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Nghién ciru hiéu qua mé hinh hiéu chinh nhiéu suy giam
trong SPECT xa hinh twéi mau co tim

Effectiveness of using deep learning model with attenuation correction

in myocardial perfusion imaging by SPECT

Chu Minh Pire, Nguyén Ngoc Dwong,

Tran Vin Nhuin, Mai Hong Son

Tom tat

Muc tiéu: Danh gia kiém tra hiéu qua cda viéc sit dung mé hinh deep learning (Hoc sau) vai viéc hiéu
chinh suy gidm nhiéu trong hinh anh xa hinh tusi mau co tim bang SPECT. Déi tugng va phuong phdp: St
dung kién triic mang 3DUnet-GAN dé hiéu chinh suy gidm nhiéu dgi véi cac hinh anh SPECT khéng hiéu
chinh suy giam (NC) dé tao anh SPECT ¢ hiéu chinh suy gidm (AC). Hinh &nh sinh ra tr mé hinh Al ducc
so sanh vai hinh anh SPECT/CT (TrueAC). So sanh danh gia két qua ctia moé hinh vai kién truc ResNet va
phuong phap Chang AC, xem xét hé sé suy gidam déng déu trong ca thé. Danh gia hinh anh sinh ra tu
mo hinh véi hiéu qua dem lai trong lam sang. Két quad: Nhin chung, viéc sinh anh hiéu chinh suy giam
(AC) ti mé hinh s dung kién tric mang Al dua trén hinh anh CT, vugt troi hon dang ké so véi phuong
phap Chang. Cac moé hinh ResNet va 3DUNet-GAN c6 két qua vé sai s6 trung binh ME lan lugt la -6,99 +
16,72 va -4,41 + 11,8 va chi s6 cau tric tuong dong SSIM lan lugt la 0,99 + 0,04 va 0,98 + 0,05. Trong khi
phuong phap CHANG c6 cac két qua ME va SSIM lan lugt la 25,52 + 33,98 va 0,93 + 0,09. Két ludn:
Phuang phap st dung hoc sdu may tinh dé khir nhiéu anh SPECT ¢4 tiém nang st dung dugc cho cac co
sG chi stt dung cac may SPECT don thuan.

Tur khod: SPECT xa hinh tudi mau ca tim, tri tué nhan tao, hiéu chinh suy giam.

Summary

Objective: To evaluate the effectiveness of using deep learning model with attenuation correction in
SPECT myocardial perfusion imaging. Subject and method: Use the 3DUnet-GAN network to attenuation
correction for SPECT without attenuation correction (NC) images to generate attenuation corrected (AC)
SPECT images. The image generated from the Al model is compared with the SPECT/CT image (TrueAC).
Compare and evaluate the results of the model used with ResNet model and Chang AC method, the
coefficient of uniform decline in body contour. Evaluate model-generated images with clinical
effectiveness. Result: Overall, the deep learning solution exhibited good agreement with the CT-based
AC, noticeably outperforming the Chang method. The ResNet and 3DUNet-GAN models resulted in the
ME (count) of -6.99 + 16.72 and -4.41 £ 11.8 and SSIM of 0.99 + 0.04 and 0.98 + 0.05, respectively. While
the Chang approach led to ME and SSIM of 25.52 + 33.98 and 0.93 + 0.09, respectively. Similarly, the
clinical evaluation revealed a mean TPD of 12.21 + 8.28 and 12.00 + 9.21 for the ResNet and UNet
models, respectively, compared to 11.95 £ 9.37 obtained from the reference SPECT CT-AC images. On
the other hand, the Chang approach led to a mean TPD of 14.26 + 8.19. Conclusion: The method of using
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computer deep learning to attenuation correction SPECT images potential to be used for facilities that
only use SPECT machines, assisting doctors in diagnosing images and reducing the pressure on work

intensity for medical staff.

Keywords: Al, SPECT, myocardial perfusion imaging, attenuation correction.

1.Pat van dé

Xa hinh tudi mau co tim dugc ung dung réng rai
trong thuc hanh 1dm sang nhu mét phuong phap dé
chan doéan ciing nhu tién lugng bénh déng mach
vanh [4].

