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ANH HUONG CUA THUOC CAN QUANG TINH MACH TREN CT
MO PHONG PEN TiNH TOAN LIEU XA TRI VMAT-DIBH TIEN
PHAU UNG THU THUC QUAN

Tran Ba Bach*, Nguyén Pinh Long, Doan Trung Hiép,
Dwong Van Nghia, Lé Birc Anh

TOM TAT

Pit van dé: Xa tri VMAT-DIBH tién phiu ung thu thuc quan yéu cau do chinh xac cao trong xac
dinh thé tich diéu tri (PTV) va cac co quan nguy co (OARs) nhu tim (Heart). Viéc str dung thudc can
quang tinh mach trén CT m6 phong (CCT) gitip cai thién d§ twong phan hinh anh, hd trg qua trinh con-
tour. Tuy nhién, sy gia tang ty trong the hién qua don vi Hounsfield Units (HU) trén anh CT mo phong
do thude can quang co thé gdy ra sai sO trong tinh toan liéu xa tri. Nghién ctru ndy nham dénh gia dinh
luong sai s6 tinh liéu do thube can quang va hi€u qua cua viéc hi€u chinh ty trong trong 1ap ké hoach
xa tri VMAT-DIBH tién phau ung thu thuc quan.

Poi twong va phwong phap: Nghién ctru hdi ciru trén 15 bénh nhan ung thu thuc quan tién phau.
M&i bénh nhéan ¢6 ba chudi CT mé phong: DIBH khong tiém thude can quang (NCCT), DIBH c¢6 tiém
thudc can quang (CCT), va thd tu do ¢6 nudt dung dich thude can quang (FBCT). Véi mbi bénh nhén,
4 ké hoach xa trj duoc lap va tinh lidu trén hé théng Eclipse v13.0, st dung thuat toan Acuros XB: ké
hoach tham chiéu NCCT trén chudi anh NCCT, ké hoach CCT trén chudi anh CCT, ké hoach CCT_
HUO trén chudi anh CCT_HUO (HU cua vung ngém thuc duge gan bang 0), va ké hoach CCT_HU
trén chudi anh CCT HU (HU cua viing ngém thude duoc gan bang HU trung binh trong ving nay cua
chudi NCCT). Céc thong s lidu cua PTV va Heart dugc so sanh bang phép kiém dinh thong ké cap
d6i Wilcoxon.

Két qua: Gia tri HU trung binh cta ving ngadm thudc can quang (zContrastAgent) trén CCT 1a
295 + 60 HU, cao hon dang ké so véi 130 = 17 HU trén NCCT. Ké hoach CCT cho thay sy thay doi
lidu dang ké so véi ké hoach tham chiéu NCCT, dic biét trén cac thé tich ngdm thudc (zCA PTV va
zCA_Heart). Cu thé, sai s6 liéu trung binh D trén zCA_PTV 14 -0,65% (cao nhat 1én t6i -1 42%)
va trén zCA_Heart 13 -0,42% (cao nhat 1én t6i -1 ,94%). Viéc hi€u chinh ty trong bang cach gan HU A
gia tri ban dau (ké hoach CCT _HU) da gitp giam thiéu sai s6 liéu mot cach hiéu qua, dua cac thong sO
lidu tré vé& gan twong duong véi ké hoach tham chiéu NCCT hon 1a so v6i phuong phap gan HU bang
0 (CCT_HUO), phuong phép nay lam ting liu trén cé hai thé tich ngdm thudc.
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Két luan: Sy hién dién cta thudc can quang tinh mach gy ra sai s6 lidu dang ké trén céc thé tich
ngérn thude, dic biét 1a cac cAu triic mach mau va mé tim. Viéc hiéu chinh ty trong la can thiét dé dam
bao d6 chinh xéac cua ké hoach xa tri. Ky thut hiéu chinh bang cach gan lai HU vé gia tri ban dau cia
chudi NCCT cho thay hiéu qua vuot trdi trong viéc giam sai s6 so v6i phuwong phap gan HU bang 0.
Nghién ctru khuyén nghi sir dung chudi CT ¢6 thudc can quang dé contour chinh xéac, nhung can ¢
quy trinh hiéu chinh ty trong nghiém ngat trude khi tinh toan lidu.

Twr khéa: Xa tri ung thu thyc quan, VMAT-DIBH, thude can quang, dosimetry, Acuros XB, hi¢u
chinh ty trong.

