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The role of cardiac magnetic resonance in cardiovascular
disease management and updates on some new techniques
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ABSTRACT

Cardiac magnetic resonance (CMR) is an advanced imaging technique
designed to evaluate cardiovascular morphology, heart function, and tissue
characteristics. CMR is applicable in cardiomyopathies, cardiac ischemia,
arrhythmogenic cardiomyopathy, congenital heart disease, pericardial
diseases, and cardiac tumors. It is is considered a non-invasive biopsy
providing essential information about myocardial tissue characteristics. This
article reviews the current role of CMR in prognostic assessment and strategic
treatment for cardiovascular diseases. Additionally, it provides updates
on novel techniques and the application of Artificial Intelligence (Al) in the
cardiac imaging diagnostics.

Keywords: Cardiac magnetic resonance, prognosis, cardiovascular
treatment, new advances.
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TOM TAT

Chup cong hudng tu (CHT) tim la mét bién phap tham do hinh anh tién
tién gilp danh gia tét hon vé cau trdc tim, chic nang tim va dac tinh mé co
tim. CHT tim dugc chi dinh trong bénh ly ca tim, bénh tim thi€u mau cuc bo,
bénh ca tim gy réi loan nhip, bénh Iy tim badm sinh, bénh mang ngoai tim,
cac khai u tim. CHT tim dugc coi nhu mét bién phap sinh thiét khéng xam
Ian cung cdp cac théng tin quan trong vé dic diém mé co tim. Bai bao nay
hé thong lai vai tro hién tai cia CHT tim trong danh gia tién lugng va diéu tri
mot s6 bénh ly tim mach. Ngoai ra, chiing t6i cling cap nhat nhiing ky thuat
mdi va trién vong Ung dung tri tué nhan tao (Al) cda linh vuc chan doén hinh

anh tim mach.
Turkhoa: Cong hudng tur tim, tién lugng, diéu tri bénh tim mach, ky thuat mai.
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Téng quan: Cac van dé cdap nhat trong tim mach A

md piv

Cong hudng tu tim bat dau dugc sir dung vao
nhitng nam 1980 da gop phan vao nhiing tién bo
dang ké trong linh vuc tim mach va phau thuat tim
mach cho ngudi I6n va tré em. Cong hudng tu tim
cung cap hinh anh chinh xac vé cau tric, chiic néng,
dac diém tusi mau, séng con va dac tinh mé co tim.
So véi cac phuong thiic chdn doén hinh anh tim
mach khac nhu siéu am tim qua thanh nguc, siéu
am tim qua thuc quan, théng tim hoac chup cat I6p
vi tinh, cdng huéng tir cho hinh anh chat lugng cao,
dang tin cdy, khong cé buc xa, khong xam lan va da
dugc ching minh 1a d0 dé chan doan, tién luong va
dua ra quyét dinh diéu tri. Trong nhiing nam qua,
cdng hudng tu tim tiép tuc dugc hoan thién bang
cac ky thuat mdi. Ching téi trinh bay trong khuoén
khd bai bao nay vai trd hién tai ciia CHT tim trong
danh gia tién lugng, trong diéu tri mot s6 bénh tim
mach, cap nhat mét sé ky thuat cung vdi ing dung
lam sang va trién vong s dung tri tué nhan tao
trong linh vuc nay.

VAI TRO HIEN TAI l}ﬁA CHT TIM TRONG DANH GIA
TIEN LUONG VA BIEU TRI MOT SO BENH TIM MACH
Bénh tim thi€u mau cuc bd
Héi ching vanh cdp

So vaGi siéu am tim, CHT tim phat hién t6t hon
réi loan van déng vung va dinh lugng chinh xac
hon phan suat tong mau that trai. CHT tim danh gia
dugc muic d6 phu né va viing co tim ¢ nguy co cao
dua vao thai gian T1, T2 va thé tich ngoai bao (ECV).
Thi ngdm thudc muén phat hién dugc cac ving tac
nghén vi mach (microvascular obstruction) (Hinh 1).
Tac nghén vi mach la mét dau hiéu tién lugng xau.
Ngoai ra, CHT tim gitp danh gia séng con co tim dua
vao ty & ving ngdm thuéc mudn so véi d6 day thanh
tim. Day la triéu ching rat c6 gia tri dé quyét dinh
chién lugc tai tusi mau.
Héi chiing vanh man

Nghién ctu so sanh gilta siéu am tim (thanh nguc,
thuc quan) va CHT tim d& chiing minh tinh uu viét clia
CHT trong chan doan huyét khéi budng tim. Su hién
dién ctia seo nhéi mau ca tim dugc phat hién chinh

