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Trong y hoc hat nhan, hinh anh lai ghép PET/CT, SPECT/CT da dugc su dung thuong
quy trong 1am sang khoang 2 thap ky qua. Tuy nhién, gan day, cac hé théng PET/MRI thuong
mai méi duge ra doi tir nam 2011 va 1 mot phwong tién chan doan méi khong chi trong nghién
clru ma con bude dau tng dung thuc hanh 14m sang. Bai tong quan gidi thiéu nhing tién bo hién
nay ctia PET/MRI trong 1am sang nhin manh dén cac tng dung cua PET/MRI trong ung thu.
Mic du PET/MRI khong thay thé dugc PET/CT va khong c6 nhitng vu thé ndi bat néu chi sir
dung MRI chi dé danh gid don thuan vé mat hinh thé khi so sanh véi CT trong PET/CT,
PET/MRI c6 nhiéu vu diém bao gdm do phan giai, twong phan cao khi phén tich hinh anh ton
thuong md mém, cung cip nhiéu thong tin chic ning dua trén cac ky thuat cia MRI va giam liéu
birc xa két hop v6i céc dir 1iéu phan tir cia PET. Kha nang phat hién cia MRI dugc cai thién hon
so voi CT ddi véi cac ton thuong & ndo, vu, gan, than, tién liét tuyén va xuong dan tao ra nhiing
vu diém noi bat ciia PET/MRI so v6i PET/CT. Tuy nhién, mét s6 thach thirc di voi PET/MRI
van con ton tai nhu gia thanh cao, thoi gian chup kéo dai, quy trinh phirc tap cao va gid tri chan
doan khong khac biét 16 rét so voi PET/CT hodc két hop hinh anh PET va MRI trong mot s6
bénh Iy. Cung véi su phat trién ctia cong nghé, PET/MRI sé& tiép tuc 1a mot cong cu nghién ctru
hién dai va s& tré nén mot ky thuat chan doan trong thuc hanh d6i véi mot sd bénh 1y trong ung
thu, than kinh va tim mach.
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TECHNICAL ADVANCES AND APPLICATIONS OF PET/MRI IN CLINICAL
PRACTICE

In diagnostic nuclear medicine, hybrid imaging using PET/CT or SPECT/CT is routinely used to
evaluate many cancers for 2 decades. However, the onset hybrid PET/MRI systems are
commercially available since 2011 and offer additional diagnostic possibilities not only mainly
used as a researches but also in clinical practices. This review explores recent advancements of
PET/MRI for clinical practice uses with a focus on clinical oncology applications.

Although PET/MRI could not replace PET/CT and there was no advantage of using PET/MR
imaging if merely using MRI for imaging morphology instead of CT when compared with
PET/CT, many advantages of PET/MRI include a superior soft tissue contrast resolution, the
capability to provide functional and multiparametric imaging data based on advanced MRI
techniques (diffusion-weighted imaging, dynamic perfusion imaging, magnetic resonance
spectroscopy...) and reduced exposure to ionizing radiation, that are complementary with the
molecular data provided by PET. The improved lesion detection within the brain, breast, liver,
kidneys, prostate and bone of MRI compared with that of CT is expected to achieve an overall
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diagnostic advantage for PET/MRI over PET/CT. Despite many potential advantages, a number
of challenges to clinical adoption of PET/MRI remain such as the higher costs, the slower
scanning times with associated lower patient throughputs, the increased complexity, and the
relative lack of diagnostic benefit of PET/MRI in some clinical applications compared to either
PET/CT or independently acquired PET and MRI.

Together with technology development and its avalability, at present time PET/MR imaging will
continue to be used as a research tool and will become the diagnostic technique on routine
clinical basis in selected disease entities not only for oncological and neurologic imaging
applications but also for cardiac imaging application

Keywords: hybrid imaging, PET/CT, PET/MRI

MO PAU

Trudc ddy, dé chan doan bénh, cic phuwong phap xam nhap thuong dugc ap
dung va giy dau dén cho bénh nhan nhung ciing chi chan doan bénh khi d3 ¢ vao
giai doan mudn. Trong nhiing thap nién cudi cia thé ky 20, sy phat trién cta khoa
hoc cong nghé¢ da dem lai nhirng 191 ich 10 rét trong Y hoc. Pau tién, su phat minh
ra tia X, sau d6 1a su xudt hién may CT dau tién vao nhitng nim 1970 va MRI vao
nhitng ndm 1980 da dem lai nhitng dot pha trong Y hoc hién dai. Hinh anh giai
phau trén CT va MRI gitp chan doan, ddnh gia giai doan, va theo ddi dap g
diéu tri bénh. Tuy nhién, hinh anh giai phau trén CT va MRI khong phai lac niao
cling phan anh duogc hét qua trinh sinh 1y ctia bénh. Chan doan chirc ning hay con
goi 14 hinh anh chuyén hoa da lam thay d6i tich cuc trong chan doan va diéu tri
bénh mic du chwa duoc két hop véi hinh anh giai phau trén CT hoic MRL Dén
nam 1963, hinh anh lai ghép dau tién giita SPECT va CT da ra doi, sau d6 dén
1973 may PET dugc phat minh va dén nim 2000 may PET lai ghép CT da xuat
hién trong thyc hanh 1am sang (hinh 1). Tir d6 dén nay, cac hinh anh lai ghép
SPECT/CT va PET/CT mang céc thong tin ca vé giai phau va chuyén hoa da ngay
cang tré nén hoan thién hon vai tro ctia minh. PET két hop voi MRI van dang trén
duong duoc dua vao ung dung 1am sang tor mot vai nam trd lai day.
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Hinh 1. Qud trinh phdt trién cia chin dodn hinh anh tir thé ky 16 dén nay
(nguon: Thomas Beyer Insights Imaging (2011) 2:161—169)