DOSIMETRIC IMPACT OF CONTRAST-ENHANCED CT ON
VMAT-DIBH TREATMENT PLANNING FOR PREOPERATIVE
ESOPHAGEAL CANCER

ABSTRACT

Background: Pre-operative VMAT-DIBH radiotherapy for esophageal cancer requires high
accuracy in defining the planning target volume (PTV) and organs at risk (OARs) such as the heart.
The use of intravenous contrast agents on simulation CT (CCT) helps improve image contrast, thereby
supporting the contouring process. However, the increase in tissue density, represented by Hounsfield
Units (HU) on the simulation CT images due to the contrast agent, can introduce errors in dose
calculation. This study aimed to quantitatively evaluate the dosimetric error caused by the contrast
agent and the effectiveness of density correction methods in pre-operative VMAT-DIBH radiotherapy
planning for esophageal cancer.

Materials and Methods: This was aretrospective study on 15 patients with pre-operative esophageal
cancer. Each patient had three simulation CT scans: DIBH non-contrast (NCCT), DIBH contrast-
enhanced (CCT), and free-breathing with oral contrast (FBCT). For each patient, four radiotherapy
plans were created and dose-calculated on the Eclipse v13.0 system using the Acuros XB algorithm: a
reference NCCT plan on the NCCT image series, a CCT plan on the CCT image series, a CCT_HUO
plan on the CCT _HUO image series (where the HU of the contrast-enhanced region was set to 0), and
a CCT_HU plan on the CCT_HU image series (where the HU of the contrast-enhanced region was set
to the mean HU of this region from the NCCT series). Dosimetric parameters for the PTV and Heart
were compared using a paired Wilcoxon statistical test.

Results: The mean HU value of the contrast-enhanced region (zContrastAgent) on CCT was 295
+ 60 HU, which was significantly higher than the 130 = 17 HU on NCCT. The CCT plan showed
significant dose changes compared to the reference NCCT plan, especially in the contrast-enhanced
volumes (zCA_PTV and zCA Heart). Specifically, the mean dose error (Dmean) for zCA PTV was
-0.65% (with errors reaching as low as -1.42%) and for zCA Heart was -0.42% (with errors reaching
as low as -1.94%). Density correction by assigning the original HU value (the CCT_HU plan) effec-
tively minimized the dosimetric errors, bringing the dose parameters closer to the NCCT reference
plan compared to the method of assigning HU to 0 (the CCT_HUO plan), which increased the dose in
both contrast-enhanced volumes.
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Conclusion: The presence of intravenous contrast agent causes significant dosimetric errors in the
contrast-enhanced volumes, particularly in blood vessels and heart tissue. Density correction is essen-
tial to ensure the accuracy of radiotherapy planning. The correction technique of reassigning HU to
the original value from the NCCT series showed superior effectiveness in reducing errors compared
to the method of assigning HU to 0. The study recommends using contrast-enhanced CT for accurate
contouring, but a rigorous density correction protocol is needed before dose calculation.

Keywords: Esophageal cancer radiotherapy, VMAT-DIBH, contrast agent, dosimetry, Acuros XB,

density correction.

1. DAT VAN BPE

Ung thu thuc quan la mdt trong nhitng bénh
ung thu phd blen va gay tor vong cao trén toan
the glcn [1] Pbi voi cac truong hop ung thu thye
quan giai doan tién trién tai vung, hoa xa tri tlen
phau dugc coi 1a mot phuong thirc diéu tri chuan
myc [1]. Viéc ap dung céc ky thudt xa tri hi¢n
dai nhu xa tri diéu bién thé tich theo cung xoay
(VMAT) két hop véi k¥ thuat kiém soat nhip tho
cudi thi hit vao (DIBH) da mang lai nhiéu lgi ich
vuot troi. Cac ky thuat nay khong chi giup tap
trung lidu cao vao thé tich muc tiéu (PTV) ma
con t6i uu héa viéc bao vé cc co quan nguy co
(OARs) quan trong trong long nguc nhu tim, ph01
va tity song, gbp phan giam thiéu doc tinh mudn
cho bénh nhan [1].

Dé 1ap ké hoach xa tri, viéc chup CT m6 phong
1a mot bude khong thé thleu cung cap thong tin
hinh thai va ty trong mo chi tiét cho hé thong 1ap
ké hoach xa tri (TPS) [2] Tuy nhién, viéc xac
dinh chinh xdc ranh gidi cua khoi u va cac hach di
can trong Vung trung that dac biét la cac cu tric
mach mau va cdc hach canh thye quan, thuong
gap nhiéu kho khan trén CT khong tiém thuoc can
quang (NCCT) do d9 twong phan thap Pé khic
phuc han ché nay, viéc sir dung thudc can quang
tinh mach (CCT) 1a mdt thyc hanh 1am sang pho
bién nham ting cuong do tuong phan giup cac
bac si contour cac thé tich diéu tri va co quan lanh
mot cach chinh xac hon [2].

