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TOM TAT

Chup cat Iép vi tinh dém photon la mét bude tién mang tinh cach mang trong cong nghé
chan dodn hinh anh, diea trén nguyén Iy phat hién va phdn loai timg photon tia X thay vi tich hop
nang lwong nhuw cac hé thong cat 1op vi tinh truyén thong. Bai tong quan ndy nham trinh bay toan
dién veé nguyen Iy ky thudt, uu diém, han ché va irng dung lam sang cia cat I6p vi tinh dém photon
trong boi canh phdt trién cia hinh anh hoc hién dai. Ve mat ky thudt, cdt I6p vi tinh dém photon sir
dung dau do (detector) ban dan dé chuyén doi truc tiép photon thanh tin hiéu dién va phan loai theo
cdc nguong nang luong, cho phép thuc hién chup anh phé lién tuc va phan tich ddc hiéu vat liu,
bao gom ca chup anh bo hap thu K (K-edge imaging). So voi cat I6p vi tinh truyen thong va cdt 1op
vi tinh nang luong kép, cdt [op vi tinh dém photon ¢ tiém nang vuot tréi vé do ) phan giai khong
gian, hiéu qua lieu, giam nhiéu va kha nang phan tich mé. Trong ldm sang, cdt I6p vi tinh dém
photon di chirmg minh gid tri trong nhiéu linh vue nhw tim mach, hé hdp, than kinh, co xwong khép
va ung thu, ddc biét trong danh gid mang xo vita thanh mach, tén thuong mé ké o phéz va dinh
luwong thuéc can quang I-6t (iodine). Tuy nhién, chi phi cao, thach thirc ky thuat va thiéu chudn héa
van la nhitng rdo can dang ké. Trong tiong lai, cdt l6p vi tinh dém photon duwoc ky vong dong vai
tro trung tam trong hinh anh hoc chinh xdc va cd thé héa, déc biét khi két hop véi tri tué nhan tao
va cde thuoc can quang da thanh phan

Tir khéa: Cat [6p vi tinh dém photon, dau do dém photon, cdt I6p vi tinh nang heong kép.

ABSTRACT

PHOTON-COUNTING CT: TECHNICAL PRINCIPLES, ADVANTAGES,
LIMITATIONS AND CLINICAL APPLICATIONS

Lam Dong Phong™
Can Tho University of Medicine and Pharmacy

Photon-counting computed tomography (PCCT) represents a paradigm shift in computed
tomography imaging by enabling direct detection and energy discrimination of individual X-ray
photons, as opposed to energy integration in conventional computed tomography systems. This
review provides a comprehensive overview of the technical principles, advantages, limitations, and
clinical applications of photon-counting computed tomography in modern radiology. Technically,
photon-counting computed tomography employs semiconductor detectors to directly convert
photons into electrical signals and categorize them based on predefined energy thresholds, enabling
continuous spectral imaging and material-specific characterization, including K-edge imaging.
Compared with conventional computed tomography and dual-energy computed tomography,
photon-counting computed tomography offers superior spatial resolution, improved dose efficiency,
reduced electronic noise, and enhanced material decomposition capabilities. Clinically, photon-
counting computed tomography has demonstrated significant advantages across cardiovascular,
pulmonary, neurological, musculoskeletal, and oncologic imaging, particularly in plaque
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characterization, interstitial lung disease assessment, and iodine quantification. Despite its
promising performance, challenges such as high system cost, technical limitations, and lack of
standardization remain. Future developments are expected to establish photon-counting computed
tomography as a cornerstone of precision imaging, particularly with the integration of artificial
intelligence and advanced multi-contrast agents.

Keywords: Photon-counting computed tomography, photon-counting detector, dual-energy
computed tomography.

I. PAT VAN PE

Trong hon bon thap ky phat trién, chup cat 16p vi tinh (CLVT) d tré thanh mdt trong
nhimg phuong tién chan doan hinh anh quan trong nhat trong thyc hanh 1am sang, véi sy
tién hoa lién tuc vé cong nghe dau do, téc do quét va thuat toan tai tao. Tir cac hé thong
CLVT thé hé dau voi dau do don day dén CLVT da day (multidetector CT) va CLVT nang
luong kép (dual-energy CT), mdi budc tién déu nham cai thién chét lwong hinh anh, giam
lidu tia X va m& rong kha nang cung cap thong tin mo hoc [1].

Tuy nhién, nén tang dau do ciia hau hét cac hé thong CLVT hién nay van dya trén
nguyén ly tich hop nang lugng (energy-integrating detector), trong do6 cac photon tia X dugc
chuyén d6i gian t1ep thong qua chat phat quang (scintillator) thanh anh sang, sau d6 thanh
tin hiéu dién. Co ché nay dan dén mot s6 han ché co ban. Thir nhat, tin hiéu thu duoc 14 tong
nang lugng ctia nhiéu photon, khéng cho phép phan biét ting photon theo muc nang luong
riéng 1€ [1]. Thir hai, cac photon nang luong thap, vén mang nhiéu thong tin twong phan,
thuong bi suy giam bdi nhiéu dién tir va bi danh trong s6 thap hon trong qué trinh tich hop
nang luong [2]. Thir ba, hién tuwong lan truyén anh sang trong chat phat quang 1am giam do
phan giai khong gian [3].

Su ra doi cua CLVT néng lugng kep da phan nao khic phuc han ché vé thong tin
nang luong bang cach str dung hai ph tia X khac nhau, cho phép phan tich vat liéu va tao
anh don sdc ao. Tuy nhién, CLVT néang luong kép van bi gidi han boi s6 luong phd ning
lwong hitu han va khéng cung cap duoc thong tin phd lién tuc [4].