DPé chan doan chinh xac bénh déng mach vanh
thi nhiéu anh trong xa hinh tudi mau co tim luén la
thach thuc cho cac bac siy hoc hat nhan. Mot trong
nhiing yéu t6 anh hudng dén chat lugng anh chup
SPECT la hiéu Ung suy gidm cla buc xa khi di qua
cac md, co quan co thé gay ra nhiéu suy giam trén
anh. Nhiéu suy gidm gdy ra cac viing khuyét xa trén
hinh @nh SPECT xa hinh tugi mau co tim (myocardial
perfusion imaging: MPI), gay khé khan trong phan
biét khuyét xa do bénh déng mach vanh hay do
nhiéu suy giam, lam giam d6 dac hiéu cla phuong
phép va dan dén duang tinh gia trong chan doan.

Phuong phap hiéu qua nhat trong hiéu chinh
nhiéu suy giam trén anh chup SPECT xa hinh MPI
hién nay la s& dung CT trong hé thong SPECT/CT.
Bén canh viéc cung cap hinh anh cau trac, ky thuat
nay co thé tao ban do hiéu chinh suy gidm cho tiing
bénh nhan vGi dé nhiéu tuong déi thap va chat
lugng hinh anh cao. Tuy nhién, cac ban d6 hiéu
chinh suy gidam nay thudng xuat hién sai léch gila
qua trinh chup anh phat xa va chup anh truyén qua
do chuyén doéng khéong déng bd cha cac khéi ghi
nhan hinh dnh hoac do chuyén dong ctia bénh nhan
trong khi chup hinh. Hon n(ra, st dung CT con gay
tang liéu chiéu cho bénh nhan. Bén canh dé, s6
lugng hé thiét bi két hgp chup SPECT va SPECT/CT
clng chi chiém khodng 20% t6ng s6 cac thiét bi
chup &nh SPECT trén thé gidi.

Gan day, cac phuong phaép tiép can dua trén tri
tué nhan tao, dac biét la cac thuat toan hoc sau [5],
da cach mang héa viéc tao ra ban dé hiéu chinh suy
gidm cho tiing bénh nhan ma khéng can chup CT.
Tuy nhién, cdc nghién ctu Ung dung chiing minh
gid tri cla tri tué nhan tao trong viéc hiéu chinh hiéu
(ng suy giam van con chua nhiéu. Do vay, muc tiéu

cla nghién ciru nay nham muc tiéu: Khdo sdt hiéu
ndng va ddnh gid kha ndng dp dung mét s6 mé hinh
hoc sdu tu tao ban dé hiéu chinh nhiéu suy giam dng
dung trong chup xa hinh tuéi mdu co tim bdng thiét bi
SPECT tai Bénh vién Trung uong Quan déi 108.

2. Déi tugng va phuong phap
2.1.Déi tuong

Hinh anh xa hinh tudi mau co tim cla bénh
nhan cé chi dinh chup xa hinh tai Khoa Y hoc hat
nhan (YHHN), Bénh vién TUQD 108. Téng s6 200 tép
anh cia 100 bénh nhan dugc chup xa hinh vai *"Tc-
sestamibi cho 2 pha nghi va gang suic theo quy trinh
chup hinh theo hudng dan cta Héi Y hoc hat nhan
chau Au 2015 [5]. Hinh &nh SPECT va CT dugc thu
thap trén may SPECT/CT Discovery NM/CT 640 (GE
Healthcare).

Tiéu chuan lua chon bénh nhan: Bénh nhan c¢é chi
dinh chup MPI dé chan doan bénh déng mach vanh va
hinh anh SPECT/CT dat yéu cau vé chat lugng.

2.2. Phuong phdp
Kién triic mang Deep Learning

Tai Viét Nam, theo xu huéng hién tai 4p dung tri
tué nhan tao vao linh vucy té&, cu thé nhu trong linh
vuc y hoc hat nhan vé viéc xt ly loai bo nhiéu suy
gidm tu hinh anh xa hinh tugi mau co tim. Nhém tac
gia Nguyén Thanh Trung va cong su st dung mang
3DUnet-GAN trong giai quyét bai toan hiéu chinh
suy gidm da va dang dugc thd nghiém tai Khoa
YHHN-Bénh vién TUQD 108 [7]. Kién tric nay la su
két hgp clia 2 kién truc chinh la Unet va GAN. Trong
do, Unet dugc st dung trong phan generator cua
mang GAN.

