HOI PIEN QUANG HOI NGHI KHOA HOC THUGNG NIEN LAN THU 27

VAY HOC HAT NHAN VIET NAM THE 27 VIETNAMESE CONGRESS OF RADIOLOGY AND NUCLEAR MEDICINE

KY NGUYEN M&1 CUA HINH ANH HOC PUO'NG DAI:
Sw Tréi Ddy Cua CT- ECV Trong Pdnh Gid Pdc Tinh Mé Co Tim

(The New Era Of Contemporary Imaging:
The Rise of CT-ECV in the Evaluation of Myocardial Tissue Characterization)

- e BS CKII Nguyén Xudn Trinh, BS Phan Thanh Hai, PGS.TS. BS. Nguyén Tudn Vi - 4
: :‘.%1~ ‘-'-a ' r-g__,,}_ t;‘ . A : i




A MO DAU

 Xo hda co tim la nhirng thay d6i md hoc cudi cung thudng gap cla
nhiéu bénh ly tim mach
e Sinh thiét co tim: Tiéu chuan vang dé dinh lvgng xo hda co tim, tuy

nhién cé nhirng han ché: xam lan vdi cac rai ro tha tuc von cé va kha

nang xay ra 16i [y mau vi chi cé thé danh gid mot phan nho co tim .

Cundari et al. Insights into Imaging (2023) 14:156.
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A MO DAU

Do dé, dinh lwgng ECV co tim khéng xam |an ngay cang dwgc quan tdm trong thap ky qua.

ECV danh gia toan bd vé xo hda co tim-dai dién cho mot thudc do dinh lwgng khéng xam

1an d€ duy doan nguy co va tién lvgng & nhirtng bénh nhan mac cac bénh tim khac nhau

MRI-ECV c6 thé dugc xem nhu mét tiéu chuan da duwoc thiét 1ap

Gan day,CT-ECV d3 phat trién nhu mdt phuwong phap thay thé manh mé va dang tin cy.

Cundari et al. Insights into Imaging (2023) 14:156.
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A CT-ECV (CT-derived Extracellular Volume)

» CT-ECV dang |a mot trong nhirng “future imaging biomarker” hap dan nhat
cua CT tim hién dai.

e Trwdc day CTA chd yéu tra loi: “Hep bao nhiéu %?”

» Con bay gio CT tim dang tién tdi tra loi:
e Co tim co fibrosis khong? Remodeling mirc nao?
* Vituan hoan ra sao? Co infiltrative disease khong?
* Nguy co suy tim twong lai? Tién lwgng nhap vién/tlr vong?

* DS 13 ly do thé gidi dang chuyén ti:
“Lumen imaging” - sang “Tissue characterization”
“One-stop-shop cardiac imaging”
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7,3

SINH LY BENH CUA XO HOA CO' TIM

Ton thwong co tim man tinh 2 Xo hda co’ tim=> gidn rong
khoang ngoai bao~> tang ECV> Ngam thudc can quang (16t)
cham, phan bé nhiéu hon va thai trir chdm hon co’ tim binh
thuong
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Ky thuat tao anh CT-ECV

Patient preparation Post processing

’

“WCinsertionand | [ ‘ p ‘

Myocardial segmentation ROI placement on iodine | ECV polar map
maps
| Hematocritmeasurement

HR lowering (or synthetic ECV)

‘ ECG lead
medication

placement

ROI placement on pre-
and post-contrast

Optimal image acquisition 2 imaging )
Coronary 3 m
angiography

d: | Contrast equilibration (5-7 minutes)
Contrast -
administration contrast scan

Single energy CT (SECT) acquisition

Sarang Paleri et al. Computed Tomography Derived Extracellular Volume (CT-ECV): Assessment, Protocols and Utility. Current Cardiovascular Imaging Reports (2025) 18:8
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Cong thuc CT-ECV

ECVcr = (1 - Hematocrit) x (AHU ;,o/AHU004)
AHU: HUDOst-oontrasl = HUpre-conlrasl