Céc ¥ tuong vé cong nghé vé ghi hinh anh lai ghép giita PET va MRI di c6
lau. Ciing giéng nhu SPECT/CT hay PET/CT, sy phat trién vé cong nghé trong
chan doan hinh anh va y hoc hat nhan hién nay cho phép tao ra mot phuong phap
chuyén hod (PET) két hop véi hinh anh vé ciu triic, giai phiu véi do twong phan va
phan giai cao (MRI) trén mot hé théng ghi hinh va tai tao hinh anh (hinh 2). Hé
thong PET/MRI dau tién trén thé gidi bat dau dugc dua vao thir nghiém trén ngudi
lan dau tién vao thang 2 nam 2010 tai Trung tdm y t& Mount Sinai & New York va
Bénh vién truong Geneva. Cac hé théng PET/MRI thuong mai moi dugce ra doi tu
nim 2011 va 1a mot phuong tién chan doan mdi khong chi trong nghién ctru ma
con budce dau tmg dung thuc hanh 1am sang.



Hinh 2. Su két hop ghi hinh chuyén hod PET (hinh trdi), két hop véi MRI
(hinh phai) tao nén hinh anh két hop PET/MRI (hinh giita).

CAC TIEN BQ VE CONG NGHE PET/MRI

Cac hé théng may PET/MRI c6 su phat trién vé phuong phap ghi hinh trong
nhimg nam gan day. Ban dau, viéc ghi hinh riéng r& duoc thuc hién boi hé thong
PET/CT va MRI tach biét nhung trén cing mot ban. Hinh anh phan mém sé& xu 1y,
tai tao hinh anh tao nén hinh anh két hop PET va MRI. Uu diém chinh cua hé
thong nay 1a dya trén cic nén tang ctia PET/CT, MRI sén c6 va st dung CT dé
hi€u chinh suy giam. Tuy nhién, thoi gian ghi hinh tang 1én (thu nhan PET/CT va
cong huong tir riéng biét), nhidu kha nang hinh anh bi sai 1éch vi tri do thoi gian,
do van dong cua bénh nhan giita cac thoi diém thu nhan hinh anh. Tiép theo, hé
théng PET/MRI dugc phat trién véi viéc ghi hinh PET va cong hudng tir duoc thuc
hién 1an luot bang gantry PET va MRI tach biét trong cung mot phong. Hé thdng
PET/MRI nay cho phép cai thién su két hop hinh anh so véi sir dung PET va MRI
tach biét v4i str dung ban xoay. Tuy nhién, viéc hiéu chinh suy giam gip van dé
khi khong str dung CT. Mot s6 nha san xuat di ché tao hé thong tich hop PET/MRI
v6i viée sit dung dau thu PET duoc dit trong gantry MRI véi dng nhan quang
silicon. Pic biét, sir dung dau thu PET dang dic (solid-state detector) twong thich
v6i tir truong bén ngoai, loai dau thu nay nho hon dau thu truyén théng, phu hop
v6i cac thiét ké tich hop. Viéc thu nhan dong thoi PET va cong hudng tir gitip giam
tho1 gian thu nhan, cai thi¢n chét luong hinh anh, tranh dugc su thu nhan sai 1éch



vi tri gitta PET va MRI (misregistration). Hon nita, hé théng con c6 thé dong thoi
ghi hinh dong céc qua trinh sinh bénh 1y trén ca PET va MRI.

Whole body sequential

Whole body simultaneous

Eur J Nucl Med Mol Imaging (2009) 36 (Suppl 1):586-592

Hinh 3. Thiét ké hé thong gantry PET/MRI thu nhdn hinh anh todn thdn
PET va céng hudng tir ké tiép (hinh giita) va thu nhdn déng thoi (hinh bén phdi).
Nguon: Eur J Nucl Med Mol Imaging (2009); 36 Suppl 36: S88-92).

Su két hop PET va MRI trén ciing mot hé thong ciing gip nhiéu thach thirc
vé mat ky thuat can giai quyét. Str dung thuat toan Dixon dé t6i wu hiéu chinh suy
giam dya trén MRI Dixon gitip cho ban dinh luong cac gia tri hap thu chuan
(SUV). Cac hé thong PET/CT hién dai trong tuong lai can hiéu chinh dé cai thién
su dong nhat vé tir trudng tranh hién tuong tao ra cac khuyét hong tir truong céc
chi trong thu nhan hinh anh toan than (truncation correction), hiéu chinh sy chuyén
dong ctia bénh nhan (motion correction), hiéu chinh cac nhidu tap va giam liéu
chicu bénh nhan ...