Dé xuat mé hinh 3DUnet-GAN hiéu chinh nhiéu
suy giam tu co s& 16p mang 3D CNN va y tudng cla
mang Unet. Kién tric cia mo hinh dugc mo ta trong
Hinh 1. Trong mo hinh nay, cac I6p tich chap cé kich
thudc kernel 1a 3x3x3 va st dung ham kich hoat ReLU.
Viéc st dung 3D CNN sé cho phép lay dugc cac dac
trung ¢ mai lién hé khéng gian gilta cac lat cat.

99



JOURNAL OF 108 - CLINICAL MEDICINE AND PHARMACY

The Scientific Conference on Nuclear Medicine Update, 2023

DOI: https://doi.org/10.52389/ydIs.v18iYHHN.1928

Hinh anh chwa qua ‘B‘[ng;:rrcr]a
hiéu chinh [NC]64 & 64464 64 B4 6 1
2 = (T
= @
2 S > 2 )
= o g
= 2 Rl S
g 128 128 128+128 128
© 2 o | \
o~ = -t
= § =
- 0w
x =
% =
258 256 256 + 256 256
0 a '
= — &= conv + relu
w w
E E max pooling
e 10 512 upsampling + conv
Ed
Anh NC +AC 2 = [T concat
2 } conv + sigmoid
& Mang tao anh i
= |
-
o
§ . . = -
’ 512
} ’ ’ ’ ’ 512 d Real 7 ’ conv (strides=2) + BN + leakyrelu
Anh NC +Gen AC © L ) = '?‘ Fake ? ) convstrides=1) + BN + leakyrelu
2 - o~ - © © 2
,,,,,,,, " & E g & = =) flatten + dense
] ] = o~
T = ke

32x128x128
v

Mang so sanh

Hinh 1. Kién tric 3DUnet-GAN trong hiéu chinh suy giam [7]

Trinh so sanh Discriminator duoc thiét k& dé xac
dinh cdp anh khéng hiéu chinh suy gidm (NC) va
hiéu chinh suy giam (AC) la that va cap NC va hinh
anh AC (gen AC) tao bai moé hinh la dir liéu gia. Do
do, hinh anh NC dugc két néi v6i AC hodc genAC
tuong ung lam dau vao cho trinh so sanh. Trinh so
sanh gom 6 16p 3D CNN vai kich thudc kernel la
(2x2x2), strides 2 (trr 2 16p cudi strides 1), 16p chuan
héa va kich hoat Leaky ReLU (thay vi ReLU) thém vao
gitta. Trong cac thd nghiém, tac gid so sanh hiéu
suat ctia mé hinh dé xuat 3DUnet-GAN vdi cac kién
trac dua trén CAE (Convolutional Auto-Encoder) va
GAN. Do6i vdi kién tric dua trén CAE, tac gia chon
2D-Unet va 3D-Unet (2 kién tric nay cé cung I6p
CNN véi kién trac 3DUnet-GAN dé xuat). Vé kién tric
dua trén 2D GAN, tac gia st dung mo hinh pix2pix
lam co s&. Cac mo6 hinh dugc huan luyén lan luot
trén tap dit liéu Train cho dén khi gia tri cia ham
muc tiéu trén tap xac thuc la tét nhat. Sau dé, cac
mo hinh da dugc huan luyén dugc danh gia trén tap
dit liéu Test.

100

Cdch thuc thuc hién

Ap dung mé hinh hoc may, trong khudn khé bai
bao cao nghién ctu sé st dung mé hinh nay véi dir
liéu hoan toan mdi thu thap tai Khoa Y hoc hat nhan,
Bénh vién TUQD 108. Cac dit liéu anh ctia bénh nhan
dugc thuc hién trén thiét bi chup SPECT/CT 640
OPTIMA ctia hang GE Healthcare.