Trong bbi canh d6, CLVT dém photon ndi 1én nhu mot cong nghé dot pha véi kha
nang phat hién va phan tich ting photon tia X. Nho str dung dau do dém photon (photon-
counting detector), CLVT dém photon khéng chi cai thién dang ké chét lwong hinh anh ma
con mé ra kha ning chup anh phod da nang luong voi do chinh xac cao hon. Diéu nay dic
biét quan trong trong xu hudng phat trién ctia y hoc chinh xéc, noi viéc dic hiéu hoa mé va
dinh lugng vat chit dong vai tro then chot [5].

Trong nhitng ndm gan day, s0 luong cac nghién ctru vé CLVT dém photon da gia
tang nhanh chong vai nhiéu két qua kha quan trong cac linh vuc tim mach, than kinh, ung
thu, co xuwong khdp, 16ng nguc va nhi khoa. Tuy nhién, phan 16n cac nghién ctru hi¢n nay
tap trung vao tung mg dung hodc timg hé co quan riéng 1¢, trong khi cac bai tong quan cap
nhat mot cach toan dién vé nguyén ly ky thuét, uu diém, han ché, mg dung 1am sang va
trién vong phat trién cia CLVT dém photon con twong ddi han ché tai Viét Nam. Bén canh
d6, nhiéu van dé quan trong nhu hiéu qud 1am sang thyc sy, tinh chuén hoa cua céac thong
s0 dinh lwong, hiéu qua chi phi, kha nang tich hop vao quy trinh lam viéc thuong quy va vai
trd cia CLVT dém photon trong ky nguyén tri tué nhan tao van dang tiép tuc duoc nghién
cuu va thao luan.

Bai viét nay duoc thuc hién dudi hinh thirc téng quan tuong thudt (Narrative
Review). Viéc tim kiém tai liéu duoc tién hanh trén cac co s& dit liéu PubMed/MEDLINE,
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Scopus va Web of Science ddi véi cac bai bao bang tiéng Anh dugc cong bd trong giai doan
tir thang 01 nam 2018 dén thang 03 nam 2026, sir dung két hop cac tir khoa: “photon-
counting CT”, “photon-counting detector”, “dual-energy CT” va “clinical applications™.
Céc nghién ctru gbc, bai tong quan hé théng, phan tich gdp, tuyén bd dong thuin va huéng
dan thyc hanh dugc dwa vao phén tich; trong khi d6, cac bai xi luan (editorials), tom tat hoi
nghi, thu gt ban bién tap, cac bai bao trung 1ap va nhitng nghién ctru khong lién quan tryc
tiép dén cha dé duoc loai trir. Cac tai lidu duoc lwa chon sau d6 dugc tong hop va phén tich
¢6 chon loc nham cép nhat cac bang chimg hién c¢6 vé nguyén 1y cong nghé, tmg dung 1am
sang, nhirng han ché va trién vong phat trién cia CLVT dém photon.

Trén co s d6, bai tong quan ndy nham hé théng hoa cac nguyén 1y k¥ thut cin ban
ciia CLVT dém photon, phan tich nhimg vu diém va han ché so voi cac he théng CLVT sir
dung dau do tich hop nang lugng, cap nhat cac dir liéu hién co vé ting dung lam sang trén
cac hé co quan, dong thoi thao luan nhiing thach thirc, xu hudng phat trién va tiém ning
g dung ctia cong nghé nay trong thuc hanh chan doan hinh anh hién dai.

II. NOI DUNG TONG QUAN
2.1. Nguyén ly ky thuat can ban

Nguyén 1y cbt 16i cia CLVT dém photon nam & kha ning phét hién truc tiép timg
photon tia X va do ning luong ciia chung. Khong giéng nhu dau do tich hop ning lugng,
dau do dém photon sir dung vat liéu ban dan nhu Cadmium telluride (CdTe) hosic Cadmium
Zinc telluride (CZT) dé chuyén d6i photon tia X thanh cac cip 16 tréng — dién tir (electron—
hole pairs). Khi mét photon twong tac véi dau do, nang lugng cua nd duoc chuyén dbi thanh
mot xung di¢n co bién do ty 1€ véi nang lugng photon [1]. Cac xung dién nay sau do dugc
so sanh v6i cac ngudng ning luong (energy thresholds) duoc thiét 1ap trude. Mdi photon s&
dugc phan loai vao mot “ngudng/dai nang luong” (energy bins) twong tng, cho phep xay
dung phd nang lugng cua tia X tai tung phan tir khi (voxel). DBéy la co so cua chup anh
phd (spectral imaging) trong CLVT dém photon [5]. Mot diém quan trong 1a kha nang thuc
hién chup anh bo hép thy K (K-edge imaging), trong do cac vat liéu co s6 nguyén tir cao
nhu I-6t hodc Gadolinium thé hién sy thay ddi dot ngot vé hé sb hap thu tai mot murc ning
luong dac trung (K-edge) [6]. CLVT dém photon c6 thé khai thac dic diém nay dé phéan biét
va dinh luong cac chat trong phan khac nhau trong cung mot lan chup [7].