Thé nhung, viéc tiém thudc can quang chira
iodine gay ra mot sy thay doi 1on vé ty trong mo,
dugc biéu hién thong qua su ting dot ngdt cua gia
tri Hounsfield Unit (HU) trong céc cau triic ngam
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thudc [2]. Diéu nay dit ra mot thach thuc lon vé
vat Iy y hoc, bai 18 cac thuat toan tinh toan lidu xa
tri hi¢n dai nhu Acuros XB (AXB) hoat dong dua
trén viéc chuyen doi chinh xéac gia tri HU thanh
mit do dién tir cia mo dé mo phong tuong tac cua
tia xa voi vat chat [3]. Do do, sy gia tang HU gay
ra boi thuoc can quang c6 thé dan den sai s trong
tinh toan heu anh huong tryc tiép dén do chinh
xac ctia ké hoach xa tri.

Di c6 nhidu nghién clru trén thé gi¢i danh gia
anh huong cua thudc can quang den tinh toan
heu nhung két qua Van con nhiéu diém chua
thong nhét [2]. Mot so nghién ctru trén cac bénh
nhan ung thu dau va co cho thay su khac biét liéu
khong dang ké khi stir dung thuat toan AXB (sai
s0 < 0,31%), do anh hudng cua thuoc can quang
cha yéu dién ra cuc bo trong mot thé tich nho [5].
Nguorc lai, mot sO nghlen ctru khéc lai bdo cdo sai
s6 licu dang ké & ving thuc quan nguc dudi [2].
Su khac biét nay cho thay anh huong ctia thude
can quang phu thudc vao nhiéu y€u to: vi tri giai
phau (vung nguc c6 do khong dong nhat cao hon
dau ¢0), ky thuat xa tri va ddc bi¢t la thuat toan
tinh liéu [2]. M6t mau thuin 1am sang quan trong
dugc datra la: Ligu lgi ich cua viée contour chinh
xac trén CCT ¢6 du lon dé bu dip cho sai so lidu
do thubc can quang giy ra, hay ching ta cin phai
thue hién viéc hi¢u chinh ty trong?

Hién nay, cac ké hoach diéu tri van thuong
duoc tinh toan trén chudi CT khong tiém thuoc
can quang (NCCT), mdc du cac thé tich diéu trj
lai dugc contour dua trén su két hop hinh anh
tir CCT. Piéu nay tiém an nguy co sai sot do sy
khong nhat quan giita hinh thai giai phau va thong
tin ty trong. Do do, mot phan tich dinh luong vé
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mirc do sai sd tinh lidu do thudc can quang va
danh gia vai tro cua viéc hiéu chinh ty trong la
vO cung can thiét dé toi uu hoa quy trinh lap ké
hoach xa tri.

Nghién ctru nay dugc thuc hién nham hai muc
tiéu chinh:

- Danh gié anh huong cta sy thay doi t}"/ trong
do thudc can quang tinh mach trén CT m6 phong

dén tinh toan li¢u xa tri VMAT-DIBH tién phiu
ung thu thuc quan.

- banh gla vai tr0 cua vigc hi¢u chinh ty trong
dén viéc glam sai s6 tinh lidu khi st dung chuoi
anh CT mo phong co tiém thude can quang.

2. POl TUONG VA PHUONG PHAP
NGHIEN cUrU

2.1. Thiét ké nghién ctru

Nghién ctru duoc thiét ké theo phuong phap hoi
ctru, mo phong tinh toan liéu dira trén dir li€u cua
15 bénh nhéan ung thu thue quan tién phau da dugc
xa tri tai Khoa Xa tri tir nam 2019 dén nam 2024.
Bénh nhan duoc lya chon ngau nhién tir co s¢ dir
liéu bénh 4n da dugc phé duyét didu trj 1am sang.

2.2. Dic diém dbi twong nghién ctru

DPéi tuong nghién ctru 1a 15 bénh nhén ung thu
thuc quan co chi dinh xa tri tién phau. Dic diém
cua cac bénh nhan dugc téng horp tu dir licu 1am
sang va thé tich cac cdu tric giai phau di duoc
contour trén CT mo phong.

Bang 1. P&c diém dbi tuong va thé tich cac
céu trac gidi phdu (n=15)

Gia tri trung binh
+SD

60,33 + 8,40
679,86 + 210,12
542,71 + 119,55

96,82 + 31,97
286,92 + 96,15

Théng s6

Tudi (n&m)

Thé tich PTV (cmd)

Thé tich Heart (cmd)

Thé tich zCA_PTV (cmd)
Thé tich zCA_Heart (cm?)

