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RV CT 34877 & X4 A T & BRI it 25 5 3 BE Y 2 i

AR, BEH, WE, EEAN BT, EE, A AER@m T

L PUNER ARV BEBEBUN B R 610041
2. PUJIREA A o R edi SRR, Rl 610041

WE: HW: HITEmA TGRSR R E, SR AR MR 5T 3R A PR 1
PRI AN TGRS, RS AN LR BRSEE TN &R S Jiik: AR
T7 B X £k /CT SUR, FBENL AT 15 AN 38 BER/NMR SR 457, SRR &
R AR R RO R R MR A T 4048, L3938 50 W ISR W] A9 N T A R kAT it 1A,
KH Pearson y? KU BY Fisher AfIHESR 5 LU & 20K R FEL ALK SR Kruskal-Wallis H
6 LB BA T . 450 O ARERELMET, A A FIAF] C XA R 5457 0k H 2%
TGl F25; A a B X +100 HU 515 R HE %, 70 kV (100%) 41T 120 kV (80% ) F1 140 kV
(80%) 41; A7 B % 3mm 53 HHZ, 70KV 41 (33.33%) &1 120kV (0% ) 1 140 kV
(0%) 41, ZRAgil¥E . @ %8 HEA N IR B &5 5 g, fhz, 5o
RN ERLG I HEE L FEBRISHNBEYERNERRAGRITEE L. @ A A 4 70kV
AREHE (64.44%) IKTAF B (80.00% ). MBIEZR (35.56%) T 2AF B (20.00%); 2w A
(IR B PE R T A F) B FIAE] C; 2a] B FAE C [k R AR IR R MR LS 2 257
ghit: N T REREINILSS TRl R BUE S CT FiFIERIEoe, SE5 Ak Al REMEET X, A
g A E] B fIAE] C BRI T AF A, SRR IR & 70 kVe 70 kV A1 100 kV,
KHEIR: Mg, N TRRE; R

DOI:10. 15953/ j. 1004-4140. 2021. 30. 04. 06 RENZES: TP18; R814 MHEIRERD: A

i 2 R B 0 R MAE T R S A (RS R, R 5 AR A R AR F
70% ~90% ', K Bl R B AT M 48 ™, il (R R R R R ) ke
Tt R IR R A A

Task, NT#RE (artificial intelligence, AD) AliBhiligh 2 Wbz 2N H Tl
PR, AR e e A B e B TS W AR RS RS B0 s R el T 48— A bR
MAEMRE, FEEZ R e A AR, GRS TAS . WBS5. AL 2
Wik e e A . BRAERORTIY K2 R IR T3 —AhoSr iy, g &, w2 R, mg
BoRMM, B R A, ST G R AR 80 KV, HLANHE KRl AT AW R 5. ASHT
U 15 ANANFME BT 45759 50 FASRIF R & 3 A AT R0l RGEAR S I A% Be =i,
B A AN FIVE R &5 AL R R e AT REE, RN AR AT REcfettin s
T& AT

ks HEA: 2021-04-29,
EE£WB: NWIHEETEAFIRIE (2020YFS0123).
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1 #ENERZE
1.1 HRMR

FRAE RN 5 1 IR X 26 /CT s CH AR AR R}% PH-1, R5F: 43 cm <48 cm, JH[H
2194 cm, HEZ 18kg), MW 1: 1 HALLHIET, PERENL A 15 AN RS FE RN
PRI ER T2 Y, & EA) . TL59EW, CT 94 +100 . —630 A1 —800 HU, Hpfjas
SR 5 FhEAR: 3+ 54 8+ 10 F1 12 mm.

(a) #5958 -630 HU, -800 HU (b) 54525 +100 HU. -630 HU
1 ARSI CT FH KGR

Fig.1 CT scan images of lung nodules with different densities

1.2 LEREREERZE

KA CT (uCT 780, RifgIcse) WAL THHE, Yol MM D 2K, %88
A4y 5 HFAHE, 0H0SE 1400 120, 100, 80 F1 70kV, HEZLE HLUR mAs fE A 200 mAs 75
£ 20mAs, [HIFE 20, L 10 0. BRAHRAE EIRMAIAN, KA B2,
Hra R R —E g Eoesk, DRIEASA S 45 A E —8, L 50 k. =
AZE Tmmy [AIFE L mm PN 0 HE e B CAiA7-400HU, %58 1800 HUD o« R I P Lk
BN =K AT AL RGERATISE WA, 2350 DR Rel T B . IR IR
oo HERBT R, (AL DA - RESE G HEP, SO Bl “ AR AL AF BRIATE C” EIR,
SHET XN KR .