So vé6i dau do tich  hop nang luong, dau do dém photon ¢ nhiéu wu diém vé mit vat
ly. Do khong st dung chit phat quang, hién tuwong lan truyén anh sang bi loai bo, gitp cai
thién do phan giai khong gian. Ngoai ra, nhiéu dién tir c6 thé duoc loai bo béng cach thiét
lap ngudng nang luong t6i thiéu, do d6 cac photon ning luong thip khong bi 1an at boi
nhicu [5].
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Hinh 1. Hinh minh hoa nguyén 1y hoat dong ctia dau do dém photon so véi
dau do tich hop ning luong.

A. Pau do tich hop néng lwong. Cdc dau do riéng 1é dwoc lam bang chat phdt quang nhw
Gadolinium oxide hodc Gadolinium oxysulfide (GOS) hdp thu cdc photon tia X va chuyén doi
nang lwong cia chiing thanh dnh sang nhin thdy dwoc. Sau d6, anh sang ndy dwoc phat hién

boi cdc didt quang (photodiodes) ddt & mdt sau ciia moi dau do va chuyén doi thanh dong
dién. Tin hiéu dwoc phdt hién ty 1é thudn véi tong ndng lirong photon ma khéng cé kha néing

phan biét giita cdc photon riéng 1é. B. Trong dau do ciia mdy CLVT dém photon, mét chdt bdn
dan nhw Cadmium telluride hdp thu cdc photon tia X. Piéu nay tao ra cdc cdp 16 trong - dién
tik v6i s6 lwong 1y 1¢ thugn voi nang lrong photon dwoc phdt hién, dicgc tach ra trong mot dién
trieong manh, dan dén sw chuyén doi truc tzep tin hiéu dwoc phat hién thanh dong dién. Voi
phirong phdp nay, cdc photon riéng 1é ¢é thé dwoc dém va nang lwong twong iing ciia chiing
6 thé dwoc do. Nguon [1]
2.2. Uu diém ciia cét 16p vi tinh dém photon
CLVT dém photon loai bo nhiéu dién tir va toi uu hoa viéc sir dung photon ning
luong thap. So véi CLVT truyén thong st dung dau do tich hop nang lugng, CLVT dém
photon mang lai nhiing cai tién mang tinh ban chét vé ca vat 1y thu nhan tin hiéu I4n chat
luong hinh anh. Trong hé théng dau do tich hop ning luong, tin hiéu dau ra la tong ning
luong cta nhiéu photon sau khi trai qua qua trinh chuyén d6i hai budc (tia X — anh sang
— dién), do @6 thong tin vé& ning luong cia ting photon bi mat di va tin hiéu d& bi anh
huéng béi nhiéu dién tir ciing nhu hién tugng lan truyen anh sang trong dau do. Nguoc lai,
CLVT dém photon sir dung vat lidu ban dan dé chuyén déi truc tiép photon tia X thanh tin
hi¢u dién, cho phép ghi nhén riéng lé timg photon va xac dinh nang luong cta chung [1],[5].
Co ché nay giap loai bo gan nhu hoan toan nhiéu dién tir nén, dic biét trong ving nang
lwong thap, tir &6 cai thién dang ké ty s6 tin hiéu trén nhiéu (Signal-to-Noise Ratio) va ty s6
twong phan trén nhiéu (Contrast-to-Noise Ratio), nhat 13 trong cac khao sat lidu tia X thap
[5]. Mot hé qua quan trong cua viée loai bo nhiéu dién tir 1a kha nang tan dung hiéu qua hon
cac photon ning luong thip — vn déng vai tro chinh trong viéc tao twong phan moé mém.
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Trong CLVT truyén théng, cac photon nang lugng thép thuong bi loai bo hodc bi “chim”
trong nhiéu, trong khi CLVT dém photon c6 thé ghi nhan va khai thac téi da thong tin tir cac
photon nay. Diéu nay khong chi cai thién chat lugng hinh anh ma con cho phép giam liéu
tia ma van duy tri hodc thdm chi nang cao kha ning phat hién tén thuong [8].

Mot trong nhitng wru diém noi bat nhat cia CLVT dém photon 1a d6 phan giai khong
gian cao. Do thiét ké dau do cua CLVT dém photon khong str dung 16p chit phat quang nén
loai bo hién tuong lan truyén anh sang (light spread), von 14 nguyén nhan lam giam d¢ phan
giai khong gian trong dau do tich hop ning luong. Nho d¢6, CLVT dém photon cé thé st
dung cac diém anh véi kich thudc nho hon déng ké, dan dén tang d6 phan giai khong gian
noi tai [1],[8]. CLVT dém photon dat dugc d6 phan giai dudi 0,25 mm nén diéu nay dic biét
¢6 y nghia trong viéc phat hién cic ciu trac nho nhu mang xo vira kich thudc nho, vi giy
xuong hodc cac ton thuong sém trong nhu mo. Ngoai ra, dd phan giai cao hon con gitp
giam hiéu tng thé tich mot phan (partial volume effect), gop phan cai thién do chinh xéac
dinh luong [8].