Ghi chi: zCA PTV la thé tich giao ctia PTV
va ving ngim thudc can quang. zCA_ Heart 1a
thé tich giao cia Heart va ving ngdm thudc can
quang.

2.3. Quy trinh chup va lap ké hoach

TAt ca 15 bénh nhan déu dugc chup ba chudi
CT mo6 phong trén may GE Optima 580 va hé
thng quan 1y nhip thé Varian RPM: chudi CT mo
phong nhin thd cudi thi hit vao khong tiém thudce
can quang (NCCT), chudi CT mo phong nhin thé
cudi thi hit vao co tiém thudc can quang (CCT),
va chudi CT mé phong thé ty do c6 nudt dung
dich thudc can quang (FBCT). Cac chudi anh CT
nay cung voi cac dir liéu lam sang khac (PET/
CT, MRI) dugc fusion/registration dé cac bac si
xa tri ung budu contour chinh xac cac thé tich
diéu tri (GTV, CTV, PTV) va cac co quan nguy
co (OARs) [2]. Chi dinh liéu Xa tri tién phau la
41,4 Gy trong 23 phan lidu, mdi phan liéu 1,8 Gy.
Mot s tiéu chuan chap nhan ké hoach chinh dugc
dat ra:

D... >95% liéu ké cho PTV va Ve < 35%

cho Igil/ol_ (Lungs), D__ <26 Gy cho T1m [5].

K& hoach xa trj 1am sang dugc lap trén chudi
anh NCCT da duoc phé duyét va diéu trj cho bénh
nhan trén may xa tri Vaarrian Clinac iX. Vi¢c tinh
toan liéu duoc thuc hién bﬁng thuat toan Acuros
XB (AXB) trén hé thong 1ap ké hoach Eclipse
v13.0 (Varian) [3]. Thudt todn AXB, mot thuat
toan dwa trén phuong trinh Boltzmann, duoc biét
dén 1a thuat toan c6 do chinh xac cao trong cac
mai trudng khong ddng nhat va khi co vat lidu co
ty trong cao nhu xuong hodc thudc can quang, so
véi céc thuat toan dua trén mo hinh tuong phan
nhu AAA [3].

ean —

2.4. Lap cac ké hoach nghién ctru mé phéng

V&i mdi b@nh nhan, 4 ké hoach xa tri dugc lap
va tinh lai li€u trén hé thong Eclipse v13.0, st
dung thuat toan Acuros XB: Ké hoach tham chiéu
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NCCT trén chudi NCCT, ké hoach CCT trén chudi
CCT, ké hoach CCT_HUO trén chudi CCT _HUO
(HU cua ving ngdm thudc dugc gan bang 0) va
ké hoach CCT_HU trén chudi CCT _HU (HU cua
ving ngam thudc dwoc gan bang HU trung binh
trong ving nay cua chudi NCCT).

Tinh lai liéu ké hoach

Tat ca cac thong sd tinh liéu va thuat toan
Acuros XB dugc giir nguyén so voi ké hoach gbc
ban dau cho ca bon ké hoach dé dam bao tinh nhét
quan cua nghién ctru.

CCT_HU Plan

Hinh 1: So' d6 minh hoa quy trinh I4p ké hoach nghién ctru.

2.5. Thu thap va phan tich sé liéu

Céc thong sb liéu sau duoc thu thap cho mdi
bénh nhan va moi ké hoach:

- Déi v6i PTV: Cac chi s6 bao phu va dong
nhét héu Dneannax (DZ%)’ Dnearmin (D98%)’ Dmean (DSO%
), Dy, CI (Conformity Index), va HI (Homoge-
neity Index) [6].

- Pbi voi Tim: Cac chi s liéu lién quan dén
doctinhtim: D_ ,D__ | VZOGy, V30Gy, \Y o [5].

- Pbi v6i cac thé tich giao (zCA_PTV va
zCA_ Heart): Cac chi sO lieu tuwong tu nhu trén.

_Cac phép so sanh dugc thuc hién lgéng phép
kiem dinh thong ké cap do6i Wilcoxon dé danh gia

su khac biét giﬁ'a’céc ké hoach CCT, CCT_HUO,
CCT_HU vo6i k€ hoach NCCT. Muc y nghia
thong ké duoc dat 1a p<0,05.

