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TOM TAT

Pit van dé: Bénh phoi tic nghén man tinh (COPD) 1a mét trong nhitng nguyén nhan tir
vong hang dau trén toan cau, dic trung boi tinh khong dong nhat giita khi phé thiing va bénh
duong thd nho. Chire nang ho hip truyén théng c6 han ché trong viéc phat hién sém va phan
loai kiéu hinh ctia bénh. Parametric Response Mapping (PRM) 13 k¥ thuat phan tich CT tién
tién c6 kha ning phan biét bénh duong thd nho chic ning (fSAD) va khi phé thing.

Muc tiéu: Toéng quan y vin vé nguyén ly, ing dung 14m sang va tiém ning ctia PRM trong

chan doan, phén loai kiéu hinh va theo dbi tién trién COPD.

Phwong phap: Tong quan tai liéu tir cac co s dit liéu PubMed, Scopus vé PRM trong
COPD tir nim 2012 dén 2025, tap trung vio cc nghién ciru gbc va tong quan hé thong.

Két qua: PRM st dung CT hit vao va thd ra dé phan loai voxel thanh ba nhom: PRMyom,
PRMssap va PRMEmph. fSAD 14 giai doan trung gian c6 kha ning hdi phuc, xay ra trude khi
phé thiing. O bénh nhan GOLD 0, PRMisap c6 lién quan dén suy giam FEV, sau 5 nam,
trong khi PRMEmph khong c6 lién quan. PRMisap dong gop 87% vao suy giam FEV; ¢ COPD
nhe-trung binh (GOLD 1-2).

Két luan: PRM 1a ddu 4n sinh hoc CT ddc ddo, co tiém ning tng dung trong chan doan
som, phan loai kiéu hinh, theo dai tién trién va danh gia dap ung diéu tri COPD, hudng t&i

y hoc ca thé hoa.

T khoa: Parametric Response Mapping, COPD, bénh dwong thé nhé chirc ndng, khi phé
thiing, CT nguc dinh luong

ABSTRACT



Background: Chronic obstructive pulmonary disease (COPD) is a leading cause of
mortality worldwide, characterized by heterogeneity between emphysema and small airway
disease. Traditional pulmonary function tests have limitations in early detection and
phenotype classification. Parametric Response Mapping (PRM) is an advanced CT analysis
technique capable of distinguishing functional small airway disease (fSAD) from

emphysema.

Objectives: To review the literature on the principles, clinical applications, and potential of

PRM in diagnosis, phenotype classification, and monitoring of COPD progression.

Methods: Literature review from PubMed and Scopus databases on PRM in COPD from

2012 to 2025, focusing on original research and systematic reviews.

Results: PRM uses inspiratory and expiratory CT to classify voxels into three groups:
PRMnom, PRMisap, and PRMgmph. fSAD is a potentially reversible intermediate stage
preceding emphysema. In GOLD 0 patients, PRMap was significantly associated with
FEV decline after 5 years, while PRMEgmpn was not. PRMssap contributes 87% to FEV,
decline in mild-moderate COPD (GOLD 1-2).

Conclusions: PRM is a unique CT biomarker with potential applications in early diagnosis,
phenotype classification, progression monitoring, and treatment response evaluation in

COPD, advancing personalized medicine.

Keywords: Parametric Response Mapping, COPD, functional small airway disease,

emphysema, quantitative chest CT

PAT VAN PE

Bénh phoi tic nghén man tinh (COPD) 12 nguyén nhan tir vong dtg hang tht ba trén toan
cau, dic trung boi tinh khong dong nhat vé mit bénh hoc giita khi phé thiing va bénh duong
thé nho [1]. Mic du chire ning ho hip (ho hap ky) dong vai tro trung tim trong chan doan
COPD, kha ning phat hién bénh & giai doan sém va mo ta tinh khong dong nhat ctia bénh
con han ché. Cu thé, ho hap ky chi co thé phat hién bat thuong khi ton thuwong mé phoi da
vuot qua 30% va tic nghén dudng thd nhoé hon 75% [2,8]. Hon nita, nhiéu ngudi trudng
thanh hut thudc c6 chirc nang phdi bao ton (GOLD 0) van c6 nhitng han ché dang ké vé chirc

nang, triéu chirmg hé hap va suy giam chat luong cudc séng [3].



