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Study new reconstruction algorithm to decrease
the dose of chest computed tomography

Nguyén Pao Cam Ti", Nguyén Phwéc Bio Quin™

SUMMARY

Purpose: To Investigate extent of radiation dose reduction
in chest CT scaner using an lterative Reconstruction Technique.

Methods: Image quality and radiation dose (dose length
product and CT dose index, effective dose) were restrospectively
reviewed in 60 CT examination of 60 patients who were underwent
the lung screening. Standard Dose CT (SDCT) group considered
as control were performed at 100kV and 120 mAs of reference;
Low dose CT (LDCT) group were done at 100kV and 50 mAs of
reference. We apply the technique of automatic mA modulation
— CAREdose™ in both group. The filtered back projection was
applied for SDCT, the itirative reconstruction algorithm was used
for LDCT.

Results: Compare whith SDCT, LDCT have the radiation
exposure reduction with CTDIvol = 1.69 + 0.56 mGy (decrease
60%), DLP = 54.67 + 15.99 mGy.cm (decrease 65%), Effective
dose = 0.76 = 0.22mSv (decrease 65%), (p < 0.001). There was
no the difference in quality image between 2 groups (p > 0.05).

Conclusion:The low-dose CT protocol yields a significant
reduction in radiation exposure while maintaining the quality
image, safety and precision. Iritative reconstruction plays an
important role to improve the quality image.

*Khoa Chan dodn hinh danh —
Trueong Dai hoc Y dwoc Hué

**Khoa Tham do chirc nang —
Bénh vién Trung wong Hue
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I. DAT VAN DE

Téac nhan gay ung thw clia blrc xa tia X trong chiéu
xa y t& 1a mot van dé phirc tap va ngay cang duwoc
nghién ctru. Theo nghién ctru clia Hiép héi khoa hoc
M§ (n&m 2000), trén toan thé gidi cd 14% hép thu tia
xa la t tia X chan doan. Nghién clru & Anh cho thay
khodng 0.6% cac trieong hop ung thuw do tich Iy tia xa
la do tia X trong chan doan (twong duwong 700 ca)[7].

Sw ra doi clia cat 16p vi tinh xoan bc, cat 1&p vi tinh
da day dau do da lam gia tang chi dinh 1am sang chup
CT. Nhi*rng nghién ctru & My va Anh cho thay c6 s gia
tang gap ddi chi dinh chup cét I&p vi tinh tlr nhirtng nam
80 dén nhirng nam 90. Nghién ciru & My cho thay ty &
chup CT trong céc ky thuat hinh &nh chiém 11% trong
nam 1999 so véi 6.1% trong ndm 1990. Két qua nay
ciing cho thay liéu nhiém xa do chup CLVT chiém 67%
tong liéu nhiém xa trong chan doan hinh anh (1999) [6].
Va nhiéu nghién ciru khac cling danh gia liéu nhiém xa
do CLVT chiém ty 1& cao va ngay cang gia tang. Vi vay,
giam liéu trong CLVT la van dé dang dwoc quan tam
va thuwc hién. Nguyén tac chung via gidm liéu la st
dung mtrc d6 birc xa téi wu nhat cho bénh nhan nhung
van dat dwoc chat lwong hinh anh dam bao chan doan
(ALARA). Phdi 1a mét ving gidi phau ma viéc giam
dang ké lidu birc xa trén CLVT c¢6 thé ap dung dwoc, khi
trong phéi hap thu tia X rat it, ngay c& mé& trung that van
c6 thé thdy duoc ty trong tw nhién khi dung liéu thép.

C6 vai phwong phap giam lidu, tai co s& nghién
ctru da dung phan mém CARE dose (kiém soat liéu tw
dong) nham thay ddi dong béng (tube current) theo kich
thwéc va hinh dang I1an cau tric gidi phau cta ving
dwoc chup, cho hinh anh dadm bdo ma lidu nhidm xa
van ti wu. Gan day, véi thuat toan tai tao Iap lai (IR),
chét lwgng hinh anh van tét du gidm liéu thap hon niva,
khac v&i thuat toan hinh chiéu nguoc (filtered back
projection-FBP) chi tang d0 phan giadi ctia hinh anh
nhuwng khéng gidm dwoc nhiéu anh (image noise), IR
viraco tdng dd phan gidi, vira gidm dwoc nhiéu anh nén
chét lwong hinh anh van tbt sau khi giam liéu (giam tw
40-60% liéu so v&i FBP) [5].Hién nay, trén binh dién
ca nwdc, nhiéu may chup cét 16p da duoc trang bi tw
tuyén y té trung wong dén tuyén y té thanh phé tham
chi tuyén huyén, viéc dwa ra khai niém ap dung ky thuat
gidm lidu chup cho bénh nhan la mét diéu khan thiét.

