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Helical CT for Lung-Cancer Screening: Fifth
Report: Evaluation of image quality at
low-dose CT using healthy volunteers

Shigeki Itoh", Mitsuru Ikeda® , Toyohiro Ohta®,
Takayuki Isomura®, Takashi Katoh®’,
Kunihiro Maruyama® and Takeo Ishigaki®

In order to reduce radiation dose in the application of CT
for lung-cancer screening, we investigated the potential of
low-dose screening helical CT (SHCT) by reducing the tube
current and using an additional 10mm alminum filter. Six
healthy volunteers were scanned at various tube currents
(50mA, 30mA, 20mA ) with and without the filter. In com-
parison with the images at 50mA without the filter, we evalu-
ated the visualization of normal anatomical structures and
the detection of simulated nodules at low-dose SHCT. Al-
though a bias toward unclearness in the visualization of small
anatomical structures was noted at 20mA with use of the filter,
no structure was assessed as having no visualization at any
low-dose scan. Detection of simulated nodules was not de-
graded significantly by reducing the tube current to 20mA
and using the filter. Further reduction of radiation dose at
SHCT may be achieved by the application of small tube
current and an additional filter.
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Table.1 Scan parameter of healthy volunteers BT, BhbEMTINORGEEEML, 2ETdn
adbditinalu filter(kv ) OO S0 A GO B € B O 1(;:l:a (+) \ MGERCTIN {8 % Fi# 72 (Table 1). % B, AHOMRECILR
tube voltage (kVp) 120 120 1520 120 120 5 135 55 4 TOCTHRS Iifﬁ)lm".a"o'r'-'t:iill‘Ja_L‘Ct‘?;L‘
fubs current {mé) ?O _30 30 0 20 % 20 BRI E L, IEFEREE ORI RE & BT 0B

| Volunteer 1.51YM — © O O O T, CTOWHRIH ¢ T 3 40 HUsE B PEE A

2.48YM O O o O RFl L7, IR SO REO TG T3 2% % v

3.48YF O O O O 72, REF ST AR & ARSI MG 4, HEBR4

4.52YM O O O O TSRO KRINE, KEVIRS ok O R BhisR %
. MR E Lz B, FHE & 2hEED S 3emBN & L

5.54YM O O O 1 e AT - g B
) ’ - 7o, FEHEW G &L T, JEE T O 2 s ok

6.46YM O O O O ofitifgr, O: F%, 7213, A% OB

THithshTWwa, O i3 hTw525, ZoBiE
SNRREDH, AN ENTVWAD, ZOHE )

WEEZLNLIELERT 74 TOWMREET TEHHM Ko, X SIS N TR0 4 BRSTEFH L 7.

NERT A9 EEL T, N?TILIZOIVP, TEFASOmA, B ET OB EREDSHIT T, KI5 > 7 1 TNod (s

T AN WL T L mi{g R IR L Lz, BRI ff 1 120kVp, 50mA, 71 % (=), 120kVp, 30mA, 7 1

74 7 R EEEEOHZIIIMA T, FEIRI0mMA £20mA, V% (=), 120kVp, 30mA, 7 1 V% (+), 135kVp,

EEIE120kVp £ 135kVp, 74 wm; BOFEMEEMAGD 30mA, 714N (+)) KT F 1 TNo.S(RESLM
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Fig.1 Simulated nodule 1 at images of lung window setting (window width: 1600 wmdc»w level: -600). 52Y/M
A: Scan parameter of 120kVp, 50mA, and without an additional filter
B: Scan parameter of 120kVp, 30mA, and without an additional filter

C: Scan parameter of 120kVp, 30mA, and with an additional filter

.
D: Scan parameter of 135kVp, 30mA, and with an additional filter

’i i"’r
Simulated nodule 1 (arrows)was added electronically by increasing the CT value of ten pixels. The increase of CT valug was 250H.U. at
the center of nodules.