Image Post Processing

Single Energy CT Formula

ECV. Myocardial HUjos.conteast - Myocardial HUnon-contras i
o -Haematocrit
o Blood HUPL\;l-cunlmal' Blood HU on-conirust it ( aemarocri )

Dual Energy CT Formula

A Myocardial iodine
ECVer- " A Blood iodine X (1-Haematocrir)

/ o : =L
Polar map of the left ventricle showing proportion of
Lateral wall: myocardial tissue that is extracellular
88 HU s s i S |
- -

Pre-Contrast Post-Contrast

Rahul G. Muthalaly et al. The International Journal of Cardiovascular Imaging (2024) 40:2237-2245
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A Gia tri tién lwong cua CT-ECV

chinh la kha nang dw bao:

* T vong tim mach

* Nhap vién suy tim

« Tai cau trac that trai

« Loan nhjp that

« Tién trién xo hda co tim
« Pap (rng diéu tri
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A Vi sao CT-ECV co gia tri tien lwong?

Vi ECV phan anh trwec tiép:
« Gian khoang ngoai bao

« Xor héa mé ké lan téa

« Lang dong amyloid

* Remodeling co’ tim

« Trong nhiéu bénh tim mach, mirc d6 xo héa lan téa
lién quan manh vé&i tién lwong xau honn.
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Mean CT-ECV in Healthy Participants

Study Year N Mean ECV SD Mean Weight

Hammer 2021 19 2160 56 —— 7.8%

Yamasaki 2021 8 2430 36 —— 7.8%

Abadia 2020 10 2540 44 —i— 7.6%

Kurita 2016 38 26.10 2.0 g 9.0%

Lee 2016 7 2630 09 s 9.0%

Qi 2022 80 2680 28 = 9.0%

. _ \ x . _900 Hamdy 2018 17 2710 21 . 3 8.9%
CT-ECV binh thuang' 25-29% Scully 2020 20 2800 20 L ] 8.9%
Ohta 2017 20 2920 26 s 3 8.8%

Nacif 2012 11 2930 27 — 8.5%

Nacif 2013 9 33.00 20 : B 8.7%

van Assen 2019 9 3510 6.8 —B— 6.0%

Random effects model 248 27.6% 95CI 25.7 to 29.4 -.' 100.0%
| T |

20 25 30 35
Myocardial ECV Percentage

Heterogeneity: 2= 93%, p <0.01

Fig. 3 Forest Plot of Estimates of ECV Fraction in Healthy Individuals 35.1%. At least some of this difference is likely due to differences in
from a Range of Studies. Forest plot demonstrating CT determined CT-ECV protocols from factors such as delay time, post-processing
extracellular volume fractions in healthy individuals across a range of methods, dual-energy versus single-energy CT and region of interest
studies. As can be seen, the 12 value is 93% suggesting high hetero- measured

geneity. Estimates in these studies span a large range from 21.6% to

Sarang Paleri et al. Current Cardiovascular Imaging Reports (2025) 18:8
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A CT-ECV vs CMR-ECV

Phan tich gop 13 ng/ ctru, 383 bénh nhan

THE RISING STAR
IN CARDIO- ONCOLOGY

* Twong quan tuyét véi gitra CT- ECV va CMR- ECV:

Hé so twong quan gop: R = 0,90

DECT- ECV twong quan véi CMR-ECV tot hon so v&i SECT-

R = 0.94 ( CT phé).

Han D, et al. ] Am Coll Cardiol Img. 2023;16(10):1306-1317.
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A CT-LIE vs CMR-

LGE

 Sw phu hop gilra CT-LIE va MRI-LGE:

« 100% dé xac dinh bénh co tim thiéu mau cuc bd

« 90% d0i v&i bénh co tim khéng thiéu mau cuc bé.