Trong bdi canh d6, chung tdi thwc hién dé tai nay nham
muc tiéu chinh: Panh gigd mirc dé gidm liéu chup cét 16p
vi tinh ngue sau khi str dung thuéat toan dwng hinh méi.

II. DOl TWONG VA PHUONG PHAP NGHIEN CUPU

Chung t6i hdi ctru hinh anh CLVT cla 60 bénh
nhan dwoc chan doan cac bénh Iy ung thw ngoai phdi
ho&c hut thuéc 14 nhiéu (>30 géi/ ndm) hodc cé triéu
ching Iam sang nghi ngd ung thw phdi dwoc chup
CLVT nguc va két qua CLVT nguc binh thuwéng. Cac
bénh nhan duoc chia lam hai nhém twong déng vé cé
do tudi tir 30-70, can néng, khodng 50-70kg.

30 bénh nhan dwoc chup CLVT nguc liéu thap
(LDCT) khéng tiém thuéc can quang tir thang 9/2015
dén thang 01/2016 sau khi may dwoc cai dat thuat toan
tai tao 1ap vao thdi diém 9/2015. Béi véi nhém chirng,
chung t6i thu thap cac dir liéu va hinh anh CLVT cula
30 bénh nhan dwoc chup CLVT nguwc lidu binh thwong
(SDCT) tir thang 3-6/2015. TAt ca déu dwoc chup bang
may CLVT 128 day dau thu clia hang Seimens véi pitch
= 1, collimator 0.6, bé day 1 mm va khodng dwng hinh
0.6 mm, 100kV, dung phan mém diéu chinh liéu tw déng
(Dose modulation tenichque - CAREdose). S& dung
liéu trung binh mAs 1a 120 mAs dbi véi SDCT, 50 mAs
dbi v&i LDCT. Bbi véi SDCT chi stiv dung thuat toan FBP
(filtered back projection), LDCT st dung thuat toan IR,
co tén SARIFE.

[ 60 bénh nhan dwoc chup CLVT ngu’c]

/\

Standard-dose CT Low — dose CT protocol (CARE
protocol(CARE dose) dose)

Trung binh 120 mAs, 100kV Trung binh 50 mAs, 100kV

l l

[ Thang 3/2015 — 6/2015, n= 30 ]

Thang 10/2015 - 01/2016, n = 30 ]

l l

[

FBP J [ Iterative reconstruction J

Sodd 1. So’ dé nghién citru

Chung tbi tién hanh danh gia chéat lwong CLVT
phdi dwa trén nhirng tiéu chudn chét lwgng CLVT phdi
cta Chau Au dwa ra (European guidelines on quality
criteria for CT), dwa trén 5 dac diém: 1. Thay cac ranh
lién thiy phdi, 2. thdy mach mau phdi trong vong 1 cm
tir mang phdi, 3. thay thanh phé quan trong vong 3 cm
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tir thanh nguc, 4. thdy cac tiéu thuy phdi thtr cap, 5.
thay ranh gi6i gitra mang phéi va thanh nguwc. Méi déc
diém duwoc danh gia theo thang diém: 1 = khéng 8, 2 =
rd it, 3 =rd vira, 4 =16, 5 = rat r6 [3].

Cac théng sd vé nhiém xa ciing dwoc ghi nhan:
CTDIvol (mG) (CT dose index), DLP (mG.cm) (dose
length product), tr d6 tinh ra dwgc lidu hiru hiéu
(Effective dose) theo cong thirc : Effective dose (mSv)
=DLP x k (k=0.014 mSv/ mG.cm: hé sb lidu hivu hiéu
danh cho phéi) [2].

Cac sb lieu dwoc ma hoa va x& ly bang phan mém
spss 16.0, bién sé dinh tinh dwoc biéu hién dwdi dang
tan sd, cac bién sé dinh lwgng dwéi dang trung binh +

2. banh gia chat lwong CLVT phoi

SD. Kiém dinh cac bién dinh tinh bang kiém dinh chi-
square, cac bién dinh lwong bang t-test. Sy khac biét
c6 y nghia théng ké khi p< 0.05.

. KET QUA
1. Béc diém chung

V& tubi va gi¢i: nhém SDCT ¢ 19 nam, 11 ni, tubi
trung binh 47.8 £ 13, nhém LDCT c6 16 nam, 14 nira,
dé tudi trung binh 46.3 + 12 (p lan lwot 12 0.43 va 0.65>
0.05, sy khac biét khong cé y nghia théng ké).

V& céc thong sé chup: kV va mAs & nhém SDCT la
100kV, 150,3+52.3mAs, & LDCTIa 100kV, 51.2+7.2
mAs, gidam mAs 66 % & LDCT so v&i SDCT (p < 0.001).

