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Tém tit: Bénh dong mach vanh dang la mét trong nhitng nguyén nhan hang dau gay tir
vong trén thé gidi. Hién nay, chup xa hinh twéi mau co tim (MPI) bang mdy chup cat Iop
phat xa don photon (SPECT) la phwong phdp tién tién dang dwoc sir dung dé phat hién va
chan dodn cdc ton thwong co tim. Viéc xday dyng cdc mé hinh hoc mdy phuc vu hé tro
chin dodn bénh la can thiét nham tiét kiém thoi gian va gia tang do chinh xdc trong chan
dodn. Trong bai bdo nay, nhém tac gid dé xudt mang no-ron do thi gitip hé tro' chan dodn
cdc ton thuwong co tim. Dir liéu anh duoc biéu dién thanh do thi sir dung thudt toan phdn
cum pixel. Do thi dugc dia vio mang dé hudn luyén, trich xudt ddc trung va dwa ra két
qua chan dodn. Két qud, cic mé hinh thir nghiém lan lwot cho dé chinh xdc nhir sau:
GCN: 79.34%; GatedGCN 78.45%; GAT: 76.42%; MoNet: 80.1%

Tw kh(’):{ : Chup ct 16p phat xa don photon (SPECT); Bénh dong mach vanh, xa hinh tuéi mau co tim (MPI); Mang
no-ron do thi (GNN).

1. PAT VAN PE

Theo s6 liéu cia WHO nam 2015, bénh dong mach vanh gay ra cai chét cua khoang 8,8 tri¢u
nguoi, chiém 15,5% téng s6 ca tur vong trén toan cAu. Tai Viét Nam, cac bénh ly vé tim mach,
chu yéu 13 bénh dong mach vanh, da cudp di sinh mang ctia 200.000 ngudi mdi nam, chiém V4
tong sd ca tir vong. Trong khi d0, viéc chan doan bénh cuia cic bac si doi hoi nhidu thoi gian dé
phan tich, hoi chan va phu thudc vao nhitng yéu t6 nhu chat lwong hinh anh, kinh nghiém.

Céac mang no-ron hoc sau dang ndi 1én 13 mot phuong phép hiéu qua dé phat hién va chén
doan bénh dua trén hinh anh [1-3]. Trong chan doan bénh déng mach vanh, hoc sau ciing mang
lai nhitng két qua an tuong [1, 4]. Mang no-ron tich chap trong nghién ctru [4] c6 d6 chinh xac
chan doan 14 82,3% trén bo dir liéu bao gdm 1638 anh cuc.

Trong bai bao nay, nhom tac gia d& xuit mot phuong phap str dung mang no-ron db thi nham
phan loai anh cyc SPECT. Thay vi st dung tryc tiép cac anh cuc dé huan luyén cho mo hinh, anh
cuc s& dugc bién d6i thanh d6 thi va nhitng d0 thi nay chinh 1 ddu vao giap mé hinh hoc va cap
nhat tham sb.

2. PHAN LOAI ANH CUC SPECT BANG MANG NO-RON PO THI

2.1. Mang no-ron dd thi (Graph Neural Network)
2.1.1. Gidi thiéu

Cac mang no-ron do thi (Graph Neural Network) ra doi gitp giai quyét nhiing bai toan ma dur
liéu dau vao ctia né dugc bieu dien dudi dang cac do :chi va dang thu hut dugc nhi‘éu su chu y boi
tiém néng cua nd da dugc ching minh khi giai quyét nhiing bai toan thudc nhicu linh vuc hoa
hoc, vat 1y, khoa hoc xa hoi,... [5, 6].

Dir liéu dang anh ciling co thé duoc biéu dién thénh dang cac dé thi, don gian nhéat 1 coi mdi
pixel cta anh 1a mét nit cuia d6 thi va cac pixel gan nhau dwoc n6i voi nhau coi nhu cac canh.
Qua do6 co thé ing dung cac mang no-ron do thi cho bai toan phén loai anh. Céc loai mang no-
ron do thi dugc lya chon cho bai toan phan loai anh cuc bao gom: GCN [7], MoNet [8], GAT [9]
va GatedGCN [10] day 1a cac mang no-ron d6 thi ma dic trung & mdt ntt s€ dugc cdp nhat dua
trén cac nut hang xo6m ctia nat do.