OGUNI T et al. Circulation Journal doi: 10.1253/circj.CJ-25-0599
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CT-LIE vs CMR-

OGUNI T et al. Circulation Journal doi: 10.1253/circj.CJ-25-0599
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A PO CHINH XAC CUA CT-
LIE

Phan tich gop 14 ng/ ctru, 526 bénh nhan,

« O M&rc do bénh nhan , CT-LIE : Sen 96%, spec
95%

CT-LIE cé thé thay thé cho MRI tim

Gatti, M., De Filippo, O., Cura Cura, G. et al. Eur Radiol 35, 3054-3067
(2025).
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A CT-ECV Trong Bénh co’ tim phi dai (HCM)

« ECV tang phan anh:

* Fibrosis lan toa

« Nguy co loan nhip that
* Nguy co dot tir tim

« Twong tv MRI-LGE nhwng CT-ECV danh gia tot fibrosis lan téa hon.

Hypertrophic Cardiomyopathy: CT-ECV= 29.8-32.55%

Kato et al. ] Am Coll Cardiol Img. 2024;17(5):516—528.
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CT-ECV Trong Bénh co’ tim phi dai (HCM)

58M, Mau Mét khi gang strc, t/d BCTPD/ Siéu m tim, tdng men tim

Hep 50% LAD | va RCA | va Bénh co tim phi dai/ CT
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A CT-ECV Trong Bénh co tim phi dai (HCM)

58M, Mau Mét khi gang strc, t/d BCTPD/ Siéu am tim, tang men tim

e CT- ECV=( 1-0.43)( 70- 51)/ (81-46)= 30.9%

HOI NGH] KHOA HOC THUGNG NIEN LAN THU 27 \ THE 27* VIETNAMESE CONGRESS OF RADIOLOGY AND NUCLEAR MEDICINE | SANAxe %\ / Sﬂ m 27




A MRITIM- BENH CO TIM PHI DA

58M, Mau Mét khi gang strc, t/d BCTPD/ Siéu 4m tim, tdng men tim
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MRI- ECV = 30%, seo xo hoa chiém 3% tong khéi lwong co’ that trai
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A CT-ECV Trong Bénh co’ tim phi dai (HCM)

MEDIC

During the follow-up periods, patients with LV-ECV > 37.6% (n = 30) experienced
significantly more MACE than those with LV-ECV < 37.6% (p < 0.001) (Figure 4).

CT-ECV: prognostic indicator in HCM and

ECV < 37.6%
(n=71)

helped predict MACE in HCM and risk

ECV 2 37.6%
(n=30)

stratification tool, particularly for patients
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T T
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ECV<376 71 39 24
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ECV>376 30 15 8 2

Figure 4. Kaplan-Meier curve of event-free survival. A significantly higher rate of major adverse cardiac
events was observed in patients with left ventricular extracellular volume fraction (LV-ECV) > 37.6%
(1 = 30) compared to patients with LV-ECV < 37.6% throughout the follow-up periods (p < 0.001).

Shuhei Aoki et al. J. Cardiovasc. Dev. Dis. 2025, 12, 372

HOI NGH] KHOA HOC THUGNG NIEN LAN THU 27 | THE 27* VIETNAMESE CONGRESS OF RADIOLOGY AND NUCLEAR MEDICINE | SANANe %\ :',‘7 SR m 27




CT-ECV Trong Suy tim

69M, NMCT CU, SUY TIM EF = 42%,

»
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CT-ECV Trong Suy tim

69M, NMCT CU, SUY TIM EF=42%

EK BK HEA Hﬁa H!b“; PK DK HOA HAO - MEDIC

Agesy years CA
Cardiac 1 SEGMENT 584ms 0.94s Cardiac 0.5 CE

HOINGH| KHOA HOC THUGNG NIEN LAN THU 27 | THE 27 VIETNAMESE CONGRESS OF RADIOLOGY AND NUCLEAR MEDICINE | SANANe % :’,'7 SE m 27




7,3

CT-ECV trong Bénh co’ tim thiéu mau cuc bd

* Panh gia scar va diffuse fibrosis

* ICM thuong co ECV 30—-38%

* \Vung infarct scar c6 thé : > 40-60%

* Lién quan tién lvgng suy tim va remodeling

Heart failure: CT-ECV= 31.3- 40.8%

Kato et al. J Am Coll Cardiol Img. 2024;17(5):516-528. Bandula et al. Radiology 2013; Han et al. JACC CV Imaging 2023; SCCT Consensus 2024
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CT-ECV Trong Suy tim

Trong suy tim HFpEF (Xo héa lan toa):
MRI LGE thwdng am tinh nhwng CT-ECV lai tang dang ké.