Hinh 1. Thi ngdm thuéc mudn (DE): viing tdc vi mach
(den) trong vuing hoai ti xuyén thanh.
(Nguén: Hunter Frederiksen et al. Intechopen 2023)

xac nhat bang cdng hudng ti tim. Cac nghién cdu da
chi ra rang nhiing viing seo dudi ndi tam mac nay c6
thé dé dang bi bd so6t trén hinh anh chup SPECT. Seo
xuyén thanh cho thay co tim khéng con kha nang hoi
phuc va xac dinh bénh nhan it c6 kha nang cai thién
chuc ndng tim du dugc tai thong mach vanh.
Ddnh gid thiéu mdu co tim & bénh nhén dau nguc.

CHT tim stress véi chat gay gian mach (adenosine)
trong thi tugi mau phat hién dugc nhirng ving giam
tin hiéu véi chat d6i quang tu (gadolium). Day la
nhiing vung thiéu mau cg tim. Cac nghién ctu nhu
CE MARC cho thdy tinh chat khong thua kém cla
CHT stress so vai SPECT trong phét hién vung khiém
khuyét tudi mau. Cac nghién ctiu nhu SPINS lam ré gia
tri tién lugng clia CHT tim stress: nhiing bénh nhan cé
thi tudi mau binh thudng va khéng c6 seo nhéi méu
co tim trong thi ngdm thuéc mudn ty 1é séng con
khoéng cé bién c6 tim mach la 99,3% trong thai gian
trung binh 1a 5,5 ném.
Bénh co tim khéng do thiéu mau

Hé thong phan loai bénh co tim hién nay cta Hiép
héi Tim mach Hoa Ky phan biét gitta bénh co tim
nguyén phat (chi anh huéng dén tim) va bénh co tim
thi phat la mét phan ctia bénh hé théng (anh hudng
dén nhiéu ca quan). CHT tim ¢ Igi thé hon han trong
danh gia cac bénh co tim khi cung cap théng tin vé
dac tinh mo co tim.
Bénh co tim tién phat
Bénh co'tim phi dai

CHT tim khong bi gidi han vé hinh anh, xac dinh
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dugc vi tri va muc d6 phi dai clia tat ca cac thanh tim,
chuyén déng ra trugc ctia van hai la trong thi tam thu
(SAM) gay tac nghén dudng ra that trai, phinh thanh
tim (d3c biét 1a ving mém) va cac bién déi hinh thai
lién quan dén van hai la va té chiic dudi van. Vung xo
hoa dién hinh thudng ndm gila thanh tim, & ving
tiép gidp that trai- that phai hodc & vach lién that. Su
xuat hién clia viing xa hod gia tang nguy co r6i loan
nhip that. Cap nhat khuyén cdo x{ tri bénh co tim phi
dai cGia hoi tim mach Chau Au 2023, khi viing xo hoa
lan réng trén 15% can dugc xem xét cdy may pha rung
tu dong (ICD) du bénh nhan c6 nguy co dot tir thap
hodc trung binh.

Bénh co'tim thdt phdi gdy réi loan nhip (ARVC)

Day la bénh co tim loan nhip di truyén dac trung
bdi viing xo va m& hod thay thé do mét té bao co tim,
cht yéu anh hudng dén that phai, dan dén réi loan
nhip that, tang nguy ca dét ti va suy tim. Do nhing
han ché vé hinh anh cua siéu am qua thanh nguc, CHT
tim 1a chi dinh uu tién dé ti€p can bénh co tim nguy
hiém nay. Triéu chiing trén CHT tim bao gém: phi dai
dudng ra that phai, gian that phai, réi loan van dong
vung, réi loan chiic nang tam thu va cac vung xo hoa,
ma& hoa khu trd mé co tim. Trong nhiing ndm gan day,
tién b trong phan tich stic cang ca tim (strain) bang
CHT gitp chan doan phan biét vai cac bénh ly khac
nhu nhip nhanh that nguén géc tai dudng ra that
phai, hoi chiing Brugada. Gidm suic cang (strain) trén
CHT ca that phai va that trai |a biéu hién clia bénh co
tim that phai gay réi loan nhip. Cac ky thuat mai nhu
chup phan tach mé- nuéc va lap hinh anh 3D d6 phan
gidi cao viing ngam thuéc mudn co tiém nang tang
cudng dé nhay trong chan doén xéac dinh bénh ly nay.
Bénh co tim thi phat
Bénh co tim nhiém Amyloid (Amyloidosis)

Bénh amyloidosis dac trung bdi su tich luy cac
soi protein khong tan trong chat nén ngoai bao. DU
khéng phai tiéu chudn vang trong chan doan xac
dinh, CHT tim phat hién dugc cac tén thuong chinh
cla bénh hodc loai trir chan doan. Tham nhiém co
chat bat thudng dan dén tang thai gian T1, thé tich
ngoai bao (ECV). Thi ngdm thuéc mudn cho thay céc
vung xa hod lan tod dudi ndi mac hoac xuyén thanh.