3. KET QUA
3.1. Swthay déi ty trong Hounsfield Unit (HU)

Phan tich dir liéu cho thay gi4 tri HU trung binh
clia vung ngam thudc can quang (zContrastAgent)
trén chudi CCT cao hon dang ké so v6i trén chudi
NCCT. Gia tri HU trung binh trén CCT 14 295 HU
(46 1éch chuan 60 HU), trong khi trén NCCT chi
1a 130 HU (d6 léch chuan 17 HU). Su chénh léch
HU trung binh la 165 HU, phan anh muc d¢ tang
ty trong déng ké do thudc can quang gy ra.

Bang 2. So sénh gia tri HU trung binh cta céu tric zContrastAgent trén NCCT va CCT (n=15)

Théng sb Gia trj trung binh * SD (HU)
HU trung binh trén NCCT 130 £ 17
HU trung binh trén CCT 295 + 60
Do chénh léch HU 165 + 62
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khac biét nay 1a khong ¢ y nghia thong ké. Tuy
nhién, khi phan tich lidu trén thé tich zCA PTV
(vung PTV ngém thuéc), su khac bi¢t tré nén
dang ké hon.

3.2. So sanh cac théng sé liéu cua PTV
va zCA_PTV

Céc thong s6 liéu cua toan bo thé tich PTV cho
thay sy khac biét nhd gitra cac ké hoach va cac

Béng 3. So sénh théng sé liéu ctia PTV va zCA_PTV giira 4 ké hoach (n=15)

Ths%“g NCCT (Gy) CCT (Gy) CC(TG—;)'U" Cc(:cT;;')"U (Fé:g“\‘/i (CpC\':'a_IIl-I‘flo (ggilllj-leu
NCCT) | vs NCCT) | vs NCCT)
PTV

43,040,509 | 43,060,57 | 43,09:0,61 | 43,05:058 | 0,609 | 0,105 0,887

. | 40,45:0,78 | 40,45:0,79 | 40,45:0,78 | 40,45:0,78 = 0,705 | 0,157 0,157

HI | 013:003 | 013%0,02 | 0,13£0,03 | 0,13:002 | 0527 | 0414 1,000

2CA_PTV
| 42,96+0,71 | 42,68:0,72 | 43,50:0,79 | 43,05:0,84 | 0,002 | 0,001 0,649
D,,, | 40,92:0,96 40,62+095 | 4144£0,97 | 40,86£0,87 0,001 0,001 0,221

Ghi chii: Gid tri dwoe trinh bay dwdi dang trung binh + dé léch chudn (SD).

Trén toan bg thé tich PTV, ké hoach CCT va
CCT HUO khong cho thay su khac biét c6 ¥
nghia thong ké vé liéu trung binh (p = 0,609 va
p =0,105) so véi ké hoach tham chiéu NCCT. Tuy
nhién, khi phén tich lidu trén thé tich zCA PTV
(vang PTV ngém thudc), su thay d6i tro nén rd rét
va coy nghia thong ké. Cu thé, D_. trén ké hoach

CCT thip hon 0,65% so véi NCCT (p=0,002),
trong khi trén ké hoach CQT_HUO lai cao hon
so voi NCCT (p=0,001). Biéu nay chi ra rang sai

s6 liéu do thubc can quang chu yéu dién ra cuc
bo trong thé tich ngém thudc. Viée hiéu chinh ty
trong bang cach gan ty trong vé gia tri HU trung
binh trén chudi NCCT (ké hoach CCT HU) da
gitip khdi phuc céac thong sé lidu cuia zCA PTV,
duaD_ _ vaD,, tro vé gan tuong duong véi ké
hoach tham chiéu NCCT (p=0,649 vap=0,221),
trong khi phuong phap gan HU bang 0 (CCT_

HUO) lam tang lidu dang ké so v6i ké hoach tham
chiéu mot cach co y nghia thong ké (p = 0,001).

Hinh 2: Buong phan bé liéu di qua ving ngdm thubc cén quang trong PTV: ké hoach NCCT (tréi),
ké hoach CCT (gitra) va biéu dé chénh léch liéu gitra 2 ké hoach (phai) trong dé dwong mau dé la
ctia NCCT va dwong mau xanh la cta CCT.
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3.3. So sanh cac théng sé liéu cua Heart déang ke, tuong tu nhu PTV, nhung sy thay do6i
va zCA_Heart lidu trén thé tich zCA_Heart lai ¢6 ¥ nghia 1am

il 7oA A \ A . A sang quan tron
Su khéc biét lieu trén toan b Heart la khong g4 &

Bang 4. So séanh théng sé liéu cta Tim va zCA_Heart giira 4 ké hoach (n=15)