1.3 EMIEHR

WRBEAN TR ] AT RGE BERERAAE iR, DR H (R s 45 3

PHESE 8 RPHMESS 8 AR 8, R AKX ER B R GBI | B

{5 SN RN e
Rt = ECPH RS 1 8/ b4 5 Ak

B PER = AR R/ AR S T R = 1 - RIJE
TEBHE R DL “AEBH PS5 35 %80/CT 7 RoR,  BIAE— UK CT F 3 BB M4 T o A 30

1.4 Fitan
[ SPSS 25. 0 et ff, Kt R A AR L, KM Pearson y* KiKok Fisher
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HaYIMER v P PE R LR Kruskal -Wallis H K s b /KA a=0.05 G » #5
ERASEE N, B TR LR, KH Bonferroni K IERIE KHE, BI a=0. 05/ 4%
W G o

2 #£R
2.1 AEZEE

ANFERESAMLE T, AR ARIAT C K AL RGN0 3 Flriss B S5 R R TS24 22 57
JNT] B AT +100 HU 4535 (ks %, 70kV (100%) ZHm T 120kV (80% ) « 140kV (80%) 4,

RO R N o HIEFE A E] B 19 AL BAFH BI85 15K, £HX6F +100 HU R4, &l
FHRIERE T0KV (K 1D,

K1 AFBERGETIEARR KV S AF TR H R0 28 e bt
Table 1 Analysis of the difference in the detection rate of nodules with
different densities under different kV conditions

+100 HU -630 HU ~800 HU
Aw EHRE/KY
B (%) 12 P RahiE (%) 2 P RiE (%) 2 P
140 80. 00 80. 00 40. 00
120 86. 67 80. 00 40. 00
A 100 80. 00 1.68  0.80 80. 00 0.00  1.00 40. 00 0.64 0.9
80 86. 67 80. 00 37.78
70 80. 00 80. 00 33.33
140 80. 00 80. 00 62. 22
120 80. 00 80. 00 62. 22
100 82. 22 1493 0.00 80. 00 0.00  1.00 60. 00 3.5 0.47
B 80 95. 56 80. 00 48.89
70 100. 00 80. 00 48. 89
70 vs 120 10.00  0.00
70 vs 140 10.00  0.00
140 80. 00 80. 00 75. 56
120 80. 00 80. 00 68. 89
c 100 80. 00 0.00  1.00 80. 00 0.89  0.93 73.33 8.61  0.07
80 80. 00 77.78 62. 22
70 80. 00 73. 33 60. 00

3 FhAS[F) 2 BE TR 251, R H R HAT S22 22 55 —800 HU 145715, Kt %A% T +100 HU
F-630 HU (45715 (R 2),

3 AT 800 HU &5 15 A R AT = 5, Ar] A (38.22%) KT AF B (56.44%)
AT C (68.00%), ZSFHAGIFREN; A BHAH CRHRELGEI ¥ LT =K
Xf =630 HU A1 +100 HU &5 45 R R TG T2 22 57 X TS LI E5 i &, Aw B AIA
" CHEREML T AAF A (R 2 AR 3),
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2 IRV EE G 2 (A H e 2 e A by
Table 2 Analysis of the difference in detection rate of nodules
with different densities

AL % E/HU Kot (%) Ve P{H
-800 38.22
+100 82. 67 126. 38 0. 000
A -630 80. 00
-800 vs +100 92.94 0. 000
-800 vs —-630 81.24 0. 000
=800 56. 44
+100 87.56 69. 45 0. 000
B =630 80. 00
-800 vs +100 59.79 0. 000
-800 vs -630 31. 80 0. 000
-800 68. 00
+100 80. 00 16. 30 0. 000
C -630 78.22
-800 vs +100 11.52 0. 001
-800 vs -630 11.52 0. 001

# 3 N FER S TEAN R A T (RS HH 28 1) 22 S v o0 i
Table 3 Analysis of the difference in the detection rate of nodules with different
densities among different companies

+100 HU -630 HU ~800 HU
N
P P P P 1= P

A

B 5.43 0.07 0.00 1.00 34.88 0.00

c
Avs B 12.89 0.00
Avs C 34,22 0.00
B vs C 5.35 0.02

2.2 FREKN

AFREHESAE T, AT AFAT CXAFER/NE IR H 2B gt % 7 A+ B
X 3mm &5 AR R R B gt 2B S, IR I, 3 mm 455K H FAE T0kV
2 (33.33%) T 120kV (0%). 140kV (0%) . #FREFAT B (1) AT B4l Bhitig5 5
RIS EFXE 3mm (45T, @BOERE 70KV FHEE (R D,

