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Helical CT for Lung-Cancer Screening:
Third Report: Fundamental study for ultra-
low-dose CT by application of small tube
current and filter

Shigeki Itoh", Shuji Koyama?,
Masatoshi Tusaka?,
Hisashi Maekoshi?, Hiroko Satake?®
and Takeo Ishigaki®

In order to develop ultra-low-dose helical CT for lung cancer
screening, the effect of reduction of the tube current to 20mA
and application of a 10mm thick aluminium filter upon ra-
diation dose and image quality was evaluated with a phan-
tom. Exposure dose at the center of a gantry and absorbed
dose at the center of an acrylic phantom at 20mA with the
filter were 15% and 29% of the dose at S0mA without the
filter, respectively. For reduction of absorbed dose, reduc-
tion of the tube current was more useful than application of
the filter. Image noise at 20mA with the filter was double
that at S0OmA without the filter. Neither reduction of the tube
current nor application of the filter changed full width at half
maximum on section sensitivity of the Z-axis. Although re-
duction of the tube current did not affect the difference in
CT values between an acrylic sphere and styroform, appli-
cation of the filter caused a reduction of 4.5% in the differ-
ence in CT values. Neither reduction of the tube current nor
application of the filter affected the contrast resolution of
the high-contrast phantom; however, that of the low-contrast
phantom deteriorated. Although improvement of the filter
and evaluation of clinical images are necessary, reduction
of the tube current to 20mA and application of the aluminium
filter appear to be a promising method for ultra-low-dose he-
lical CT of the lung.
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HELDZELHBEREYRT TE DA, 77— 7 VEBEH%
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MEBFSOIVET S L7010, $ERE T ALED
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1) #EERAR R O FFE
A) ARG & FE%h T 4 L F — (Table 1)

TANTER VDL EEPHT A NLF—I1L, 41.6keVH 5
56.1keVIZH40%IA L7z, F72, 74 V& R VIZREET
EBHET120kVp 2 5135kVpic EiF s L, [L < EHTFL
F—1456.1ke VA 560.3ke VIZH7.5%HI K L 7=,

B) 7 > ) Ll D BEGT# A (Table 2, Fig.1)

Hr b)) RO BEHEEIIE BRI L TEE L.

EBROSFRULGEICI 74V 2 VA L, BREHEE 1264

Table 1 Half value layer and effective energy

Table 2 Exposure dose at the center of a gantry vs tube current
with different tube voltage and filter (C/kg x 10°%)

tube current  aluminium filter (=) aluminium filter (+)

(mA) 120kVp 120kVp 135kVp
50 7.95 2.89
30 4.68 1.70 2.37
20 1.19 1.59
exposure dose
(Clkg » 10 -)
10+

5 g
- - |
] = -
T T T ! *:I’T'IA)
20 30 50 tube current

O : Filter (-) , 120 kvp
@ : Filter (+) , 120 kvp
M : Filter (+) . 135 kvp

Fig.1 Exposure dose at the center of a gantry vs tube current
with different tube voltage and filter.

%I T LA, —J, EEET120kVph & 135kVpll EiF 5
&, BBEHREIIR33%HA L. 120kVp, 20mAT 7 1)V ¥
WIS A OB IX1.19 x 10°C/kg & 2 D, 50mAT
TANT 2N WIGEOH15%E THRT L7,
C) 7 7 ¥ b AHLL ORI (Table 3, Fig.2)

7 7 ¥ b AL IGHE b EEICHE L TR
o BERLSFE LS 74V E R L, RIGERIZ
F38% T L7z, —77, EHEEZ120kVph5135kVpil b
% EIGRATIEFI40%IERL, 71V FICKHHEETO
R S Nz 120kVp, 20mAT 7 4 )V 7 & W&
OWIGHRIRIE10.1mGy &% 1), 50mAT7 4 V¥ 2wk
WED#29% F TIRT L 72,

Table 3 Absorbed dose at the center of phantom
vs tube current with different tube voltage and filter (mGy)

aluminium filker  tube voltage  half value layer effective energy tube current aluminium filter (-) aluminium filter (+)
(kvp) (mmAl) (keV) (mA) 120kVp 120kVp 135kVp
(=) 120 4.91 41.6 50 35.0 25.1
(+) 120 8.40 56.1 30 205 14.9 21.7
(+) 135 9.30 60.3 20 10.1 15.0
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absorbed dose
(mGy)

30 - /@
/.
20 - /?