ECV
M Tertile 1

CT- ECV : yéu td nguy co ddc |ap cho cac bién cod tim
mach nang va ti vong trong HFpEF

F
g
B
=
&

According to the tertiles of ECV, patients were divided into
tertile 1 ( ECV=20.47-27.30%),

tertile 2 (ECV=27.31-30.83%)

tertile 3 (ECV=30.84-37.0%).

Follow up period(months)

Ying Jiang et al. Scientific Reports | (2024) 14:7504
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CT-ECV Trong bénh co’ tim tham nhiém Amyloidosis
AmY|0idOSiS: CT-ECV= 34-56% (The New Gold Standard? )

CT-ECV: Excellent diagnostic performance for cardiac amyloidosis ( AUC=0.92)
- non-invasive tool for detecting Cardiac Amyloidosis

CT-ECV Cut-off = 40% : sensitivity 92% and specificity 88%.

CT-ECV showed strong correlation with CMR-derived ECV (r=0.78, p<0.001).

ECV Comparison

- p<0.001
42+8.1% :

v
25+6.2%

1

CT-derived ECV (%)

Cardiac Amyloidosis Controls

(n=32) (n=13)

https://doi.org/10.1016/].jcct.2026.05.068 Ramzi Ibrahim et al. Utility of Cardiac CT for Cardiomyopathy Phenotyping. Tomography 2025, 11, 39
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CT-ECV Trong Hep van Pong mach chu

Aortic stenosis: CT-ECV= 28-40.9%

CT-ECV=39.7%

Suy tim nang sau lam TAVI

Hiroyuki Takaoka et al. Tomography 2025, 11, 62
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CT-ECV - Hep Van Dong Mach Chu + Amyloidosis

- Severe Aortic stenosis &
ECVrin controls, Controls Aortic stenosis amyloidosis

AS and AS-ATTR

Cardiac
Amyloidosis

Aortic
Stenosis

26.1 (25.0-27.8)% 29.1 (27.5-31.1)% 37.4 (32.5-46.6)%

Kush P. Patel et al. Circulation: Cardiovascular Imaging.

HOI NGH] KHOA HOC THUGNG NIEN LAN THU 27 | THE 27* VIETNAMESE CONGRESS OF RADIOLOGY AND NUCLEAR MEDICINE | SANANe % :7 Sﬁ M 27




CT-ECV Trong Viém co’ tim

Myocarditis: CT-ECV=30-40.1%

PC-CT-ECV strongly correlated with LGE (r = 0.82)
An PC-CT-ECV threshold of 26.9 % yielded an

AUC of 0.95 for the diagnosis of myocarditis.

Kato et al. J Am Coll Cardiol Img. 2024;17(5):516-528.

Christos Gkizas et al. Photon-counting CT-derived extracellular volume in acute myocarditis: Comparison with cardiac MRI. Diagnostic and Interventional Imaging 106 (2025) 255-263
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CT-ECV Trong Viém co’ tim

27M, hs troponins= 8000 ng/L at admission.
A late phase DECT was performed at admission.

CT-ECV = 35.1%.

MRI showed multiple late gadolinium
enhancement of the sub-epicardial myocardial

wall in favor of myocarditis.

Salim Aymeric Si-Mohamed et al. J. Clin. Med. 2021, 10, 3286
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A Evidence: CT-ECV in Cardio-

Oncology
Bang Chuwng:

* N=1.151

bénh nhan ung thw vu
Trwdc hoda tri

Trong héa trj (2 thang)
Trong héda trj (6 thang)

Sau hoa tri (~*1 nam)

CT-ECV

26.8%

31.3%

29.6%

32.1%

CT-ECV & Thang thir 2

CT-ECV tang rat s&'m ngay sau khi bat dau
anthracycline.

LVEF gan nhu chwa thay déi & giai doan sém.