(c)
(D)
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Fig.2 Simulated nodule 2 at images of ]ung wmdow setting (window width: 1600, window level: -600). 54/M
C: Scan parameter of 120kVp, 20mA, and with an additional filter
D: Scan parameter of 135kVp, 20mA, and with an additional filter

g s e % 925
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A: Scan parameter of 120kVp, 50mA, and without an additional filter
Simulated nodule 2 (arrows)was added electronically by increasing the CT value of six pixels. The increase of CT value was 200H.U. at

B: Scan parameter of 120kVp, 20mA, and without an additional filter
the center of nodules.

120kVp, 50mA, 7 1) #% (=), 120kVp, 20mA, 71 L% n . CTH{E O [X W%

(=), 120kVp, 20mA, 74 V% (+), 135kVp, 20mA, 7 Pi | ZX W DOFIAEROMEEES, 4, 3, 2, 12K 41,
1% (+ )‘:0)8oo’)}lﬂi!léi-%#a)im‘lfgi%mmf:. &4 11248 0.75, 0.5, 0.25, 0&F 5.

DEURGEI 2 7 M7 2 ¥ LZHDIAA TS, BUSSEIE, 3 Ti: HRWCEIEEEA Y OBET 1, ELOBEES%0 LT
{@AFT—VIZT 27 ) VEREHEDAATHRE L TIBT 2 5.

) VERDCT profile curve 2 ZZ I ZCTOM{E T — ¥ #ZH L IiF et g « 2 F7E1600, 74 » K7L ~)b-
TR L7z, BEUUREEN 113, 10¥ 27 2V OCTEZZETE L, 600T, T/, MEMRHOEIZIZY 1 >~ FYIE400, 71
ZOHRLTORE & OCTED# % 250HU & L7 (Fig.1). % Fr7 L AOV40T 7 4 b L ZBEE AT CERE L 72,

7z, B 2 T, 6 E2BLVOCTHAZEEL, #0H
LTOCTIED#%200HU & L7z (Fig.2). Feie#id, B

3
HDMA & 616 L, ZOREMRRE R 5 BB (5 © FEEITHAE, e
4 IRIEMEEICOAE, 3 TFEREED, 20 ZITMEICHEL 1. EEEEEDORHIEE (Table 2, Fig.l, 2, 3)
w1 HEEICFE L W) TRl L /2. CTHIE % £ 80D By S, #EPRSet L I RE L2 Toik
XE (1 AT 4 A% 4 [XH]) 12508 LT &KMo RD» T, WTFNOIRESREHETY %Eﬁlfgitﬂﬁﬂ)% A5 H &
5, TFTie?# x H > TBrier score® # 38 | TH+ D2 WitE % NTWh W] EFHMEE NFld b o7, 727710, MiE4tt
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Table 2 Visualization of normal anatomies

scan parameter =) (=) (+) (+) (+) (+)
' 120kVp 120kVp 120kVp 120kVp 135kVp 135kVp
anatomy reader 30mA 20mA 30mA 20mA 30mA 20mA

central pulmonary 1 000 000 000 000 00O 000

vessel 000 000 000 000 000 000
000 000 000 000 000 000
peripheral pulmonary 000 000 000 000 000 000
vessel 00 OO0 000 000 000 000
000 000 000 OO0 000 000
| large vessel ‘000 000 000 000 000 O00

000 000 OO0 OO0 00O 000
000 000 000 OO0 000 000
000 000 000 000 000 OX In comparison with the standard images
000 000 AD0D OAD OO 0OAD scanned at 120kVp, 50mA, and without an

additional filter
000 000 ©©C) 000 000 000 ©: visualization (+), clearness: equivalent
000 000 000 000 000 OOO | dlormorecler _

| O visualization (+), clearness: slightly un-
000 000 000 000 OO0 OO0 | der

A:visualization (+), clearness: unclear

000 000 0AO O0A OO0 OO0 | 4 Visulztiont

in the mediastinum

branches of

the aortic arch

internal mammary
| artery and/or vein
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Fig.3 Images of medlasimal window settmgs(wmdow width: 400, window level: 40). 54Y/M
A: Scan parameter of 120kVp, 50mA, and without an additional filter