Hinh 2. Chyup mach vanh bang CLVT ctia mot bénh nhan 73 tudi.
A. Hinh CLVT néng lwong kép tdi tao da mdt phang cong ciia dong mach vanh phdi
(ddu do tich hop ndng lirong thé hé thir 2). B. Hinh CLVT dém photon chup cung mot
mach mdu nhu hinh A, cho thdy ré do phdn gidi cao hon va chat lirong hinh dnh dwoc
cdi thién. Nguon [1]

CLVT dém photon gitip giam dang ké cac loai nhidu anh (artifacts) phd bién nhu
ctimg chum tia (beam hardening) va nhiéu nd rong/véi hoa (blooming/calcification) nho kha
nang tai tao anh don sic va phan tich phd. Piéu nay dic biét quan trong trong danh gia gia
dd 1ong mach (stent) va mang xo vira voi hoa [9]. Ngoai ra, Trong CLVT truyén thong, sur
két hop cua hiéu tng thé tich mot phan va ham phan tan diém (Point Spread Function) dan
dén hién twong nd rong gia tao (artificial broadening/blurring) cua cac cau tric co6 kich thude
nho, cau tric mong hodc cac cau tric 6 mat do twong phan cao so voi méi truong xung
quanh, 1am che 1ap l1ong mach hodc ciu tréic 1an can [10]. CLVT dém photon, v&i d6 phan
giai cao hon va dic tinh ghi nhan tin hiéu chinh x4c hon, gitip giam dang ké hién tuong nay,
tor d6 nang cao d6 chinh xac trong danh gia hep dong mach vanh ciing nhu tinh trang long
gia do [10]. Py 1a mot cai tién ¢ ¥ nghia truc tiép dén quyét dinh 1am sang, dic biét trong
cac truong hop c6 voi hoa lan téa hoac dat gia dd mach mau c6 duong kinh nho.

Khi so sanh v6i CLVT nang luong kép, CLVT dém photon tiép tuc thé hién wu thé
vé kha ning phan tich ph6 ning luong. Trong CLVT nang luong kép, dit liéu pho thuong
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duogc thu nhén tir hai mirc ning luong khac nhau (vi du: hai mirc dién 4p 6ng tia hodc hai
dau do khac nhau), do d6 chi cung cip thong tin phd gidi han va phu thudc vao cac mé hinh
gia dinh dé phan tich vat chit. Nguoc lai, CLVT dém photon cho phép phan loai photon vao
nhiéu “ngudng/dai ning luong”, tir d6 tai tao phd ning luong gan nhu lién tuc [5]. Piéu nay
gitip nang cao do chinh xac cia CLVT dém photon trong phén tich vat chat va cho phép
phan biét tot hon cac thanh phan c6 dic tinh suy giam twong tu, nhu I-6t, can-xi, axit uric
hodc cac chat twong phan méi [1],[3],[5]. Pong thdi, CLVT dém photon cho phép tai tao
anh don sic 4o (virtual monoenergetic images) trén mot ngudng/dai ning luong rong hon,
gitip toi wu héa trong phan hodc giam hién tuong nhidu anh tiiy theo myc dich 1am sang [3].

CLVT truyén thong CLVT dém photon CLVT dém photon
tiéu chuén 130 keV
Hinh 3. Hinh anh minh hoa bénh nhan 85 tudi duoc phau thuat két hop xuwong
sau chan thuong cot song c0.

Tinh trang long vit cuéng séng bén phdi & dot song CS5 ré nhdt trén anh CLVT
dém photon 130 keV, trong khi nhiéu anh manh nhdt trén anh CLVT truyén théng. Liéu
bire xa thap hon dédng ké trong lan chup CLVT dém photon (CTDIvol 12,45 mGy so véi

7,54 mGy). Nguon [1]

Vé mat ky thuat, CLVT dém photon ciing c6 uu thé & chd khong can thay doi dién
ap 6ng tia hodc st dung hai ngudn tia nhu CLVT ning luong kép. Diéu nay giup don gian
hoa thiét ké hé thdng, giam cac van dé lién quan dén dong bd phd ning luong va han ché
cac sai s6 do léch thoi gian hoac chuyén dong bénh nhan gitra cac lan thu nhan di liéu. Hé
qué 1a dir liéu phd trong CLVT dém photon c6 tinh ddng nhat va d6 tin cdy cao hon [8].

Hiéu qua lidu 1a mot wu diém quan trong khac. Nho kha nang sur dung toan bg phé
nang luong va giam lang phi photon, CLVT dém photon c6 thé giam liéu tia dang ké ma
van duy tri chit lugng hinh anh. Nhiéu nghién ctru da chimg minh rang CLVT dém photon
c6 thé giam liéu tia tir 20-50% so véi CLVT truyén théng ma van duy tri hodc cai thién chat
lugng hinh [5]. Dleu nay dat duoc nho hiéu qua sir dung photon cao hon, loai bo nhiéu dién
tir va kha nang toi uu hoa phd ning lugng. Viée giam lidu tia ddc biét co y nghia trong cac
nhom bénh nhan can chup lap lai nhiéu 1an nhu bénh nhan ung thu, bénh 1y man tinh hodc
trong nhi khoa [3].

Tom lai, nhitng cai tién cia CLVT dém photon so véi CLVT truyén thong va CLVT
nang luong kép khong chi mang tinh k¥ thuat ma con c6 y nghia 1am sang sau sac. CLVT
dém photon khong don thuan 13 mot bude tién vé chit lugng hinh anh ma con mé ra kha
nang chuyén d6i CLVT tir mot phuong tién chan doan hinh thai sang mot cong cu cung cap
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thong tin dinh lwong va chic ning, gop phan nang cao do chinh xac chan doan va hd trg'y
hoc cé thé héa.