Thé tich ngoai bao (ECV) c6 gia tri tién lugng doc lap
nguy co ti vong cla bénh.
Sarcoidois

Sarcoidosis la bénh u hat gay t6n thuong co tim,
6 thé dan dén suy tim, block nhi that, réi loan nhip
that va dot tir. Chan doan sarcoidosis tim la mét thach
thic vi cac triéu ching lam sang thudng giéng bénh
tim khac. Hién nay, phuong thic hinh anh t6t nhat dé
phat hién sarcoidosis la chup PET va CHT tim. CHT tim
danh gid muc doé viém dua vao gia tri T1 mapping;
T2 mapping va phat hién dugc cac vung xa hoa (seo)
cd tim. Vung xo hoa lién quan dén gia tang cac roi
loan nhip that. CHT tim phat hién va dinh lugng ganh
nang seo xa hoa, ti d6 du bao dugc nguy co réi loan
nhip nguy hiém va xac dinh dugc cac bénh nhan can
cdy ICD.

Xo hod du6i néi mac co'tim (EMF)

Thudc nhém bénh co tim han ché do tén thuong
I6p ndi mac co tim va hinh thanh seo xa héa sau do.
Vung xo hoa phat hién trén CHT tim la bang ching
déang tin cdy dé chan doan bénh. Hinh &nh dién hinh
la viing ngam thuéc mudn dudi ndi tam mac chu yéu
& vlng mom tin, c6 huyét khéi nam phia trén hay con
dugc goi la dau hiéu “V kép”. Dau an nay c6 dang ba
I6p bao gébm co tim binh thudng, ving ndi mac va
mot 16p huyét khoi (Hinh 2). CHT tim co gia tri tién
lugng. Gia tdng ganh nang xo hod ndi mac trén 19
mL/m? trén CHT ¢6 lién quan truc tiép dén suy giam
kha nang gang stic va tang ty |é ti vong.

Hinh 2. Thi ngdm thuéc muén: xo hod ndi mac ving
mom kém huyét khéi (Ngudn: Hunter Frederiksen et al.
Intechopen 2023)
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Bénh van tim

CHT tim cho hinh anh toan dién vé hinh thai van
va cho phép danh gia dinh lugng muc d6 ha/ hep
van tim. Hinh dnh déng (Cine sequences) dé danh gia
hoat déng van va phat hién bat thudng dong chay.
Lap ban d6 van téc (phase-contrast velocity encoded
sequences) giup dinh lugng van téc t6i da va phan
suat dong hg, tir d6 quyét dinh chién lugc diéu tri cho
bénh nhan, dac biét trong trudng hgp chat lugng hinh
anh cua siéu am khoéng dam bao. CHT danh gia rat tot
cac anh hudng huyét déng cda tén thuang van tim
nhuthay d6i chiic ndng tam thu, thé tich tdm that (qua
tai thé tich), hodc thay d6i d6 day thanh tim va tang ap
luc @6 day (qua tai ap luc). CHT dong chay 4D la mét
ky thuat mdi cho phép do van téc dong chay & ca ba
hudng. Phuong phap nay danh gia luu lugng dong
chay (shunt, phan suat dong hd) ca & tim va mach mau
I&6n chinh xac hon CHT dong chay 2D tiéu chuén.
Bénh mang ngoai tim

CHT tim 13 céng cu t6t dé danh gia va theo doi
cac bénh ly mang ngoai tim khac nhau nhu viém
mang ngoai tim, tran dich mang ngoai tim va
viém mang ngoai tim co that. Hinh anh dong (cine
sequences) xac dinh muc dé tran dich, phat hién
dau hiéu giat véach lién that. Hinh anh trén T2-STIR
xac dinh mdc dd phu né. Thi ngdm thuéc mudn cho
thay tinh trang viém hodc xo héa. Hinh anh trong
thi tudi mau; trén T1 va T2 weight dugc st dung dé
xac dinh tinh chat khéi bat thudng cé thé la nguyén
nhan gay tran dich mang tim. Nghién ctu gan day
da dua ra cac ky thuat méi giup dinh lugng muic do
ngam thuéc mudn trén mang ngoai tim, trién vong
cho nhiing (ing dung lam sang tiém nang trong
tuong lai. Dung CHT tim dé phan biét gitta viém
mang ngoai tim dang hoat déng va viém man tinh
(dan dén viém mang ngoai tim co that) rat quan
trong vi chién lugc diéu tri khac nhau.
R&i loan nhip that