. p-value | p-value p-value
Théng so6 NCCT CCT CCT_HUO | CCT_HU |(CCTvs | (CCT_HUO | (CCT_HU
NCCT) | vs NCCT) |vs NCCT)
Heart
D.ean (GY) | 20,05+2,51 | 20,00+2,46 | 20,20+2,48 | 20,03+2,45 | 0,140 0,001 0,432
Vooey (%) [41,81413,33/41,69+13,24 42,50+13,17|41,81+13,14| 0,363 0,001 0,670
zCA_Heart
D. ... (Gy) | 20,47£2,77 | 20,37£2,69 | 20,76+2,75 | 20,46+2,69 | 0,033 0,001 0,615
Ve (%) | 14,13+£5,99 | 13,8245,78 | 14,8146,13 | 14,03£5,84 | 0,010 0,001 0,233

Ghi chu: Gia tri dwoc trinh bay duoi dang trung

Liéu trung binh D_ .. vao toan by Tim trén
ké hoach CCT so véi "NCCT khong c6 y nghia
thong ké (p = 0,140), trong khi trén ké hoach
CCT HUO lai ¢6 y nghia thong ké (p = 0,001).
Diéu nay cho thdy phuong phap CCT _HUO lam
thay d6i liéu 1én toan bd Tim mot cach dang ké.
Tuong tu, liéu trung binh trén thé tich ngam thudc
ctia Tim (zCA_Heart) trén ca hai ké hoach CCT

binh + dé léch chudn (SD).

nghia thong ké so v&i ké hoach tham chiéu NCCT
(p = 0,033 va p = 0,001). Ca hai phuong phap
CCT va CCT_HUO déu 1am thay doi lidu cuc bo
1én cac vung ngam thude trong mach mau, tim,
lam tang lidu trén CCT_HUO, trong khi ké hoach
CCT _HU giup glam thiéu sai s6, dua liéu vé gén
tuong duong voi ké hoach tham chiéu NCCT, sai
s6 khong co y nghia thong ké (p = 0,615).

va CCT_HUO déu cho thiy su khac biét co ¥

Relative dose [%]

0 12.077 24.154 36.231 48.309 60.386 72463 84.541 96.618 108.69
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Hinh 3: Biéu d6 DVH so sanh liéu vao PTV va Heart giira 2 ké hoach NCCT (du’o’ng chém tam giéc)
va CCT (dwong chadm vuéng) cho thay sw khac biét la khéng déng ké.

3.4. Sai sb tinh liéu giira cac ké hoach

CCT,CCT_HUO va CCT_HU so véi NCCT
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Béng 5. Sai sé tinh liéu gitra céc ké hoach CCT, CCT_HUO va CCT_HU so véi NCCT (n=15)

Théng s6 Ké hoach | Sai s6 trung binh £ SD (%) | Sai s6 Min (%) | Sai s6 Max (%)
PTV cCT 0,05 % 0,34 -0,59 0,89
CCT_HuUO0 0,12+0,33 -0,27 1,22
D ean CCT_HU 0,03 +£0,29 -0,48 0,89
zCA PTV CCT -0,65 + 0,49 -1,42 0,55
B CCT_HUO 1,26 + 0,46 0,52 2,57
D ean CCT_HU 0,22 +1,09 -0,66 3,84
Heart cCT -0,20 0,89 -1,66 2,21
CCT_HuUO0 0,78 £ 0,77 -0,13 3,19
D ean CCT_HU -0,02+£0,75 -0,85 1,97
2CA Heart cCT -0,42 + 0,90 -1,94 1,96
B CCT_HuUO0 1,46 £ 0,83 0,64 4,05
D ean CCT_HU -0,00 0,75 -0,94 1,67
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Hinh 4: Biéu d6 DVH so sénh liéu vao zCA_PTV va zCA_Heart giita 2 ké hoach NCCT
(duwong chdm tam giac) va CCT (dwong chadm vuéng) cho thay sw gia tang dang ké sw khac biét liéu.

4. BAN LUAN
4.1. Anh hwéng cua thudc can quang va
sw thay déi ty trong

Nghién ctru cta ching toi da chu’ng minh mot
cach dinh lugng rang su hién dién cua thude can
quang tinh mach gay ra su thay d6i déng ké vé
mit thong ké trén tinh toan liéu, dac biét la trén
céc the tich ngim thuoc cuc bo. Su thay doi nay
bat ngudn tir ban chét cta thude can quang. Thuoc
can quang chira iodine, mot nguyen t6 c6 sb
nguyén tir (Z) cao. Khi thubc nay dugc tiém vao
co thé, n6 lam ting dot ngdt mat do ciia cic mod

ngim thudc, din dén sy ting gia tri Hounsfield
Unit (HU) gia tao trong hinh anh CT[2].