Bénh nhan xuat hién CTRCD c6 ECV tang nhiéu hon

veé cac thoi diém sau

HOINGH| KHOA HOC THUGNG NIEN LAN THU 27 | THE 27* VIETNAMESE CONGRESS OF RADIOLQGY ANRAHGHEAR MEDIGINE | pg;,gg';gmngjg&zmﬁﬁ 27




Evidence: CT-ECV in Cardio-

Oncology
Bang Chuwng:

. i - =] 9 - . = = 7
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Evidence: CT-ECV in Cardio-

Oncology
Bang Chuwng:

Nghién ctru Spectral CT (2025), Gu Y, et al. Mgl

(ﬁewlinc: mid-average ECV 25.3%
N=40 bénh nhan.

ECV tang: 25.4% - 28.3%

LVEF siéu &m tim khéng thay doi

T1: Equilibrium Phase §
Overlay ECV map

CT-ECV & Thang thor 3

CT-ECV phat hién ton thwong md co’ tim trwéc

hi chirc nang co bop that trai giam.
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TUONG LAI CUA CT-ECV

Utilities and applicability of CT-derived extracellular volume fraction (CT-ECV)

“Et

Cardiac amyloidosis Prognostication of
detection patients undergoing
AVR for AS

EMERGING
APPLICATIONS

Diagnosis of non- Cancer therapy related ~ Myocardial viability
ischaemic cardiomyopathy cardiac dysfunction and scar burden

FUTURE
POTENTIAL
USES

Acute chest pain syndromes and
integration into routine workflows

Sarang Paleri et al. Computed Tomography Derived Extracellular Volume (CT-ECV): Assessment, Protocols and Utility. Current Cardiovascular Imaging Reports (2025) 18:8
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Vi sao goi “SU’ TROI DAY” CUA CT- ECV TRONG DANH GIA BDAC TiINH MO CO TIM

1. CT-ECV twong quan rat cao véi MRI-ECV: r=0.90 var =0.94 (CT phd) = CT phé Tiém cin véi MRI
2. Gia trj |am sang ngay cang mé& rong

3. Céng nghé thac day CT-ECV: Spectral CT ,Photon-counting CT, Al-assisted post-processing
— Giup dinh lwvgng ECV chinh xac hon va tich hgp vao quy trinh CT tim hién dai.

4. SO lwong nghién ciru tang rat nhanh
5. Thong diép:

CT-ECV dang néi Ién nhw mdt dau an sinh hoc hinh anh manh mé cho viéc danh gia dic
tinh moé co’ tim khéng xam lan.
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A Piem rat quan trong

« CT-ECV khong chi la “hinh anh”.

* Ma la biomarker hinh anh hoc (imaging biomarker).
* Tere la:

» CT bat dau chuyeén tir “ hinh thai”

sang “dinh lwo'ng sinh hoc mo”.
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A Xu hwong moi

Cac xu hwdng hién nay:

» Spectral CT

* Photon-counting CT

Al ty dGng contour myocardium

* Dynamic ECV mapping
* CT-ECV tr& nén:
* Nhanh hon
* It nhiéu hon
« Co thé tai tao nhiéu hon
« C6 tiém nang &ng dung tién lwong thuwong quy
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A Két LUAN CT-ECV
MEDIC
Danh gia dac tinh mé co tim vt ra ngoai danh gia hep
Cé tiém nang tré thanh biomarker hinh &nh quan trong
Phan dnh xo héa lan toa va tai cau trdc co tim
Yéu to tién lvong doc 1ap nhiéu bénh ly gay suy tim
Gilp phan tang nguy co, theo ddi tién trién va dap rng diéu tri
CT-ECV mé rong vai tro cua CT tim: tir danh gia hep sang danh gia sinh hoc mo co’ tim.
> Nén tang cho “sinh thiét khéng xam lan”

"CT-ECV dang phat trién tir moét cong cu md ta dic tinh mé thanh mét dau an
sinh hoc tién lwong trong tim mach.”

“One-stop-shop cardiac imaging”
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Xin Cam On

THAY RO HON ¢ BDINH LUONG SAUHON e HIEU BENH SOM HON

Biology becomes visible.
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