Kich thudc dir liéu anh SPECT sé dugc ty déng
nhan dién thu gon kich thudc vé gia tri 90x90. Cac
thong tin khong can thiét trén anh sé duogc loai bo,
chi c6 cac lat anh theo cac truc va dnh cuc dugc gilr
lai dé gidm khdi lugng tinh toan. Tap dir liéu gém
cac anh lat cat dugc ghép thanh 1 mau co6 kich
thudc 90x90x3x28 (90x90 la kich thudc anh, 3 1a 3
mau RBG, 28 1a s6 lat cat mbéi mau) va anh cuc
352x352x3 (352352 pixel la kich thudc anh cuc, 3 la
3 mau RBQG). Sau d6 toan b cac bd dir liéu nay sé
dugc st dung theo nhu gidn d6 Hinh 2.
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Hinh 2. Quy trinh huan luyén mé hinh hoc may tuong tng vaéi cac tap di liéu

Viéc dao tao trong mé hinh mang dé du doan
hinh anh SPECT CT-AC dugc thuc hién bang cach si
dung 80 cap hinh anh SPECT chua dugc hiéu chinh
va SPECT CT da dugc hiéu chinh suy giam lam dau
vao va hinh anh dau ra. B6 di liéu con lai cta 20
bénh nhan sé dugc st dung la tép di liéu test riéng
biét danh gia két qua ctia mo hinh. S6 lugng tép anh
st dung dugc lay tur 100 bénh nhan dugc chia ty 1é
cho cac tép train (40) tap di liéu validate (40) va tap
test (20) c6 chi dinh chup xa hinh trén thiét bi
SPECT/CT 640 Optima hang GE.

DPé so sanh va danh gia c6 tinh khach quan déi
v&i mé hinh s dung. B6 di liéu st dung v6i mo
hinh 3DUnet-Gan sé dugc st dung vGi 2 mo hinh dé
xudt la ResNet [8] va mé hinh cla phuong phap
CHANG [9] dé€ lam tham chi€u véi hinh anh SPECT
hiéu chinh tu CT.

Ddnh gid
Sau khi cac cac mé hinh dugc st dung véi bo dir

liéu bénh nhan dé cap, cac thong s6 danh gia ciia mot
mo hinh Al sé dugc tinh todn va danh gid, dua ra hiéu

qua clia cdc mo hinh st dung. D€ danh gia vé do chinh
xac cia mo hinh, cac dai lugng danh gia nhu sai s6
trung binh ME, MAE, RMSE hay chi sé cau tric tuong
déng SSIM va PSNR sé dugc dugc ra danh gia.

Sai sO trung binh (Mean Error - ME) 1a mét phép
do don gidn clia sy chénh léch gilra gia tri pixel anh
sinh ra va gia tri thuc té.

1
ME= =% (g- ) @

Trong do6:

ME la sai s6 trung binh.

N 13 t8ng s6 lugng pixel anh.

f la gia tri pixel cGia hinh anh sinh ra.

g la gia tri pixel cGia hinh anh goc.

Sai s6 trung binh (ME) c6 thé cho biét muc do
sai léch trung binh gilta gid tri pixel anh sinh ra va
gia tri thuc té clia anh géc.

Sai s6 trung binh tuyét doéi (MAE) cling la mot
phép do cla su chénh léch gilta gia tri pixel anh sinh
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ra va gia tri thuc té€ ctia anh goc. MAE tinh gia tri trung
binh cla gia tri tuyét déi clia cac sai s6 du doan:

1
MAE= <) lg—fl @

Trong do:

MAE la sai s6 trung binh tuyét déi.
N 1a t8ng s6 lugng pixel anh.

f la gia tri pixel cta hinh anh sinh ra.
g la gia tri pixel cia hinh anh géc.

MAE cho biét muc dé chénh léch trung binh
gitra gia tri anh sinh ra va gia tri thuc té&, khéng quan
tam dén viéc chénh léch duong hay am véi gia tri
g6c. MAE thudng dugc st dung phd bién vi nd do
ludng sai s6 trung binh ma khong bi anh hudng béi
cac gia tri ngoai lé. Ca ME va MAE déu dugc st dung
dé do ludng hiéu suat du doan va danh gia mo hinh.
Thong thuong, khi gia tri ME va MAE cang gan 0, thi
mo hinh du dodn cang chinh xac.