Chup cit 16p vi tinh (CT) nguc di tré nén quan trong trong viéc cung cap cai nhin sau sic
vé sinh Iy bénh COPD, bang cach dinh luong khi phé thiing va bénh dudng thé nhé. Cac ki
thuat CT truyén théng nhu do mat do voxel (diém anh 3 chiéu) < -950 HU (LAV-950: low
attenuation volume-950) hodc do by khi bang ty 1& E/I-ratiomip (Expiratory/Inspiratory
ratio of Mean Lung Density) c6 thé dinh lugng khi phé thiing va by khi, nhung khong thé
phan biét dugc ngudn gdc cua bay khi 1a tir khi phé thiing hay tir bénh duong thd nho [4].

Parametric Response Mapping (PRM) 1a mot phuong phap phan tich hinh anh CT tién tién,
duoc Galban va cong sy gidi thidu 1an dau vao nim 2012 [5]. PRM cho phép phan biét cac
ving bay khi do khi phé thiing v6i cac ving bay khi khong phai do khi phé thiing (bénh
duong thd nho chirc nang — fSAD: functional small airway disease), md ra tiém nang tng
dung 16n trong chan doan sém, phan loai kiéu hinh va theo di tién trién COPD. Bai tong
quan nay nham hé théng hoa nhiing kién thte hién tai vé PRM va tiém ning tng dung 1am

sang cua ky thuat nay.

NOI DUNG

1. Nguyén ly ky thudt Parametric Response Mapping

PRM la phuong phap phan tich hinh anh duya trén voxel (don vi thé tich nhé nhat ciia hinh
anh CT) dé phan loai cac kiéu hinh COPD. K¥ thuat ndy st dung ca hinh anh CT hit vao
hoan toan va thd ra hoan toan, sau do can chinh khong gian (co-registration) hai ban quét

nay dé so sanh sy thay doi mat do phoi trén co so timg voxel [5].

Dua trén ngudng mat do Hounsfield Unit (HU), mdi voxel dugc phan loai thanh mdt trong

ba nhom:

PRMnorm (phdi binh thwong): Voxel c6 mat dd > -950 HU trén CT hit vao va > -856 HU
trén CT tho ra. Pay 1a ving phdi ¢ chirc nang thong khi va trao d6i khi binh thudng.

PRMisap (bénh duwdng thé nhé chire nang): Voxel c6 mat do > -950 HU trén CT hit vao
va < -856 HU trén CT thé ra. Pay 1a vung phdi c¢6 hién twong biy khi nhung khong phai do
khi phé thiing, dai dién cho bénh dudng thd nho chirc ning.

PRMEmph (khi phé thiing): Voxel c6 mat d6 < -950 HU trén CT hit vao va < -856 HU trén
CT thé ra. DPay 1a viing khi phé thiing véi mé phdi bi pha huy.

biém doc dao ciia PRM so véi cac ky thudt CT dinh lugng khac 1a kha nang phan biét dugc
hai thanh phan bénh hoc chinh ctia COPD: bénh dudng thd nhé va khi phé thiing. Trong khi



cac phuong phap nhu do by khi bang E/I-ratiomip chi phan anh tong luong bay khi ma
khéng x4c dinh duoc ngudn gbe, PRM cho phép dinh luong riéng biét timg thanh phan [5].