Bang 1. So sanh céc tiéu chi k§ thuat trong viéc tao anh ctia CLVT truyén théng, CLVT
nang lugng kép va CLVT dém photon [1]-[10]

Tiéu chi CLVT CLVT CLVT
truyén thong nang luong kép dém photon
A . Pau thu tich hop ning
Nguyén 1y dau thu Dauvthu tich hop lwong, thu nhan 2 phdé | Péu thu dém photon
nang luong g .
nang luong khac nhau
N U Dém timg photon va
Céach thu nhéan tia X Mot pho nang Haip h;o nang lugng phan loai theo nang
luong (thap va cao)
luong
Ao Khéng phan biét | Phan biét 2 muc nang | Phén biét nhicu mirc
Thong tin nang luong < <
nang lugng photon luong nang luong
D6 phan giai khong gian Tot Tot Rét cao
A LA e . £ Cao hon CLVT £
Do phan giai tuong phan Tot truyén thong Cao nhat
Nhiéu anh Trung binh Giam nhe Thap nhat
A 2 Tuwong duong hodc thap | Thap nhat (trong cing
Licu tia Chuan hon CLVT thuong chét luong anh)
Hién tuong nhiéu no rong Nhiéu Giam Giam 10 rét
Hién tugng cliing chum tia Dé gip Giam Giam déang ké
Phan biét vat chét Han ché Tot(L-ot, axiturie, | par (6 da vat chét
can-xi...)
Dinh Iugng I-6t Khong Co Chinh xac hon

2.3. Ung dung 1am sang ciia cit 16p vi tinh dém photon

Su chuyén doi tir hé théng dau do tich hop ning luong sang dau do dém photon
khong chi mang lai cai thién v& mat vat 1y hinh &nh ma con mé ra mat hé sinh thai rng dung
lam sang hoan toan mdi, noi thong tin hinh d&nh khong con gidi han ¢ mirc do hinh thai ma
tién téi dinh luong, dac hiéu hoa mo va tham chi tiép can gén hon v6i hinh anh hoc phan tir.
Céc tung dung ciia CLVT dém photon can dugc hiéu khong don thuan 1a “t6t hon CLVT
thuong”, ma la su thay ddi vé ban chit cua thong tin hinh anh thu duoc, dac bi¢t trong céac
bénh 1y ma phan tich thanh phan mé va céu tric vi mé déng vai trd quyét dinh trong chan
doén va diéu trj.

2.3.1. Tim mach

Trong linh vyc tim mach, CLVT dém photon dugc xem 1a mot trong nhiing ¢ Ung dung
c6 tiém nang chuyén d6i thyuc hanh lam sang ro rét nhat. Cac hé théng CLVT truyén thong,
du da dat dén d6 phén giai cao, van gap kho khan trong danh gia dong mach vanh & nhiing
bénh nhén c¢6 voi hoa nang hodc dit gia dd 10ng mach, chii yéu do hién tuong nhidu nd rong
(bloommg artifact) lam phong dai kich thuéc mang voi va che 1ap long mach thyc sy. Nho
d6 phan giai khong gian co tiém nang vuot troi va kha nang tai tao phan tir khdi nhé hon
dang ké, CLVT dém photon giup giam thiéu hién tuong nay, tr do cai thién do chinh xéc
trong danh gid mac do hep dong mach vanh [10].

Quan trong hon, CLVT dém photon cho phép phén tich thanh phan mang Xo vira voi
do chi tiét cao hon so v6oi CLVT truyen thong. Nho kha ning phan tich pho nang luong lién
tuc va ti tao anh don sic ¢ nhiéu mic ning lugng khac nhau, CLVT dém photon cé thé
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phan biét tuong ddi chinh xac cac thanh phan md (lipid), xo va voi hoa trong mang xo vita.
CLVT dém photon ¢ ¥ nghia quan trong trong danh gia nguy co tim mach, vi cic mang
giau lipid va c6 vo xo mong (thin-cap fibroatheroma) lién quan chat ché dén nguy co v&
mang xo vita va nhdi mau co tim [11].

Mot tmg dung ndi bat khac 1a danh gia gia d& long dong mach vanh. V&i CLVT
truyén thong, hién twong nhidu anh nd rong va nhidu anh kim loai lam han ché dang ké kha
ning danh gia long gia d&, dic biét véi cac gia do kich thude nho (<3 mm). CLVT dém
photon gitp giam dang ké nhiéu anh nay théng qua két hop d6 phan giai cao va tai tao don
sic & murc nang luong cao, tir d6 cai thién kha ning dénh gia tai hep trong gia d& [12]. Mot
s6 nghién ctru gan day cho thdy CLVT dém photon c6 thé dat 6 chinh xac chan doan tuong
duong hodc vuot qua CLVT truyén thong trong danh gia gia d&, dic biét trong cac gia d&
long mach nh6 va c6 mat d¢ kim loai cao [10], [11], [12].

Ngoai ra, CLVT dém photon mé ra kha ning danh gia tuéi mau co tim dua trén dinh
luong I-6t voi d6 chinh xac cao hon [13]. Kha nang nay khong chi giup phat hién thiéu mau
co tim ma con c6 thé tich hop véi danh gia giai phau trong cting mot 1an chup, tao nén mot
phuong phap “one-stop-shop” (tam dich ° ‘tat ca ‘trong mot”) cho bénh ly dong mach [14].
Pay 1a mot budc tién quan trong hudng t6i ca thé hoa chan doan va diéu tri trong tim mach.

Mot hudng nghién ctru méi 1a sir dung dir liéu CLVT dém photon dé udc tinh cac
thong sd chtrc niang nhu danh gia dy trit luu luong phan doan dong mach vanh (fractional
flow reserve). Nho chat lugng hinh anh cao va dir liéu phd phong pha, CLVT dém photon
co thé cai thién do chinh xac cua cac mo hinh tinh toan huyét dong, mic du linh vyc nay
van dang trong giai doan phat trién [15].