.
&

10

T T T T 1 (mA)
20 30 50 tube current

O : Filter (=) , 120 kvp
@ : Filter (+) , 120 kvp
W : Filter (+) , 135kvp

Fig.2 Absorbed dose at the center of an acryli'c phantom vs tube
current with different tube voltage and filter.

Table 4 Noise vs tube current with different tube voltage and filter

(% 6 )
tube current  alurninium filter (-) aluminium filter (+)
(mA) 120kVp 120kVp 135kVp
50 0.697
30 0.928 1.283
20 1.160 1.495 1.259
2) EE O FH

A) / 4 Z(Table 4, Fig.3)

JAXIEBHRA T LKLY, ZOREE,
50mA D 530mA L F7256 12T, 30mAD>520mA LS
TG EDOHIKEPT. 74y IS, /
£ Z1E30mA TH38%, 20mATHR9%HIK L. —Fh, &
BEZ120kVpA 6135k VpIZ BT 5 & 7 4 Xid#916%IET L
72. 120kV,20mAT 7 4 V¥ EHWI2HBED /) 4 X3,
50mAT7 4V VR WGEED 2 B EICHERLZ.
B) HR#il J718] {1 (Table 5)

G moREEE, FERCERBTOMERL 7 1 VY
DEHOFEIZDH 5T, 12.5mmT—ETHo7:.
C)ar + 7 A borfiee (Figd, 5)

EEREF20MAICTITY, 2, 7407 EHVTHHE
Y PFAMNT 7Y bADOHBOLIIFEDT, iR
3SmmERFE THiB s, —F, Ka PSS AFT 7 MA
OfHEEIL, HEERE T 7408 2EHT LI LIS
L 0gbL, Hic, FEH20mATT 1 V7 FHWIHEC
IICTE30D1SmmERDAAHH S 7z, BEBEEZ135kVpi
T 5 LEELRPLUEENA LN,

ERE8E 11 H25H

R s A 963

noise
(% 8 o)
1.5 @
m e
CN
1.0 ™~
‘GHHMMH
O
0.5 -
' ' ' 1 (mA)
20 30 50 tube current
O Filter (=) , 120 kvp
O : Filter (+) , 120 kvp
I : Filter (+) , 135kvp

Fig.3 Noise vs tube current with different tube voltage and fil-
ter.

Table 5 Full width at half maximum on section sensitivity profile
of Z-axis vs tube current with different tube voltage and
filter (mm)

tube current  aluminium filter (-) aluminium filter (+)
(mA) 120kVp 120kVp 135kVp
50 12.5
30 12.5 12.5 12.5
20 12.5 12.5 12.5

D)7 7Y NERESAAFO— LOCTED % (Table 6,
Fig.6)

T )IERE AT O — LOCTDEL, HEK%
20mA T TTIFCTLM6TOH U, T—E7lolzhs, 74 NI %
5 E#640H.U. L 2D, CTIEDOZENFI4.5%NE { o
7z, TOCTEZEDIVMUITEEE %135k Vpl EIFTHITL
AEE I N o7,

z =B

FEHIREECT % B O— RS (e H T 57201243, #iE
WEEZTEBRNNSLTELEND S, ERURIECT THii
SRR HE T AP OBEREE IRE T 5 U & R A
5. WMERMEETIHEE LTAF v VI OFN
EF—TNBEREEOHEAB#EZ GNL, L Lads,
R R TN IR TH Y, 34, BREER
20mm/F L W RE(T A LI EOEN LT EL S
DTN H S, TOOBRHTHRELIHRTHIL
THRREOK T 2 o7z, KORHRY S5, BEE
120kVp TEH R & 50mA E T T MHOHELHLE
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Fig.4 lm;age of high-contrast phantom. A: 120kV 50maA Filter(--), B: 120kV 20mA
Filter(--), C:120kV 20mA Filter (+)

uomrast resolution of high-contrast phantom did not changed by the reduction of
the tube current and application of the filter.