M4y pha rung tu déng (ICD) dugc st dung dé
phong ngua doét tir tién phat 6 bénh nhan c6 bénh
tim thi€u mau cuc bo va khéng do thi€u mau co
nguy co cao. Tuy nhién, mot ty 1&é nhiing bénh nhan
nay khong c6 bat ky réi loan nhip tim nguy hiém nao

sau khi cdy ICD, dan dén yéu cau phan tang nguy co
tét hon. Pinh luogng ving xo hoa co tim (viing ngam
thuéc muén) trén CHT da dugc ching minh la co
gia tri tién lugng trong xac dinh nhitng bénh nhan
€6 nhiéu kha nang dugc huéng lgi tir cdy ICD. Bénh
nhan da cé réi loan nhip that nguy hiém ma cin
nguyén chua ré rang, CHT tim can dugc chi dinh dé
phat hién dic diém bat thudng clia co tim nhu phu
né, hoai tl, seo xa hoa. Cac nghién ctru sau hon dang
dugc tién hanh dé xac dinh ty Ié xa hoa cé y nghia va
dac diém cla vung xo hod biéu thi su gia tang chat
nén gay réi loan nhip tim.

MOT SO TIEN BO m0i

Phan nay trinh bay mét sé ky thuat mai ctia CHT
tim va uing dung Iam sang, vai tro cda tri tué nhan tao
trong muc tiéu phét trién hon nia linh vuc nay.

Lap ban d6 (mapping) trén CHT tim

Lap ban d6 co tim va ky thuat danh diu (CMR
Fingerprinting) ti€p tuc dugc phat trién. Nhimng cai
tién vé ky thuat dung anh, khi nhiéu va tang do
chinh xéc da@ mé& réng vai tro cdia T1 mapping va T2
mapping trong phat hién sé6m cac bat thudng mé
co tim tu giai doan chua ¢ triéu chiing lam sang. Ky
thudt Fingerprinting gan day da dugc phat trién dé cé
thé 1ap ban d6 T1 va T2 trong mot lan moét lan quét
anh va bénh nhan chi can nin thd mét lan. Cac ting
dung b sung bao gém do ty 1é m& dé hiéu rd hon
dac diém seo hoa ca tim do nhéi mau, mang lai hiéu
biét vé tién lugng bénh tét hon, tir d6 c6 chién lugc
diéu tri phu hap.

Ky thuat VARPRO (VARPRO sequences)

Ky thuat chup phan tach nuéc VARPRO sequences
(hinh 3) da dugc chiing minh la phuong phap tin
cay dé danh gia muc do tich mé co tim. G bénh
nhan béo phi kém dai thdo dudng, gia tdng ganh
nang tich mé co tim cé tuong quan doc lap véi gia
tang muc d6 xo hoa ca tim lan toa tu trudc khi bénh
nhan cé triéu chiing suy tim. Ky thuat nay gitp phat
hién rat s6ém tén thuong co tim trén bénh nhan dai
thao dudng, tir dé md ra trién vong cho cac phuong
phép diéu tri dac hiéu mai bén canh cac bién phéap
truyén théng.
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Hinh 3. Dinh luong gdnh ndng tich mé co tim bdng
VARPRO sequences (Nguén: Dong X et al. Int J Cardiovasc
Imaging 2022)

CHT tim stress

CHT tim stress hién tai dung cac chat gay gian
mach (Adenosine). Khé khan trong thuc hién CHT
géng stic thé luc lién quan dén chi phi l13p dat tham
chay tuong thich véi mdy CHT va yéu cau nhanh
chong dua bénh nhan vao may chup tai dinh gang
stic. Han ché nira la chuyén déng qua muic clia toan
b6 co thé va hé hap khi gang stic thé luc gay nhiéu
anh. Mét ky thuat mai dang dugc nghién ciu dé la
CHT st dung thiét bi tuong thich @& bénh nhan van
tién hanh dugc géng suc thé luc tu thé nam. So véi
CHT tim stress duing chat gian mach, CHT gang suc vé
thé luc an toan hon va cung cap théng tin chinh xac
hon vé chiic ndng va muc d6 thiéu mau cuc bd co tim.
V& phién giai két qua, hién tai hau hét cac trung tam
déu st dung udc tinh truc quan vung khiém khuyét
chat d6i quang tU trong thi tudi mau. Nhiing cong cu
mai (danh gia dinh luong) dang dugc nghién ctu dé
giup danh gia khach quan hon.