Mo hinh 4p dung mang no-ron do thi cho bai toan phan loai anh cuc dugc cho & hinh 1.
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Hinh 1. M6 hinh tong quan dp dung mang no-ron do thi cho phdn loai anh cuec.
2.1.2. Kién tric mang no-ron dé thi cho phan logi anh cyc
Dit liéu dau vao cua mang la dd thi G véi sb nat V va tap cac canh E ma mdi nut i ctia nd s&
dugc biéu dién bang mot vec-to dic trung ; € R** ! va mdi canh tir nut i dén nut j duge biéu
dién boi mot vec-to f3; i € RP X1 Cac dic trung a; va f3; j s€ duge anh xa sang céac dac trung 4n
hi=0 va el-l]-=0 thong qua mot tang embedding. Cu thé la:

h) =U; + u® (1)
eioj = Voﬂij + 1.70 (2)

Trong do, U° € R**4, VO e R**P va u° v° € R? lan luot cac tham sd cua ting
embedding. Cac tham so nay s€ dugc cap nhat dan thong qua qua trinh huan luyén ciia mang. Gia
tri dau ra cua tang embedding nay s& dugc dua vao cac 16p ciia mang no-ron do thi.

Goi h} 1a vec-to dic trung & ting no-ron d6 thi [ ciia nut th i. D6i v6i cic mang no-ron db thi
duoc st dung trong nghién ctru nay thi dac trung nay khi di qua tang [ + 1 sé duogc cdp nhat
thanh h! *1 theo cong thirc tong quat nhu sau:

l Uipl.: s
hi+1=f(hir{hj-l—’]}) (3)

Trong d6, {i — j } 1a tAp hop cac nut j cd két ndi dén nit i. Ty thudc vao cac loai mang no-
ron d6 thi khac nhau ma dang ham f cling s€ khac nhau.

Kién triic cia mang no-ron db thi sir trong trong bai toan phén loai anh cuc duge cho & hinh 2.

Diic trumg nit § —Embedding £ Lop thi ¢ (4], () Lop thie £+ 12 {1, (e}
Cdc 16p MLP
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Lép déu vao Céc 16p mang no-ron 46 thi Lép du doan
Hinh 2. Kién tric tong quan ciia mé hinh dwoc sie dung trong bai todn phan logi anh cuc [11].
Sau khi qua L ting mang no-ron dd thi, cac dic trung cua cic nit ¢ ting L — tng no-ron do
thi cudi cung, s€ dugc két hgp qua cong thuc:
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’ Két qua s& dugc cho di qua mdt 16p no-ron théng thuong (multi layer perceptron) dé cho ra
két qua du doan cudi cung 1a x4c suat cd bénh va khong c6 bénh dong mach vanh.
3. MO PHONG, TiINH TOAN, THAO LUAN
3.1. Dit liéu thi nghiém
B dir ligu gdm 2011 anh cyc tir cac ca chup SPECT tim dugc Iy & Khoa Y hoc hat nhan -
Bénh vién TUQD 108. Nhan cua dit liéu dugc lay tir két qqé ho1 chan cf}a cac bac si. Tap dir li¢u
s& dugc chia lam 3 tap con: Train, Validation va Test vdi s6 luong cu thé ting tap nhu sau:
Bing 1. Thong ké cdc tap dir liéu.

S6 miu | Khéong c6 bénh mach vanh | Cé bénh mach vanh
Train 1648 659 989
Validation 100 46 54
Test 263 99 164
Tong so 2011 804 1207

Cac md hinh tht nghiém sé lan luot duoc huén luyén trén tap Train va kiém dinh trén tap
Validation cho dén khi khong co6 sy cai thi€n trén tdp nay nira thi két thuc. M6 hinh két qua cia
qué trinh huan luyén s€ duoc kiém tra d§ chinh xac trén tap Test.

3.2. Chuin bi thyc nghiém

Anh cyc s& duge chuyén dbi sang dang do thi bang cach sir dung cac super-pixel. Mdi super-
pixel bieu dien cho mot ving nhé trén dnh ma cac pixel & trong vung dé c6 gia tri d6 sang xap xi
nhau. Pau tién, cac super-pixel & moi anh s€ dugc tinh ra bang thuat toan SLIC [12], moi super-
pixel nay s€ dugc coi la mot nat ctia do thi. Ma tran trong so0 W cua do thi s€ dugc xay dung
tuong tu voi thuat toan k-nearest neighbor, véi cac phan tir dugc xac dinh nhu sau:

2
WENN = exp (- [l — x|

2 ®)
Gx

Trong dé: x;, x; 1an luot 1a cac toa do hai chiéu trén anh cia cac super-pixel thir i va tht j; o,
dugc goi 1a tham sb ti 1¢, tham sb nay duoc xac dinh cho ting nat va dugc tinh bang trung binh
khoang cach ctia k ntit gan nhat vai nat do.