Cac thuat toan tinh toan lidu hién dai nhu
Acuros XB (AXB) dua trén viéc chuyen doi gia tri
HU thanh mat d¢ dién tir cia m6 dé mo phong sy
twong tac ctia photon véi vét chét. Trong truong
hop nay, viéc tang HU tir 130 HU lén 295 HU
(Bang 2) khién thuat toan AXB hiéu nham cac mo
nay c6 mat do dién tir cao hon so véi thuc té [2].
Do do, su tuong tac cua tia X voi cac mo nay cling
bi tinh toan sai Iéch, dan dén sai s6 trong phan bo
lidu. Sai sb nay thé hién rd rét nhét trén cac thé
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tich ngam thuoc (zCA_PTV va zCA_Heart), noi
mat do thudc can quang 14 cao nhat.

4.2. Vai tro cua hiéu chinh ty trong

Mot trong nhiing phat hién quan trong nhat
cua nghién cuu la viéc hi¢u chinh ty trong, dong
vai tro then chdt trong viée giam thiéu sai s liéu.

Khi khong c6 sy hi€u chinh nao (ké hoach
CCT), liéu trung binh trén zCA_PTV da gidm
trung | binh 0,65% (sai so 16n nhét 1én 101 1,42%) so
voi ke hoach tham chleu Su glam lidu cuc bo nay
c6 thé anh huong dén két qua kiém soat khdi u.

Nghién ctru da so sanh hi¢u qua cua hai phuong
phap hi¢u chinh: gan HU cua vung ngim thude
bang 0 (CCT HUO) va gan bang HU trung binh
cua cac vung nay trén chudi NCCT (CCT_ HU)
Két qua cho thiy phuong phap gan HU bang gia
tri ban dau tr NCCT (ké hoach CCT HU) da dua
cac thong sd lidu ciia zCA PTV tr6 vé gan nhu
hoan toan tuong duong voi ké hoach tham chleu
NCCT (p=0,649vap=0 221) Dleu nay khang
dinh rang chlen luge 1am sang t6i uu la str dung
CCT dé contour (vi do tuong phan t6t hon cho
phép xac dinh chinh xac cac cau tric nhu mach
mau) nhu’ng str dung thong tin ty trong cua cac
ving ngam thude tir NCCT dé tinh toan liéu.

Nguoc lai, phuong phap gian HU bang 0
(CCT_HUO0) cho thay lidu trung binh trén zCA
PTV tang lén dang ké so véi ké hoach tham chiéu
NCCT (p <0,001). Diéu nay co thé giai thich do
viéc gan HU bang 0 c6 mot sy chénh 1éch HU
dang ké so voi gia tri thuc cua cac vung nay
(trong mach mau, tim), din dén su sai léch trong
tinh todn twong tac chum tia xa. Két qua nay nhan
manh tdm quan trong cta viéc lya chon phuong
phap hi€u chinh ty trong chinh xéc, khong chi don
thuan 1a loai bo anh hudng cua thudc can quang.

4.3. Y nghia lam sang

Sai s6 tinh heu do thudc can quang khong chi
anh hudng dén lidu PTV ma con gy ra sy thay
doi liéu cuc bo trén cac cau tric mach mau va
tim. Mdc du lidu trén toan bo Tim khong thay doi
dang ké, nhung D__ trén thé tich zCA_Heart da
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thay d6i mot cach c6 y nghia thong ké so véi ke
hoach tham chiéu NCCT. Cu the, D . trén thé
tich zCA_Heart cta ké hoach cct” trung binh
giam 0,42% (cao nhat 1én t6i 1,96%) va cia ké
hoach CCT_HUO trung binh ting 1,46% (cao
nhat 1én t6i 4,05%) so voi NCCT. Piéu nay cho
thay su hién dién cua thudc can quang lam thay
d6i liéu cuc bo 1én cac Vung trong mach mau, tim.
Céc nghién curu da chi ra rang cac chi s6 lidu tim
nhu Vioay VA V:‘OG la cac yeu to du bao quan trong
cho nguy co mac cac doc tinh tim mach mudn,
va tham chi Ia céac yéu t tién luong song con [5].
Su thay doi heu cuc bd 1én cac Vung nay c6 thé 1a
nguyén nhan tiém tang giy ra cac bién chung tim
mach nghiém trong trong twong lai, mot van dé
dac biét quan trong khi xa tri ung thur thuc quan,
mot vi tri gidi phau gan tim.