2.3.2. Ho hap

Trong linh vic ho hip, CLVT dém photon mang lai 1ot ich rd rang khi danh gia cac
bénh ly nhu mo phdi, ddc biét 1a bénh phdi mo ké va cac tén thuong nho [16]. Boi vi phdi
c6 cAu tric vi mo phtc tap va do tuong phan thap gilra cac thanh phan nén viéc nang cao do
phan giai khong gian cing véi giam nhidu tré nén rat quan trong. CLVT dém ‘photon cho
phép phat hién cac thay ddi som cua bénh phdi mé k& nhu day vach lién tiéu thuy, ton
thwong dang kinh md hodc dang ludi véi d6 rd nét cao hon so v6i CLVT truyén thong. Diéu
nay co thé gitp chan doan sém va phén loai chinh x4c hon cac bénh Iy nhu xo phdi vo cin
hozc viém phoi mé k& lién quan bénh hé théng [17]. D4i véi cac ndt phdi nho, dic biét 1a
cac ndt <3 mm, CLVT dém photon cho thiy kha niang phat hién vuot troi nho do phén giai
cao va giam nhidu. Diéu nay cd nghia quan trong trong sang loc ung thu phéi va theo doi
nét phdi nho [17]. Ky thuat CLVT dém photon con cho phep phén tich chi tiét cac dac diém
hinh thai va bé mat ndt, gitip cai thién dang ké do chinh xac trong viéc phén loai ton thuong
lanh tinh va 4c tinh [17],[18].

Mot khia canh dang chi ¥ 1a kha ning thyc hién hinh anh chirc ning. Bang cach
phan tich I-6t va tao ban dd phan b tudi mau, CLVT dém photon c6 thé danh gia su phan
bé thong khi — twéi mau trong phoi ma khong can str dung cac ky thuét phirc tap nhu chup
cat 10p vi tinh phét xa don photon (Single Photon Emission Computed) hodc cong hudng tur
[19]. Diéu nay mo ra hudng tiép can moi trong danh gia cac bénh 1y nhu thuyén tic phdi
hodc bénh ph01 tac ngh&n man tinh.

2.3.3. Than kinh

Trong than kinh hoc, CLVT dém photon mang lai nhimg cai thién quan trong trong
phat hién céc ton thuong nho va phén biét cac thanh phan mé c6 mat do gan nhau. Mot trong
nhiing tmg dung ndi bat 1a phat hién xuat huyét ndo nho, noi d6 tuong phan gitra mau va nhu
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md néo rat thép trong giai doan sém. CLVT dém photon, nh¢ giam nhiéu va cai thién d twong
phan, co thé phat hién cac 6 xuét huyet nho ma CLVT truyen thong ¢6 thé bo sot [20]. Quan
trong hon, kha nang phén biét I- bt va méu gitip giai quyét mot van dé 1am sang thuong gip:
phan biét xuat huyét thuc su voi thoat thude can quang sau can thiép mach ndo [21].

Trong dot quy do thiéu mau ndo, kha ning phat hién sém céac thay d6i nhu mé nhur
giam dam d6 nhe hodc phu té bao co thé duoc cai thién v6i CLVT dém photon. Cong nghé
nay cho phép phan tach phd ning lugng cua tia X, tir d6 cai thién d6 tuong phan giita ving
thiéu mau cuc bo va mod ndo binh thuong so véi CLVT thong thuong [22]. Déc biét, kha
ning dém Jphoton timg ngudng/mirc nang luong gitp loai bo nhiéu dién tir va cho phép tao
anh don sic t6i uu, tir 46 tang do nhay trong viéc chan doan cac dau hiéu thiéu méau nio giai
doan sém ma cac h¢ thong dau do tich hop nang luong truyén thong thuong bo sot [23].

Ngoai ra, CLVT dém photon con c¢6 tiém nang trong danh gia vi cau triic néo va phan
tich thanh phan mo, vi du phan biét chat xam va chat trang hodc danh gia myelin [24]. Day
1a nhirg hudng nghién ctru méi cd thé mé rong tng dung ctia CLVT dém photon trong céc
bénh 1y thoai hoa hoic viém nhiém hé than kinh.

2.3.4. Co xuwong khop

Trong linh vuc co xwong khép, CLVT dém photon mang lai kha nang danh gia vi
céu triic xwong véi do chi tiét rd rang hon. Piéu nay dic biét quan trong trong cac bénh ly
nhu loang xuong, noi mat d6 khoang xuwong khong phan anh day du nguy co giy xuong.
CLVT dém photon c6 thé cung cip thong tin vé cau tric bé xuong, gitip danh gia toan dién
hon chét luong xuong [25]. Ngoai ra, CLVT dém photon cai thién danh gia cac tén thuong
xuong nho, gy xuong vi thé va tén thuong sun, dic biét trong cac khép nho nhu cb tay
hoac ban chan [26].

Mot Gmg dung 1am sang quan trong 1 trong bénh gut (gout). CLVT dém photon, véi
kha nang phan tich phd ning luong, c6 thé phan biét chinh xéac tinh thé urat (urate) voi can-
xi (calcium) ma khong can str dung CLVT ning luong kép [26]. Piéu nay gitp chan doan
bénh gut voi do chinh xac cao hon va co thé theo dbi dap tng diéu tri thong qua dinh lwong
ganh ning tinh thé (quantification of crystal burden).

