PPAl,
He Rk 1 iR, WE -5 LIE B B2
Res2Net ift & CaraNet, Il A SE i 2 J5 iR IE
B RAE R AR B i B A BT, A SCRERL RS
THREBIERME, NE =90 LA,
CaraNet #AYAH I T ResNet #AY fl) fL #FE T HAKS

http://www.biomedeng.cn


http://www.biomedeng.cn
http://www.biomedeng.cn

234 Journal of Biomedical Engineering, Apr. 2024, Vol. 41, No.2
*1 EEFEEEIER
Tab.1 Quantitative indicators of model evaluation
Bk Accuracy Precision Sensitivity Specificity
Res2Net 0.7878 0.8559 0.7252 0.8596
SE-Res2Net 0.8408 0.8966 0.7939 0.8947
CaraNet 0.7959 0.9355 0.6641 0.9474
SE-CaraNet (A< () 0.8653 0.9375 0.8015 0.9386
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Fig.8 Intracranial aneurysms in omni-directional MIP images
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Fig.9 Intracranial aneurysm detection results when vessels are covered
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