2. Bit thwong dwong thé nhé di trwée sw tién trién ciia khi phé thiing

Mot trong nhitng phat hién quan trong tir cac nghién ciru PRM 1a vai tro ciia fSAD nhu mot
giai doan trung gian trong tién trién bénh COPD. Hogg va cong su dd chimg minh trén mo
hoc rang su hep va bién mét cua cac tiéu phé quan tan xay ra trude khi cac t6n thuong khi
phé thiing trd nén rd rang [6]. Phat hién ndy dugc cung cb bdi cac nghién ctru CT cho thay
s6 lwong dudng thd giam 17-19% & bénh nhan COPD nhe-trung binh so véi ngudi khong
hat thude [7].

Diéu quan trong 1a fSAD c6 kha ning hdi phuc ¢ giai doan som ctia COPD. Néu dugc can
thi¢p kip thoi, qua trinh viém va tai cAu tric duong thé nho co thé duoc kiém soat. Tuy
nhién, néu khong dugc diéu tri, fSAD s& tién trién thanh mét duong thé va khi phé thiing -
nhimg ton thuong khong thé hoi phuc [8]. Pay 14 co so 1y thuyét cho viéc sir dung PRM
trong phat hién soém va can thi¢p kip thoi COPD.

3. Phin logi kiéu hinh COPD bing PRM

Nghién ctru COPDGene trén hang nghin bénh nhan di sir dung PRM dé phén loai cac kiéu
hinh phéi [9]. Két qua cho thdy bénh nhan ¢ ciing mirc d6 tac nghén duong thé trén ho hap
ky (cung giai doan GOLD: Global Initiative for chronic Obstructive Lung Disease) c6 thé
¢6 ty 18 PRMisap va PRMEmph rat khac nhau, phan anh tinh khong dong nhét ciia bénh. Cac

kiéu hinh chinh dugc x4c dinh bao gém:

- Kiéu hinh wu thé bénh dudng thé (Airway-Predominant Disease - APD): PRMgap cao,
PRMEmph thip

- Kiéu hinh wu thé khi phé thiing (Emphysema-Predominant Disease - EPD): PRMpmph cao,
PRMisap thap

- Kiéu hinh két hop (Combined APD-EPD): C4 hai thanh phan déu ting

Theo ddi sau 5 nam cho thay cac kiéu hinh nay cé tién lugng khac nhau vé tién trién mtrc
d6 tac nghén dudng thé theo giai doan GOLD, v6i nhom kiéu hinh két hop (Combined APD-

EPD) c6 nguy co tién trién ning cao nhét [9].

4. PRM va suy giam chivc ning hé hip



Bhatt va cong su dd nghién ciru méi lién quan gitta PRM va su suy giam FEV| theo thoi

gian & cac giai doan GOLD khéc nhau [10]. Két qua cho thay:

O bénh nhan GOLD 0 (bénh nhén nguy co): PRMgap c6 lién quan dang ké dén suy giam
FEV| sau 5 nam, trong khi PRMEmph khong c6 lién quan. Piéu nay goi ¥ rang fSAD la yéu

t6 tién lwong quan trong hon ¢ giai doan sdm cta bénh.
O bénh nhan GOLD 1-4: Ca PRMisap va PRMEmph déu lién quan dén suy giam FEV.

Dic biét, phan tich ty 1¢ dong gop cho thady PRMap chiém 87% trong khi PRMgmph chi
chiém 13% su suy giam FEV & COPD nhe-trung binh (GOLD 1-2). G COPD ning-rat ning
(GOLD 3-4), ty 18 nay 1a 68% va 32% [10]. Két qua nay nhdn manh tim quan trong cia
fSAD trong giai doan s6m cua COPD.

5. Theo déi tién trién dai han bang PRM

Phuong phép phan tich PRM cho phép theo ddi su chuyén d6i trang thai cia timg voxel theo

thoi gian [11]. Nghién ctru ctia Labaki va cong sy cho thay:

- Bénh nhan c6 fSAD/ Emph thap ban dau chi yéu tién trién theo hudng ting fSAD;

- Bénh nhan c6 fSAD/ Emph cao ban dau chu yéu tién trién theo hudng ting Emphysema;
- PRMssap ban dau 1a yéu t6 du bao doc 1ap cho su phat trién khi phé thiing sau 5 nam.