2.3.5. Ung thw

Trong ung thu hoc, CLVT dém photon mé& ra mot huéng tiép can méi trong dac hiéu
hoa khéi u va theo ddi diéu tri. 'Kha nang phan tich vat liéu va dinh luong I- 6t cho phép
danh gia tu6i mau khéi u, mot yéu 6 quan trong trong phan biét u lanh — 4c va danh gia dap
tmg diéu tri [27].

CLVT dém photon ciing cho phép tao anh don sic t6i uu cho timg loai ton thuong,
gitp cai thién d6 twong phan giira khdi u va mé lanh [28]. Ngoai ra, kha ning phan tich phd
lién tuc co thé gitp phat hién cac thay ddi nho trong thanh phén mod, vi du hoai tir hoac xo
hoa sau diéu tri [27],[28].

Mot hudng phat trién quan trong cia CLVT dém photon 1a sir dung cac thudc can
quang da thanh phan két hop véi chup anh bd hip thu K dé theo ddi nhiéu muc tiéu sinh
hoc cung luc, vi du dong thoi danh gia tudi mau va biéu hién thu thé [7],[29].

2.3.6. Nhi khoa

Trong nhi khoa, CLVT dém photon mang lai loi ich dic biét quan trong do kha ning
giam liéu tia trong khi van duy tri chat lwong hinh anh cao. Tré em nhay cam hon véi birc
xa va thuong can chup lap lai nhiéu 1an, do d6 viéc giam lidu 14 wu tién hang dau [30]. CLVT
dém photon cho phép giam lidu dang ké nhd hiéu qua sir dung photon cao hon va giam
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nhiéu. Ddng thoi, 46 phan giai cao giup danh gia tot cac ciu triic nho trong tim bam sinh
hoic di tt bam sinh khac [31].
2.4. Thach thirc va han ché

Céc han ché cia CLVT dém photon hién nay khong chi yéu nam & chat lugng hinh
anh, ma o kha nang chuyén doi tir mot cong nghé wu viét vé mat ki thuat sang mot cong nghé
mang lai loi ich lam sang va kinh té 1o rang. Noi cach khac, CLVT dém photon da ching minh
duogc wu thé vé d6 phan giai, giam nhiéu, kha ning phan tich pho va dinh luong, nhung dé tro
thanh tiéu chuan trong thuc hanh thudng quy, cong nghé ndy van can vuot qua cdc thach thire
16n: chimg minh gi tri 1am sang vuot trdi thong qua cai thién chan doan, diéu tri va két cuc
bénh nhan; chun hoa quy trinh va céc chi sé dinh luong dé dam bao tinh nhét quan gitra cac
hé théng va trung tdm; giam chi phi va mé rong kha nang tiép can, giap CLVT dém photon
kha thi vé mit kinh té; tich hop hiéu qua vdi tri tu¢ nhan tao va quy trinh lam viéc s6 hoa,
nham khai thac t6i da luong dir liéu phd phong pht ma CLVT dém photon tao ra.

CLVT dém photon mang lai gi4 tri kha cao trong cac tinh huéng ma chat lwong hinh
anh la yéu tb gi61 han chan doan, nhu mach mau nhé, cau trac xuong tinh vi, vat li¢u kim
loai hodc khi can phan tich phd va dinh luong. Nguoc lai, ¢ nhitng bénh ly ma chuan chan
doan phy thudc vao thong tin chirc néng, sinh hoc mé hodc hinh anh mé mém (vi du cong
hudng tir trong than kinh va co xuwong, chup X quang mach mau sé hoa x0a nén trong can
thi€p mach) hoac khi CLVT da day hién nay da dat hi¢u nang chan doén rit cao thi loi ich
gia tang cua CLVT dém photon c6 thé khong twong xtng véi chi phi va do phire tap [1],[3].
Pay ciing 13 Iy do xu hudng hién nay khong phai 1a "thay thé toan bd CLVT thong thudng
bang CLVT dém photon", ma 13 tmg dung c¢6 chon loc trong cac chi dinh ma CLVT dém
photon chirng minh dugc gia tri 1am sang, cai thién quyét dinh diéu tri hodc mang lai hiéu
qua chi phi ro rang.

Hién nay, CLVT dém photon khong thay thé CLVT truyén thong ngay lap tire. CLVT
truyén théng van dap tng phan 16n nhu ciu, chang han chup CLVT so nio cip ciru, bung
thudng quy, nguc tim soat u phdi, chdn thwong. Trong cac truong hop nay, CLVT dém
photon chi cai thién vira phai [8]. Do d6, khong phai moi bénh 1y déu can chup CLVT dém
photon. Mit khéc, phan 16n chuyén gia khong xem CLVT dém photon chi 1 mot ban ning
cap ctia CLVT truyén théng hay CLVT ning luong kép, ma 1a mot su thay d6i nén tang
(paradigm shift) trong cong nghé chup cit 16p vi tinh. Tuy nhién, téc do phd cip s& phu
thudc vao viéc tich lily bang ching vé loi ich 1am sang, hiéu qua chi phi va kha ning tich
hop vao quy trinh thuc hanh thuong quy [2], [4], [8].

Mac du CLVT dem photon mang lai nhiéu loi ich tiém nang vugt troi, viéc trién khai
rong rdi cong ngh¢ nay van d6i mat v6i nhiéu kho khan. Trude hét 1a chi phi dau tu cao, bao
gom ca phan cting dau do va hé thong xu ly dir liéu phire tap [1], [8]. Diéu nay han ché kha
nang tiép can tai nhiéu co so'y té, ddc biét & cac nudc dang phat trién, trong d6 c6 Viét Nam.