Chi s6 tuong tu cau trdc hinh anh (Structural
Similarity Index - SSIM) la mét dai lugng do ludng d6
tuong dong gitta hai hinh anh, dua trén sy tuong
doéng vé cau tric cda ching

(2uepy + C1) * 204, + C) (7)

SSIM =
((u,% +iZ+ C)* (o +02+ Cz))

Trong dé:

x va y la hai hinh anh can so sanh.

M, Va W, la gia tri trung binh cda cac pixel trong x
vay, tuang ung.

o, va o, la d6 léch chuén cta cac pixel trong x va
y, tuang ung.

0,y la hiép phuong sai gilia cac pixel trong x va y.

¢, Va G, la hai hdng s6 nhé dé tranh viéc chia cho 0.
(Peak Signal-to-Noise Ratio - PSNR) la mét dai
lugng do ludng chat lugng anh da dugc sinh ra, so
sanh véi anh gbc ban dau thong qua sai s6 toan
phuong trung binh (MSE — Mean squared error). Gia
tri PSNR c6 thé dat dén vé han néu ly tudng MSE = 0.

MAX?
PSNR = 10 log | ——— (8)

Trong do6:

MAX la gia tri t6i da cla pixel trén anh. Vi du:
Cac pixel dugc biéu dién vai 8 bit thi gia tri clia no la
255.T6ng quat, tin hiéu dugc biéu dién bai B bit trén
mot don vi ldy mau thi MAXI [a 2°5-1.

MSE (Mean Squared Error) la 16i binh phuong
trung binh gitta dnh nén va anh goc, log10 la ham
logarit co s6 10.

3.Két qua

Tong hgp cac bé két qua danh gia cac mo hinh
sir dung dé hiéu chinh suy giam trén tap di liéu Test
cho két qua cac phép do trén nhu sau:

Cac két qua danh gia mo hinh dugc biéu thi qua
dang biéu d6 hop boxplot. Tai nhiing biéu dé nay su
phan bé sai léch cta cac gia tri so sanh cac pixel ca
anh trong cac moé hinh véi nhau. Su chénh léch vé
gid tri s6 dém trong cac pixel c6 thé nhan thdy la kha
I&n, vi ban chat cta anh Spect tim si dung la ghi
nhan sé dém sinh ra ti cac khu vuc xung quanh tim
khao sat co tiém dugc chat phong xa, do vay chénh
léch s6 dém gilt cac vung lan can tim va tim dugc coi
la I6n dan dén d6 chénh léch s6 dém I6n gilta cac
pixel.

Bang 1. Két qua danh gia

ME MAE RMSE SSIM PSNR
3DUnet-GAN -4,41 £11,85 13,65+ 11,23 36,10 + 26,1 0,98 £0,05 29,44 £ 345
ResNet -6,99 + 16,72 20,24+ 17,63 42,33 +3241 0,99 + 0,04 28,15+ 4,17
CHANG 25,52 + 33,98 80,27 £ 47,56 83,06 + 27,98 0,93 +£0,09 22,06 +£2,5
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Hinh 3. Biéu d6 thé gia tri ciu tric tuong dong SSIM, tin hiéu trén nhiéu PSNR,
sai s6 trung binh va sai s6 trung binh tuyét d6i ME & MAE ctia m6 hinh st dung

Hinh &nh sinh ra t& m6 hinh cda sé dugc dua vao phan mém doc tim XELERIS dé danh gia két qua ma
hinh dnh dua ra vé chiic nang tim, cac chi s6 cia hinh anh sinh ra tr mé hinh 3DUNET-GAN véi gid tri SSS:
6,14 + 3,76, TDP: 12,00 + 9,21 ¢6 d6 tuang dong kha cao vaéi hinh anh tuong ting SPECT/CT lan lugt la 12,00 +
9,21va11,95+9,37.