B: Scan parameter of 120kVp, 20mA, and without an additional filter

C: Scan parameter of 120kVp, 20mA, and with an additional filter

D: Scan parameter of 135kVp, 20mA, and with an additional filter
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Brier score Brier score
0.06 - 0.06 -

7 ] | b
0.04 - 0.04 -
0.02 1 + 0.02 - +

0—\ + + 0—‘ + +
Simulated nodule 1 Simulated nodule 2 Simulated nodule 1 Simulated nodule 2

120kvp, 50mA,Fiiter (-)
—— 120kvp, 30mAFilter (+)

—&— 120kvp, 30mA Filter(--)
—&— 135kvp, 30mA Filter (+)

—— 120kvp, 50mA, Filter (-)
—Il— 120kvp, 20mA Filter (+)

—@— 120kvp, 20mA,Filter (-)
—4— 135kvp, 20mA Filter (+)

Fig.4 Detection of simulated nodules at volunteer No.4
Bar: 95% confidence interval estimated by the two-way of analysis
of variance with repeated measure

7. HEMRSEMFETIE, 74 VEH Y OBEITKBIIRS 5%
NGB IR O 4 S IEME IS 12 T, [ 2 OBl 555
B ENBHELELNORDL, £, 7MY
BEIE L OBAIZIAST, [FOWHB SRR 5 | L
i N2 BIAHEINL 7=,

2. BHMUKSETIDESHAIEE (Fig.4, 5)
BUFSET 1| OBWRRIE, OTNOHEELETY BIFT
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72U, BEGASED 2 ORBWIRE R, BV 1 o RICHEA~
TﬁmL,ﬁﬂ,ﬁmﬁﬁf7{w9ﬁn®%Ain%
SRS ROEBALDHIT » 72, L LRAS, BRI,
&b, %ﬁﬁ%mmAif@mmArTWT74w5%ﬁ
mLTH, EHEERICIESTRMEIAEICE(T 2
(X do e,

z =

i, BAERDEOTEMER I & 2 EEROH
T, 2, TOFHRIEARTH ), B EDOERHE
INTVE, EOEREMIE, F0MTEICKE KT
LTWwah 7o, EHEBEEON EICIZENERFEETSH
5. BUE, MHEFRIBERR A LT3, MOERHMEEIC L 2%
POMAITENTVBED, ZOMREATHTH S LHH
HINTWEY, CTIZMEREAME R T OMH 2
BERTBY, EHERECTOEMM TLVWH#l* k¥ TE 5
FlExed L CERE~OIEHNRA SN TWEYY, |
PLENE, RETL O —XEZ I A5 121, #
DHHRGR A TELRYVBERT LI LN EING.

HEHECT THli 2 i 3 ABR ORI AN, BS54
B EIRERBRIEELTw s, |EEBOERIZT— 7L
REREE OB L VB SN2, BEOREIOD NS F
— T IVEBELERE 20mm/BA A L 2 b0, BE

FHE 9412 H25 H

Fig.5 Detection of simulated nodules at volunteer No.5
Bar: 95% confidence interval estimated by the two-way of analysis
of variance with repeated measure
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WIl, 2)ICTHEDEIFERICE VELZES, 710 %
DM E Y H45%NEL BDBDOHRTHEZE, 3) /AR
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LSRR, INLDOFE,S, IEER &
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REER, BRI TORNICEI-TRI T4 71285
B DFFAT %47 - 72

LRIDMET, FRAE20mMAT T, o, 71%
FRIMLTYH, SOmATT 4 &4 L Q{22 A~ THEH
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AL A Z 3oz, 72, Naidichb £, JBECTIC
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10mm AT OMfifE % FE 512 T & T 2 (Fig.s).
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Zllzky, HEgHEEEAT (A)

#30%, F70, BTG Fig.6 Lung cancer. 67/F
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A: Low-dose screening helical CT, B: thin slice CT
Low-dose screening helical CT performed at 120kVp, 20mA and the use of an additional filter de-
picts lung cancer measuring 10mm in diameter clearly.
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