Panh gia stic cang co tim (strain)

Danh gia stc cang co tim (strain) bdang céng
huéng tu (CMR Feature tracking/ CMR- FT) la mét ky
thuat nhiéu hda hen (Hinh 4). Tugng tu nhu trén siéu
am, CHT phat hién dugc cac bat thuong lién quan
dén stic cdng co tim, day la dau hiéu giup chan doan
s4n réi loan chiic nang tim; gép phan chan doan xéc
dinh mot s6 bénh co tim va cling da dugc ching
minh la mét yéu t6 du bao ty lé tir vong. Tuy nhién,
thiéu tiéu chuadn dé chudn hoéa gilta cdc nha cung cap
va thiéu cac gia tri tham chiéu cda stic cang co tim
trén CHT la nhiing han ché néi bat. Mot ky thuat méi
khac dang phét trién Ia CHT méa héa bién dang nhanh
(CMR fast-SENC) c6 thé danh gia kha nang hoat dong

cla co tim va6i két qua tuong duang ky thuat Feature
tracking (CMR- FT).

Hinh 4. CMR feature tracking. Mdit cdt truc dai 4 buéng
SSFP cine (a), duding cong stic cdng doc (b). Mdit cdt truc
ngdn SSFP cine (c), dudng cong stic cdng chu vi (d) va
xuyén tam (e). (Nguén: Scartteria et al. Heart Faillure
Review 2020)

Tri tué nhan tao (Al) va machine learning (ML)

Tri tué nhan tao (Al) dang nhanh chéng trg
thanh mét trong nhing linh vuc phat trién nhanh
nhat ctia chan doéan hinh anh. Day la phuang phap
st dung cac thuat toan thong minh dé gidi quyét
cac van dé phuc tap. Machine learning (ML) la mét
nhanh cda Al, cho phép may tinh lién tuc cai thién
kha nang nhan dang mau va dua ra két luan. Mac du
cac ing dung lam sang ctia Al va ML van dang dugc
nghién ctu va can thai gian dé dugc cong nhan, thi
viéc trién khai cdc nguén luc nay sé thay déi dang ké
tuong lai. Dang chu y nhat 1a Al sé gop phan dang ké
vao viéc thu thap drliéu, tang téc xt ly hinh anh, mé
rong s6 liéu dé gia tang hiéu qua clia CHT tim trong
chan doan va diéu tri, déng thai ting kha nang tiép
can. Pa co rat nhiéu vi du vé hé théng do ML tao
ra cho phép tang dang ké thai gian xt ly hinh dnh
trong chup CHT mach mdu, tai tao hinh anh 3D vung
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ngam thuéc mudn toan bé co tim, giam nhiéu anh
do ho hap, gidm thaoi gian ngling thé trong thu anh,
va lap ban dé T1, T2 nhanh chong, don gian hon.
Cac phép do thé tich trong tim dugc tao tu dong tur
hé théng ML va dugc st dung dé phan tang nguy
cd bénh nhan hep van déng mach chi nang. Cac
phucong phap dung ML dé& phat hién seo nhéi mau
co tim khéng st dung thi ngdm thuéc muén, bénh
nhan khong phai tiém thuéc déi quang ti. Co6 mét
s6 han ché lién quan dén Al va ML trong CHT tim do
tinh méi clia [inh vuc nay. Bau tién, ML yéu cau mét
cd s& dir liéu rat 16n. Can chi phi cao dé€ nang cap ha
tang cho phép céac hé théng va mé hinh nay hoat
dong. Tém lai, du con han ché, Al va ML trong CHT
tim dang ti€p tuc dugc cai thién va mang y nghia
quan trong trong tiép can chan doan dua vao phan
tich tu déng vé hinh anh.

KET I.UIj\N

CHT tim la mo6t tham do hinh anh toan dién,
cung cap théng tin vé cau trac, chiic nang, dong
chay va quan trong nhat la cho phép tham do dac
tinh ctla mé co tim trong co thé séng (in vivo). Vai
trd hién tai cta CHT tim trong tién lugng va quyét
dinh diéu tri 1a khéng thé pha nhan. C6 rat nhiéu
tién bo trong ky thuat va cac nghién ctu danh gia
dang dién ra trong tét ca cac linh vuc ctia CHT tim,
gilp bac sy lam sang tiép can dé dang va dung dan
han nhiéu bénh ly tim mach.

XUNG BOT LO1 icH
Cac tac gia khong cé xung dot Igi ich trong bai
bao nay.
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