6

5 =]

liénthuymang  mau phéi

phoi

Thay cacranhthay cacmach Thaythanh Tiéuthuy phoi
phé quan

mSDCT
mLDCT

Ranh gioi
mang phoiva
thanh nguc

thur cap

Biéu dé6 1. Panh gia chat lwong CLVT phéi

Thay cac ranh lién thiy mang phdi & 2 nhém SDCT va LDCT Ian lwot 5 va 4.63 + 0.49 diém (p < 0.05). Thay
cac mach mau mau phdi trong vong 1 cm tir mang phdi, thay cac thanh phé quan trong vong 3 cm tir thanh nguc &
2 nhém bang nhau (5 diém), thay tiéu thuy phdi thir cAp (4 diém). Thay ranh gidi gitra mang phédi va thanh nguc &
2 nhom SDCT va LDCT I14n lwot 4 + 0.26 va 3.93 + 0.36 diém. (p = 0.42 > 0.05).

3. Liéu nhiém xa

CTDIvol (mGy) DLP (mGy.cm) Effestive dose (mSv)
SDCT 4.25+1.60 156.77 + 70.60 2.19+£0.99
LDCT 1.69 + 0.56 54.67 + 15.99 0.76 + 0.22
Giam (%) 60 % 65 % 65 %
p < 0.001 < 0.001 < 0.001

Bang 1. Liéu nhiém xa CTDIvol, DLP va Effective dose
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TOM Definition AS+

Inng Tz O

CTDIvol™ DLP Tl
maG mGycm S

Patient Position F-SP
Topogram
Thorasx

CM /Id:ID

(1)

PKDK MEDIC HUE

S6 TOM Definition AS+

Ex:1
Patient Protocol
3 0:46

TUYEN. NGO THI
Oct30 1970 F 4

Total DLP 77 mGycm

Scan Ky mAs [ ref. CTDlIvol™

sition H-SP
34 mA
42/ 66

DCM / 1d:ID
8]

YFOV: 0.0 % 0.0cm
~ L= 32cm, S = 16cm DFOWV: 0.0 x 0.0cm

(2)

Hinh 1. 2 protocol chup liéu chuén (SDCT) (1) va liéu thap (LDCT) (2)

Céc théng s6 chup & SDCT VA LDCT: 100kv, 98/148mAs va 100kV, 42-66 mAs. Liéu CTDIvol lan Iuot 3.89
mGy va 1.69 mGy, DLP lan lwot 150 mGy.cm va 72 mGy.cm

IV. BAN LUAN

Hai nhém bénh nhan trong nghién ctru clia ching
tdi khong co sy khac biét vé tudi va gidi. o tudi trung
binh & 2 nhém SDCT va LDCT lan lwot 47.8 + 13 tudi
va 46.3 + 12 tudi (p < 0.05). Ty & nam va nira twong
dwong nhau & 2 nhém (p < 0.05).

C6 nhiéu phwong phap gidm liéu nhw giam dong
béng mA, gidm thdi gian chup, gidm thong sé kV, hay
tang pitch. Theo ACR, LCS va CMS da dwa ra ngwéng
lidu t6i da cho LDCT phédi: CTDIvol la 3 mGy, DLP |a
75 mGy.cm, Effective dose la 1 mSv dbi v&i co thé co
trong lwong trung binh, cé thé tang lén déi véi ngudi
map hodc giam dbi véi nguoi gy [1], [5]. Trong nghién
clru nay, chung t6i dung phwong phép diéu chinh liéu
tw dong CAREdose dé giam thong sb dong béng theo
tirng bénh nhan dong thdi dung thuat toan IR dé tang
chét lwong hinh &nh, gidm dd nhiéu. Nh& d6, & nhém
LDCT théng sé dong béng gidm con khodng 51.2 + 7.2
mAs, gidm 66% so v&i nhém bénh nhan chup liéu chuén
(SDCT) (p < 0.001), déng thei liéu nhiém xa cling giam
rat thp, CTDIvol chi con 1.69 + 0.56 mGr (gidm 60
%), DLP 54.67 + 15.99 mGy.cm (gidm 65%), Effective
dose 0.76 + 0.22mSv (gidm 65%), (p < 0.001) (bang 1).
Theo hiép hdi sang loc ung thw phdi Nhat Ban, thong

sb dong béng cho CLVT liéu thap trong khodng 30 mA
ddi v&i may da lat cat, thoi gian quay bong 0.5s [10].
Cac nghién ctru twong tw trong sang loc va theo di nét
m¢& don doc bang LDCT thi théng sé mAs khoang 40-
60 mAs. Theo b&o cao cla hoi nghi Fleischner vé liéu
nhiédm xa cta CLVT nguwc, théng sb dong béng dung
cho LDCT khoang 40-100 mAs. Len-zen va cs da do
dac Effective dose thay ddi tir 0.3-0.8 mSv cho nam va
1.55-13.5 cho ni khi thay déi dong béng tr 10-80 mA
cho LDCT [9].Theo nghién ctru ctia D.H. Chang va cs,
dung LDCT phéi véi dong bong 50 mAs thi trung binh
ctua CTDIvol = 2 mGy, DLP = 58 mGy.cm va Effective
dose giam khoang 1.1 mSv. Két qua nay ciing phu hop
v&i nghién ctru clia chung t6i.[2].