(B)

(B)

i
N
i
Ny

(A) (c)

Fig. 5: Image of low-
contrast phantom. A:
120kV 50mA Filter (-),
B: 120kV 20mA Filter
(=), C:120kV 20mA
Filter (+)

Contrast resolution of
low-contrast phantom
deteriorated by the re-
duction of the tube cur-
rent and application of
the filter.
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Table 6 Variation of CT value between acrylic sphere and
styroform vs tube current with different tube voltage and

filter
tube current aluminium filter (=) aluminium filter (+) |
(mA) 120kVp 120kVp 185kVp |
50 665 '
30 669 641 626

20 669 638 627

HELRWEEZEZONL-OT, SHOMHE T, KEBRL
HOMERSHH 7 1 LV OfERIIZ LD lznkVp 50mA TORIEE
w& Db LhviiE T ﬁi WA LERAL

BEE4 2 TR HEE LT, ERHKBSG T TITA
').r'i':i TANTEROWLTEFELZ SRS, bhvbhil,
EERZ20mAZCTFTESI0MmAO TN I =7 L7 4
VF EHWEA, HHGYE, FEMIF4OmMAE LTT L3I
= ABLD26mm £ 3TmmDIENT 4 )L ¥ 2GS iR
HLTWS, LPLENS, SHOMmEHEEN»S 71 L%
VB EETANF—PBERNT D20, H 2 M)
OWRGREEOETIZRT 7 7 > b ol
DWINHEOIEL T ORI RIS B b Z
BHLNTHY, 9D, 74 IFEET
ARZOMERAHREDEEZLOND, D
Zlah, BETIHET T EEL
T, HIZ74 V52 {lnwbDTlEE, &
BT TELET T ZATT74 V5%
3 5 50 ) Dl O EIK T O 72

WEFLWwWEELOND,
BAE, —RchiBmz ol shTws
PHEE120kVp, HEWIMSOmA, T— 7V
EhEEE20mm/fPDIRETOH » ) D
HEB R 127,95 x 10 °C/kg, 77 » M4
LOWIHE1E35.0mGy TH - 7275, HE

TE20mMALIZ FIFCTEZI10mmAO TV I =y (A}
LET AN EHWLIET, HEEBD

BKTFSEHIEMATEL, FHELIRY, CT
RO —RRB\EAT B0 ) A 7
AT ATV, BTOWIHE % 10mGy (2T
U405 T 2 2 2% b [ulf‘b
HELTWS, EEMio77 > AT
HE TIE RV, ‘A'J[-'loj)J FEizLkh _oa;fJ\
HEIZIZIFHECTE L EZOND.

I OFHE T, AR5 E 0 fliE
BRA2mAETTFWCY, /2, 74 Jbﬁ’
FHCTOELZRO L dol, L LE
o, /A XIEEEHZS50mA D H20mA (2
TFB E966%H KL, 74 VyEHN5 B)
EEHITH29% AL, Fh, TZUN
ERE IR F O — VOCTIED % I LE TR %

r
|

BD1.19x 10 C/kg L 10.1mGyEFTREL |

SERC84E 11 A25H

fi15 % 965
CT value
(H. V.)

800
G > =)

600

! . | - 2 (mA)

20 30 50 tube current

O : Filter (=) , 120 kvp
@ : Filter (+) , 120 kvp
W : Filter (+) , 135kvp

Fig.6 Variation of CT value between an acrylic sphere and a

styroform vs. tube current with different tube voltage and filter.

Fig.7 Helical GT images of the lung are obtained at 50mA without the filter (A)
and 20mA with the filter (B}using a normal volunteer. The image quality of the
latter is deteriorated than the former.
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