Mot s nghién ctru vé hé thong PET/MRI thé hé méi ¢6 nhitng wu diém nhat
dinh so v&1 PET/CT nhu sau (bang 1).

Bing 1. So sanh cdc wu diém ciia PET/MRI va PET/CT trong ung thir

Uu diém cta PET/MRI Uu diém cta PET/CT

Phat hién ton thuong | C6 wu diém véi ton thuong
ndo, v, gan, than va xuong

Danh gia bd cia ton | Co vu diém trong chan doan |C6 wu  diém  hon
thuong giai doan T & cac ung thu | PET/MRI trong danh gia
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khong phai cta phoi va
Xxuong

ung thu phoi

Két hop hinh anh
chiic ndng va giai

Hinh anh c6 d6 phan giai cao
hon PET/CT, tuy nhién co

it gap cac nhiu anh do
bénh nhan di dong hon so

phau thé gip nhiéu anh do bénh | voi PET/MRI
nhan di dong
Mutc dd chinh xac | Co vu di€ém hon PET/CT

cua danh gid dinh
lugng

Thoi gian chup hinh PET/CT duogc ghi hinh
nhanh hon
Btrc xa Giam 50% liéu birc xa so voi
PET/CT
Tién loi cho bénh | Chyup ca PET va MRI trong | Van can chup thém MRI
nhan 01 lan trong mot s6 truong hop

Su da dang cﬁq danh
gia cac thong s6 dinh
lugng

Cho phép danh gid thém
chudi xung khuéch tan, tudi
mau va phd trén MRI bén
canh SUV

Tinh thyc té

Chua dugc st dung nhiéu
trong thuc thé

May PET/CT dugc tng
dung rong rdi ¢ rat nhiéu
noi.

CAC UNG DUNG LAM SANG CUA PET/MRI

Cac duoc chat phong xa thuong duge sir dung hién nay dé chup PET/MRI
trong ung thu 1a danh gid chuyén hod duong bang F-18 FDG hay danh gid qua
trinh van chuyén axit amine va tong hop protein bang cac dugc chat phong xa nhu
C-11 methionine, F-18 fluoroethyl-L-tyrosin: FET, ®F_fluoro-L-3, 4-
dihydroxyphenylalanine: DOPA, tong hop DNA (18F-fluorothymidine) va giam
oxy (18F-Fluoromisonidazole). Bén canh viéc ghi hinh bang cac duoc chat phong
xa ké trén, mot vu diém ctia PET/MRI 14 ¢ thé danh gia cac chudi xung khac nhau
cua MRI nhu T1, T2, DWI, danh gia tuéi mau (PWI: perfusion-weighted imaging),
cong hudng tir phd (MR spectroscopy) ...

Céc vu diém vé mat 1am sang cha yéu ciia PET/MRI 1a c6 su tuong phan
hinh anh vuot trdi so véi PET/CT trong chan doan cac loai u 4c tinh nguyén phat &
xuong, dau-cd va md mém, phat hién di can & ndo va gan ... Pac biét, PET/MRI
cho phép phan tich hinh 4nh gém nhiéu théng sé (multiparametric imaging) trong
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mot sO u ac tinh & ndo, ung thu tién liét tuyén va ung thu gan. PET/MRI giam liéu
chiéu doi véi bénh nhan nhi va cac bénh nhan phai chyp nhiéu lan.

Hién nay, vai tro cia PET/MRI trong tmg dung 14m sang van con dang duoc
tiép tuc nghién ctiru. Mot s6 tng dung ctia PET/CT dang duoc tién hanh trong chan
doan u ndo, ung thu va, ung thu tién liét tuyén, ung thu bang quang, ung thu budng
tring, ¢ tir cung, sarcoma phan mém va u lympho 4c tinh. Trong bénh 1y u nio,
MRI da khrfmg dinh dugc vai tro ndi bat trong chan doan. Ngoai ra, két hop PET
va MRI sé& c6 thé giup dinh hudng chinh x4c hon trong sinh thiét nhd phan biét
duoc cac dic diém ton thuong u ndo. Pdi véi bénh 1y ung thu va, PET/MRI ¢6 thé
phat hién rat tot cac ton thuong tai v va cac vi tri khac. PET/MRI tham chi con co
wu diém hon PET/CT trong phét hién céac ton thuong di cin xa & gan va ndo. Trong
tat cac cac bénh ung thu, PET/MRI dugc trng dung nhiéu nhat ddi véi ung thu tién
liét myén dé chan doan bénh, danh gia giai doan bénh, danh gia cdc murc d§ ac tinh
(hinh 4).

Hinh 4. "' C-Choline PET/MRI phdt hién ton thwong giam tin hiéu trén T2 (A),
gidm tin hiéu ADC trén chudi xung khuéch tin (B) va tang chuyén héa FDG trén
hinh anh két hop gitta MRI va PET (C); (nguén: Eiber M, TU Muenchen, Munich,
Germany)
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