Sau khi tinh ra ma tran k&, mdi nat sé tao lién két véi k nat gén n6 nhét tinh theo cac gia tri
Wi’J‘-_N N Vi thé ma tran ké s& duoc cap nhat lai sao cho mdi nut chi lién két voi k niat gan no nhat,
cac nut con lai s€ co trong ) béng 0. Vi du vé anh cuc dugc chuyén sang dang dd thi duoc cho &
hinh 3.

410.3%(G)

(b) (c)

Hinh 3. Anh cuc dwoc chuyén sang dang do thi bang cac super-pixel: (a) Anh goc; (b) Anh chi
gom cdc nut cua do thi (cac super-pixel); (c) Anh gom cac cac nut va cac canh cia do thi
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Dic trung clia mdi nit s& bao gém cac gia tri mau RGB va toa do cta super-pixel ing vi nut
d6. Pic trung clia canh tir nat i dén nat j s& 14 s& 1a gia tri Wi’]‘-_N N,
3.3. Két qua thir nghiém va binh luin
Céc mo hinh dugc danh gia dya trén d chinh xac:
S$6 mau dv liéu duwgc phan loai dung

b6 chinh xac = — — x 100 (6)
Tong s6 mau dix liéu

MJi mé hinh s& duoc huan luyén ldp lai 3 1an, gia tri d6 chinh xac cudi ciing cho mé hinh s&
dugc iy bang trung binh trén 3 1an huan luyén nay. Bén canh d6, ching t6i ciing tién hanh thir
nghiém véi mot sb kién trac dua trén mang tich chap (Convolutional Neural Network-CNN)
nhu: VGG11, Inception-v3, Resnet152, Efficientnet-B3 dé so sanh. Két qua do chinh xac dugc
cho ¢ bang 2.

Bing 2. Két qua dj chinh xdc ciia cdc mé hinh thir nghiém.

M6 hinh P§ chinh xac
GCN 79.34
GatedGCN 78.45
GAT 76.42
MoNet 80.10
VGG11 79.18
InceptionV3 58.94
Resnet-152 77.42
EfficientNet-B3 75.37

C6 thé thay duge hiéu ning ciia cac mang d6 thi khong kém hon so véi cac mang tich chap
v6i d6 chinh x4c cua cao nhat cia moé hinh mang no-ron d6 thi dat duoc 13 80.10% khi sir dung
mang MoNet. Két qua ndy mé ra mot con duong méi cho bai toan phén loai anh cuc, thay vi ap
dung cic mang no-ron tich chip thuong thiy ¢ cac bai toan phan loai anh thi mang no-ron d thi
cling 1a mot huéng di co kha ning cai thién két qua cua bai toan phén loai anh cuc.

4. KET LUAN

Tir nhitng két qua thuc nghiém trong bai bao cho thiy, viéc ap dung cac mang no-ron do thi
cho chan doan bénh mach vanh dya trén anh SPECT tuéi mau co tim dem lai cac két qua kha
quan. Do chinh xac khi phan loai cic anh cuc ciia mang no-ron dd thi ¢ thé so sanh dugc voi
céc mang hoc sdu phd bién thuong dugc ap dung cho cac bai toan phén loai anh.

Nghién clru trong bai bao dua ra mét hudng tiép can madi cho bai toan phan loai anh cuc,
chuyén tir phan loai anh sang phan loai do thi v6i kha ning cho két qua twong dwong hay c6 thé
1a t6t hon phuong phéap st dung cic mang no-ron tich chap.

Trong tuong lai, chiing toi s& tiép tuc nghién ciru dé cai thién hiéu ning cia mang no-ron dd
thi cho bai toan phan loai anh cyc. Cac hudng cai thién s€ tap trung vao viéc thir nghiém cac
cach thire xay dung dd thi tir anh, céc kién trac mang no-ron dd thi khac nhau, céc 16p pooling
cho mang no-ron do thi.
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ABSTRACT

DETECTING CORONARY ARTERY DISEASE ON POLAR IMAGES
USING GRAPH NEURAL NETWORKS

Nowadays, myocardial perfusion imaging (MPI) with single-photon emission
tomography (SPECT) is an advanced method used to detect coronary artery disease
(CAD). However, analyzing and diagnosing CAD from SPECT images are a difficult,
time-cosuming job and depends heavily on the experience of the doctors. In this paper, we
propose a method using graph neural networks on polar maps from SPECT image to
detect CAD automatically. Polar maps are transformed into graph using pixel clustering
algorithm. Graphs are then fed into the network for training, extracting features and
predicting the labels. The experimental models in turn give the following accuracy: GCN:
79.34%; GatedGCN 78.45%; GAT: 76.42%; MoNet: 80.1%

Keywords: Single-photon emission tomography (SPECT); Coronary artery disease; Myocardial perfusion imaging
(MPI); Graph neural networks.
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