So sanh v6i cac nghién ctru tuong tu, két qua
cua chiing t6i phu hgp véi cac bao céo cho thay
sai sO li€u co6 thé xay ra & vung thuc quan nguc
dudi khi co thudc can quang [2]. Su khac biét nay
c6 thé giai thich do vung g1a1 phau ctia nghlen clru
nay la long nguc, mot moi tru’ong c6 do khong
dong nhat cao voi nhiéu mé c6 mat do khac nhau
(md mém, phdi, xu’orng) [4] Trong khi do, céc
nghién ciru trén vung dau ¢ thuong cho tbay sai
s0 nhd hon vi ving nay c6 mat d§ dong nhat hon.

Tuy nhién, nghién ctru cua chung t6i con di
xa hon bang cach danh gia cac phuong phap hi¢u
chinh ty trong khac nhau. Khac véi mot so nghién
ctru cti chi dung lai ¢ viéc so sanh heu trén NCCT
va CCT, ching t6i di chirg minh ring mot quy
trinh hi¢u chinh t}"/ trong thich hop (gan HU cua
cac cac Vung ngam thudc can quang vé gia tri
trung binh cta né trén chudi NCCT) ¢6 thé giai
quyét dugc van dé giita viéc lwa chon contour
chinh xéac trén CCT hay tinh toan liéu chinh xac
trén NCCT. Nguoc lai, phuong phap hiéu chinh
ty trong cac vung ngam thudc can quang bang
cach gan HU bang 0 (CCT_HUO) cho thay heu
trung binh trén zCA_PTV ting hon so véi ké
hoach tham chiéu NCCT (p < 0,001). Piéu nay
c6 thé giai thich do viéc gan HU bang 0 c6 mot
su chénh 1éch HU déang k¢ so véi gia tri thue cua
cac ving nay (trong mach mau, tim), dan dén su
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sai léch trong tinh toan tuwong tac cua chum tia xa.
Két qua nay nhan manh tdm quan trong cua viéc
lya chon phuong phéap hi¢u chinh ty trong chinh
xac, khong chi don thudn 14 loai bo anh huong
ctia thude can quang.

4.4. M6t s6 han ché va hwéng nghién
clru tiep theo

Nghién curu nay cO mot s6 han ché can dugc de
cap Thir nhit, ¢& mau nho (15 bénh nhan) c6 thé
gidi han khd nang khai quat hoa cua céc két qua.
Thir hai, day 1a mot nghién ctu hdi cuu, khong
phai la mot thu nghiém lam sang ngau nhién.
Cudi cfmg, nghién ctru nay chi tap trung vao liéu
vat ly va chua danh gla tac dong 1am sang thuc sy
clia cac sai s liéu nay 1én két qua diéu tri va doc
tinh ctia bénh nhan.

_Trong tuong lai, cac nghlen ctru tlen clru véi co
mau 16n hon can duorc tién hanh dé x4c nhan cac
phat hién nay. Ngoai ra, viéc so sanh cac phuong
phép hi¢u chinh ty trong tién tién hon, chang han
nhu céc thuat toan hoc may, su dung tri tu¢ nhan
tao Al dé tao ra chudi CT khong thudc can quang
gla lap (Vlrtual NCCT) tir chudi CT ¢6 tiém thuoc
can quang, cling la mot huorng di day hira hen dé
t6i wu hoa quy trinh 1am viéc 1am sang.

5. KET LUAN

Sy thay ddi t}”l trong do thudc can quang tinh
mach trén CT mo phong gay ra sai sO heu dang
ké, dic biét 1a tai cac ving ngdm thudc cuc bd
nhu mach mau va tim. Viéc hi¢u chinh ty trong la
mot budc quan trong va can thiét dé dam bao do
chinh xac liéu luong cta ke hoach xa tri. Phu’orng
phap hi¢u chinh ty trong bang cach gan HU cua
cac Vung ngam thude cuc bo Ve gia tri trung binh
ctia né & chudi NCCT cho thay hi¢u qua vuot troi
trong viéc giam thiéu sai s lidu so voi phuong
phap gan HU bang 0.

Nghién clru nay dua ra khuyén nghi 5 rang
cho thyc hanh 1am sang: dé dat duoc do chinh xéc
cao nhat nén st dung chu01 CT co tiém thudc can
quang dé contour céc thé tich didu tri va co quan

nguy co. Tuy nhién, can ap dung mét quy trinh
hiéu chinh ty trong thlch hop trudce khi thyc hién
tinh toan liéu lap ké hoach. Diéu nay s& glup két
hop dugc loi ich cua viéc contour chinh x4c va
tinh todn lidu chuén xéc, tir d6 t6i uvu hoa két qua
diéu tri cho bénh nhan.
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