Véi dd twong phan cao gitra ty trong khi trong nhu
mé phédi va bénh ly & phéi, da cé nhirng nghién ctru cho
thay du gidm liéu nhwng van dat dwoc chat lwong hinh
anh cao trong chan doan. Nhwng khi gidm liéu thap hon
nira thi chat lwong hinh &nh lai giam di, vi vay nghién
ctru clia ching téi dung thuat toan tai tao 1ap lai (IR) dé
cho hinh anh tét hon. Chét lwong hinh &nh gitra 2 nhém
cé dod twong ddng trong danh gia cac dic diém nhuw
thay rat rd cac mach mau phéi trong vong 1 cm tlr mang
phéi, thay rd thanh phé quan trong vong 3 cm tlr thanh
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nguc (5 diém), thdy ré cac tiéu thuy phdi thir cap gian
tiép qua thay ré cac tinh mach phdi & vach gian tiéu
thuy va dong mach trung tam tiéu thuy & trung tam tiéu
thuy phéi thir cAp (4 diém). V& ranh gi¢i gitva mang phdi
va thanh nguwc nhd thay rd Iép m& ngoai mang phdi
& nhom SDCT cao hon nhém LDCT nhwng sy khac
biét khéng cé y nghia théng ké véi p = 0.42 > 0.05.
Trong cé&c tiéu chuan danh gia chat lwgng hinh anh thi
tiéu chuén thdy cac ranh lién thiy & nhém LDCT va
SDCT lan lwot 1a 4 + 0.26 va 3.93 + 0.36 diém, nhung
s khac biét co y nghia thdng ké (p < 0.05), didu nay
c6 thé giai thich do ching toi chi nghién ctvu hinh anh
trén mat phéng axial, khdng dung ky thuat dwng hinh
theo dac diém giai phau cda ranh lién thay, hon nira
c6 thé do c& mau khéng dd Ién. Nhw vay, tuy gidm liéu
chup dén 66% nhung nhe thuat toan IR, chat lwong
hinh anh ctia CLVT phdi van thay ré va rat rd twong tw
nhw chup liéu chuan. Theo nghién ctvu ctia Martinsen
va cs, khi gidm liéu dong béng tir 200 mAs xudng con
30 mAs, v6i thuat toan IR thi cac tiéu chudn nhw thay
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TOM TAT
Muc tiéu: Panh gia mirc d6 giam liéu chup cét I6p vi tinh ngurc sau khi str dung thuét toén dung hinh méi.

Déi twong phwong phap nghién ciru: 30 bénh nhéan duoc chup CLVT phéi liéu thdp bang may CLVT 128 lat
cét hang Seimens véi cac théng sé 100kV, 50mAs véi phdn mém diéu chinh liéu tw déng CAREdose va st dung
thuat toan tai tao Iap lai - Iritative reconstruction - IR (SAFIRE). Nhém chirng gém 30 bénh nhén duoc chup CLVT
nguec lidu binh thuong (100kV, 120mAs véi phan mém diéu chinh lidu tw dong CAREdose). Pénh gia chét luong
CLVT ngwe & 2 nhém bénh nhén, ghi nhan céac théng sé nhiém xa CTDIvol, DLP, Effectivedose.

Két qua: Vé cac thong sé chup: kV va mAs & nhém SDCT la 100 kV, 150,3 + 52.3 mAs, & LDCT la 100 kV, 51.2
+ 7.2 mAs, gidm mAs 66 % & LDCT so véi SDCT (p < 0.001). Chét luong hinh dnh CLVT nguec tuong duong & 2
nhém (p < 0.05). Gidm liéu nhiém xa & nhém LDCT so véi SDCT véi CTDIvol chi con 1.69 + 0.56 mGy (gidm 60%),
DLP 54.67 + 15.99 mGy.cm (giam 65%), Effective dose 0.76 + 0.22mSv (giam 65%), (p < 0.001)

Két luan: Chup CLVT nguec lidu thép gitp gidm liéu nhiém xa cho bénh nhén nhung van ddm bao duoc chét
ltrong hinh anh nho thuét toan tai tao 1ap lai (IR).
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