Kim va cdng su theo doi 6 nam trén b¢nh nhan COPD GOLD 1-2 cho théy cr moi 10%
PRMisap tdng thém, FVC giam 26,6 mL/ ndm va FEV| giam 11,8 mL/ ndm [12]. Nguoc lai,

su thay d6i PRMEmph khong lién quan dang ké dén suy giam chtic niang phéi & nhom nay.

6. Tiém ndng teng dung lam sing
Duya trén cac bang chimng hién tai, PRM c6 tiém ning tmg dung 1am sang trong cac linh vuc

Sau:

Chién dodn sém: Phat hién fSAD ¢ bénh nhan GOLD 0 trudc khi ho hap ky biéu hién bat

thudng, cho phép can thiép sém khi ton thuong con c6 kha nang hoi phuc.

Phén loai kiéu hinh: Phan biét kiéu hinh vu thé bénh duong thé nhé va kiéu hinh uu thé

khi phé thiing, hd trg quyét dinh diéu tri theo c4 thé hoa.



Theo déi tién trién: Panh gia sy chuyén ddi voxel tir Normal (binh thudong)— fSAD (bénh
duong thd nho chirc ning) — Emphysema (khi phé thiing) theo thoi gian, cung cip thong

tin chi ti€t vé tién trién bénh.

Panh gia dap vmg diéu tri: Sy giam PRMisap (két qua biéu hién trén phdn mém phan tich
chuyén ddi tir vang sang xanh) c6 thé phan anh dap tng diéu tri va kha ning hdi phuc cia

phéi.

Pompe va cong su da chirng minh PRM c6 twong quan tdt véi cac théng sb 1am sang va chirc
nang ho hép, bao gé)m FEV1% du doan, Kco, chi s6 BODE, tan sut dot cép va s6 dot diéu
tri corticoid/ khang sinh [13].

7. Han ché va hwong phat trién

Maic du ¢6 nhiéu tiém nang, PRM van con mdt so han ché can dugc khac phuc:

Han ché ky thuat: PRM yéu cau hai ban quét CT (hit vao va thd ra) voi quy trinh co-
registration phirc tap. K¥ thuat nay nhay cam vé&i chuyén dong ho hap va hién chua c6

ngudng (cut-off) t6i wu dugc dong thuan qudc té.

Han ché 1am sang: PRM chua dugc dua vao huéng din GOLD, chua duogc cip phép trong
thuc hanh 1am sang, doi hoi dao tao chuyén biét, can phﬁn mém phan tich CT dinh lugng

chuyén dung va thiéu gia trj tham chiéu cho quan thé bénh nhan COPD tai Viét Nam.

Huéng phat trién: Tich hop tri tué nhan tao (AI) va hoc may (machine learning) dé tu dong
hoa phan tich, két hop vai cac dau an sinh hoc khéc, phat trién phin mém ngudén md, va thuc

hién cac nghién ctru da trung tdm quy mo lon.

KET LUAN

PRM I d4u an sinh hoc CT ddc déo, c6 kha ning phan biét bénh duong thd nhé chirc ning
va khi phé thiing - diéu ma céac k¥ thuat CT truyén thong khong thé thyuc hién. fSAD duoc
xac dinh 14 tién than cua khi phé thiing, dong gop 87% vao suy giam FEV| & COPD nhe-
trung binh. PRM ¢6 tiém ning ting dung 16n trong chan doan sém, phan loai kiéu hinh, theo
ddi tién trién va danh gia dap tng diéu tri COPD, hudng t&i y hoc c4 nhan hoa. Can thém

cac nghién ctru quy mé 16n va xiy dung gia tri tham chiéu cho quan thé Viét Nam.
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