CLVT dém photon cling ddi mat voi mot s thach thac ky thudt. Hién tuong chia sé
dién tich (charge sharing) x4y ra khi dién tich tir mot photon lan sang céc diém anh (pixel)
lan cén, lam sai 1éch do nang luong [1], [3], [6]. Hién tuong chong xung (pulse pile-up) xay
ra khi nhiéu photon dén trong thoi gian rat ngan, dan dén chong tin hidu va mét thong tin
nang luong [1], [3], [6], [9]. Chung c6 thé anh huong dén dd chinh xac cua do nang lugng
va phan tich vat liéu. Ngoai ra, viéc hiéu chuan dau do va 6n dinh ngudng/dai nang lugng
theo thoi gian 1a mot thach thic k¥ thuat dang ké, rat quan trong dé dam bao do chinh xac
ctia dit liéu pho [1], [6], [8]. Mot van dé khac 1a thiéu chudn héa trong thu nhan va xu 1y dit
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liéu CLVT dém photon. Cac thudt todn tai tao, phan tich vat li€u va hién thi hinh anh van
chwa duoc chuin hoa giita cac nha san xuat, giy kho khan trong viéc so sanh va ap dung
rong rai [3], [5], [8].

2.5. Hién tai, twong lai va xu huéng phat trién

Hién nay, da s6 nghién ctru chimg minh cho anh dep hon, d6 phén giai cao hon, it
nhiéu hon. Tuy nhién, cau héi quan trong la liéu CLVT dem photon c6 gép phan cai thién tién
luong bénh nhén? Tac gia bai viét nghi rang hién van can thém nhiéu nghién ctru da trung
tam, nghién ctru ngau nhién, theo ddi dai han va phan tich hiéu qua chi phi (cost-effectiveness)
dé chimg minh loi ich 1am sang vuot trdi cia CLVT dém photon. Ngoai ra, trong giai doan
hién nay CLVT dém photon nén dugc xem la mot cong nghé chuyén dbi (transformative
technology) voi tiém nang rat 16n, nhung van dang trong qua trinh tich lay bang ching dé
chuyén tir "uu thé k¥ thuat" sang "wu thé 1am sang" va "uu thé vé hiéu qua chi phi".

Trong twong lai, CLVT dém photon duoc ky vong s& dong vai trd trung tdm trong
h¢ sinh thai hinh anh hoc hién dai. Sy két hop gitta CLVT dém photon va tri tué nhan tao c6
thé gitip toi uru hoa tai tao hinh anh, giam nhleu va ty dong phan tich vat liéu [8],[30]. CLVT
dém photon va tri tué nhan tao s& phat trién song hanh, co thé tw dong phat hién ton thuong,
phan loai md, phan tich phd, dinh luong, tao ban mo ta t6n thuong va dua ra chan doan so
bd ban dau. Céc bac si s& tap trung nhiéu hon vao viéc tich hop thong tin va ra quyét dinh
lam sang.

Dinh lugng s& tro thanh xu hudng chinh. Ban mé ta két qua CLVT c6 thé chuyén tir
mo ta dinh tinh sang dinh luong véi cac chi s6 nhu: ndng do I-6t, thé tich I-6t, ban d6 sb
nguyén tir hiéu dung, mat do dién ttr. Diéu nay gitp ting tinh khach quan trong chan doan
bénh va tang kha nang theo doi dién tién bénh theo thoi gian.

Mot hudng phat trién quan trong 14 hinh anh hoc phén tir, trong 46 CLVT dém photon
két hop véi cac thude can ‘quang da thanh phan dé theo ddi cac qua trinh sinh hoc & mirc phan
tir [2],[3]. Piéu nay co thé mo ra ky nguyén méi trong chan doan va diéu tri ca thé hoa.

Trong 5-10 nim t6i, viéc mé rong tng dung CLVT dém photon nhiéu kha ning s&
dién ra theo ting linh vuc chuyén sau (dic biét 1a tim mach, than kinh, co Xuong va ung
thw) thay vi déng loat trén moi chi dinh CLVT. CLVT dém photon c6 tiém ning trong danh
gi4 twdi mau co tim, phén tich vi cdu tric mé va theo ddi dap ing diéu tri ung thu [13], [27],
[28]. Khi chi phi giam va c6ng ngh¢ dan hoan thién, CLVT dém photon c6 thé dan thay thé
CLVT truyén thdng trong nhiéu tmg dung lam sang.

III. KET LUAN

Cit 16p vi tinh dém photon khong chi 1a mdt sy cai tién vé chat luong hinh 4nh ma
con 1a mot nén tang cong nghé mai co kha nang thay doi cach thirc thu nhéan, phan tich va
khai thac dir 1iéu CLVT trong thuc hanh chan doan hinh anh. Mic du con tdn tai nhiéu thach
thirc vé k¥ thuat, 1am sang va kinh té, nhiing bang chimg hién nay cho thdy CLVT dém
photon c6 tiém nang trd thanh mot trong nhitng cong nghé chu dao ciia chan doan hinh anh
hi¢n dai. Viéc tiép tuc chuan héa quy trinh k¥ thuat, xay dung cac huong dan dong thuan
qudc té, thuc hién cic nghién ctru da trung tdm quy mo 16n va danh gia hiu qua 1am sang
ciing nhu hiéu qua chi phi s& 1a nhitng yéu t6 then chdt quyét dinh téc d6 va pham vi ing
dung cua cong nghé nay trong nhitng ndm tdi.
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