Summed stress score (SSS) Total perfursion defictcit TDP (%)
18 38
16

30

14
1 25
10 - 20
8
6 X
s Il H 10 ] L]
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v B B B 0

B T W UNET [ ResNet [ CHANG W Wuner B ResNet [ CHANG

Hinh 4. Biéu d6 gia tri téng diém pha gang stic (Summed Stress Score: SSS)
va téng khuyét xa tudi mau (Total Perfusion Deficit: TDP)
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4.Ban luan

Van dé ap dung Al da dugc ap dung trong linh
vuyc y té kha nhiéu trong giai doan hién nay [5]. Hoc
sau dang dong vai tro la mét céng cu rat manh mé
va phé bién trong linh vuc tim mach hat nhan véi
tiém nang va hy vong cai thién chat lugng hinh anh,
hoé trg cac bac sy va nhan vién y té trong viéc phat
hién va phan loai bénh ly. Ap dung tinh hinh thuc té
tai Viét Nam trong phuong phap xa hinh tudi mau
cd tim bang may SPECT, chan doan si dung hoc
may dua ra cac két qua ban dau rat c6 tiém nang va
tinh ng dung cao trong viéc sinh anh khdr nhiéu ti
anh chup SPECT ban dau [7].

Van dé vé nhiéu anh y té dang la thach thuc va
gay ra kho khan trong cac phuang phap chin doan
anh, cu thé 1a hinh anh SPECT trong xa hinh SPECT
tusi mau ca tim. Hién nay dé khac phuc nhiéu anh
xa hinh, cac ca s& c6 thé sir dung cac bién phap nhu
chup bénh nhan nam sdp va nam ngua, st dung
thém dién tim dé va cai thién tét nhat 1a st dung cac
may SPECT/CT. Tuy nhién, phuong phap st dung
SPECT/CT t6n tai nhiéu diém han ché vé ca s, an
toan phéng xa va quan trong nhat va vé dau tu thiét
bi vi gid thanh kha cao. S6 liéu théng ké cho thay téi
80% & Viét Nam st dung la hé théng SPECT don |é
khong c6 hé théng CT di kém cé nghia la sé khong
¢6 chiic nang hiéu chinh nhiéu suy giam tur hé thong
phan cing. Viéc dua tri tué nhan tao Al vao trong
linh vuc y té€ dang dugc ap dung va phat trién rat
phd bién hién nay. Déi vai riéng linh vuc hiéu chinh
nhiéu hinh anh MPI SPECT tai khoa Y hoc hat nhan
dugc ap dung mo hinh hoc sau vao thir nghiém trén
mot sé mau I6n va thuc nghiém truc tiép tai khoa va
dugc cac bac si giau kinh nghiém s dung va danh
gia. Cac két qua ban dau cho thay viéc ap dung
phan mém vao su ly hinh anh xa hinh tuéi mau co
tim cé tinh Ung dung cao. So sanh vé mat hinh anh
cta anh dugc hiéu chinh bang hé théng may
SPECT/CT va anh sinh ra ti phan mém hoc sau c6 do
tuong déng lén dén 98%.

Két qua clia nghién cliu dua ra moét phuong
phap cé tiém nang dé c6 thé thay thé viéc hiéu
chinh suy gidam thay cho hé théng SPECT/CT, cac két
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qua clia nghién cltu tuong tu va tuong déi tét so véi
cac nghién clu da céng boé cia mot s6 cac tac gia da
nghién ctu trudc dé nhu tac gid Mostafapour nam
2021 da céng bo. Két qua clia nghién ctu nay hién
tai van dang thuc hién trén mau d liéu nhd, do vay
can thuc hién véi nhitng mau dir liéu 16n hon dé cé
thé két luan c6 thé (ng dung rong rai trong lam
sang hay khéng.

5. Két luan

Nhin chung, viéc sinh anh hiéu chinh suy gidm
(AQ) tr mo6 hinh st dung kién trdc mang Al dua trén
hinh anh CT, vuot trdi hon dang ké so vdi phuong
phap Chang. Phuong phép s dung hoc sau may
tinh dé khir nhiéu anh SPECT ¢6 tiém nang s dung
dugc cho cac ca s& chi st dung cac mdy SPECT daon
thuan, hé trg cac bac si trong chan doan hinh anh va
lam giam ap luc vé cudng d6 cong viéc déi véi nhan
viény té.
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