AFERANE TR R B A g #2257, AF A 4 H2: S5mn. 8mm> 10 mm,
12mm>3mm; A+ B &R HZ: Sumy 10mm>5mm. 12mm>3mm; 27 C 455 A H %
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8mm. 10mm, 12mm>5mm>3mme —NAFEX 3mm A/PNEIEE TR H R AEAL, HAH A TR
H BT A C, ZEFAG RS b 8mm g5 R R AR, H 3 AN AHE RIESE
St AT A XS 5 mm G5 A AR T AR B FIAFE] C; AW B AHIA T C X 10 mm 5715 (1)
R AT 2w Ay A CXF 12 mm £5735 (A 1AL T2 | A R H B (3R 5 IR 6).

R4 AFERANRIGEAEAT KV Z0F I R 22 7 b

Table 4 Analysis of the difference in the detection rate of nodules of
different sizes under different kV conditions

3 mm 5 mm 8 mm 10 mm 12 mm
A ik
/kV &?$ p K % = p (AR P AT P (AT P
% /% /% /% /%
140 3.70 96. 30 100. 00 66. 67 66. 67
120 11. 11 100. 00 100. 00 66. 67 66. 67
A 100 0. 00 0. 10 100.00  6.23 0.18 100.00  >0.05 66.67 >0.05 66.67  >0.05
80 11. 11 96. 30 100. 00 66. 67 66. 67
70 0. 00 88. 89 100. 00 66. 67 66. 67
140 0. 00 100. 00 100. 00 100. 00 70. 37
120 0. 00 96. 30 100. 00 100. 00 66. 67
100 3.70 0. 00 100.00 13.26 0.01 100.00  >0.05 96.30 >0.05 66.67  >0.05
B 80 25.93 81.48 100. 00 100. 00 66. 67
70 33.33 81.48 100. 00 100. 00 66. 67
70 vs 120 0.00
70 vs 140 0.00
140 0.00 92.59 100. 00 100. 00 100. 00
120 0.00 81.48 100. 00 100. 00 100. 00
C 100 0.00 88.89  8.61 0.07 100. 00 >0.05 100. 00 >0.05 100.00  >0.05
80 0.00 70. 37 100. 00 100. 00 96. 30
70 0.00 66. 67 92.59 100. 00 88. 89
K5 ARFRANGETTZ [k 10 72 ek oy #
Table 5 Analysis of the difference in detection rate of nodules
of different sizes
AH K/N/mm 2 P
5vs 8 0. 06
A 10 vs 12 0. 00 1. 00
8 vs 10 0.03
B 5 vs 12 6. 38 0.01
8 vs 10 2.02 0.16
C 8 vs 12 1. 00
10 vs 12 3.03 0. 08

e ARG Z WP, (BT HRI 2 EE RS, HRAGERYHAASIEE L (P <0.005,
Bonferroni VK IE & AL I KHED o
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R 6 ANFIKANFIGEHTAEANR] 22 7] 2 [l A6 4 0 22 S 0 A

Table 6 Analysis of the difference in the detection rate of nodules of different
sizes among different companies

3 mm 5 mm 8 mm 10 mm 12 mm
| - - - - -
R p RA L RHRE S Rl 2 p i g
(%) £ (%) * (%) (%) X (%) £
A 5.19 96. 30 100. 00 66. 67 66. 67

B 12.59 21.06 0.00 91.85 19.20 0.00 100.00 0.33 99.26 89.76 0.00 67.41 48.47 0.000

C 0.00 80. 00 98. 52 100. 00 97. 04
A vs B 5.33  0.02 17.16 0.00 44.70 0.00 0.90 0.02
Avs C 7.19  0.01 17.16 0.00 54.00 0.00 44.70 0.00
Bvs C 19.29  0.00 0.00 1.00 0.25 43.30 0.00

W WA A FZ PP, AFEINRSE TR AL ERW R : 3mn-AF A, AF B; 5mm-AF A; 8mm—2AH] A,
2wl By AFEC; 10 mm—AF] By AF C; 12 mm—A+ C.

2.3 REEFRBAMEER

RN A KGR S BERAANAR mAs (7], #HR BRTERE R gl
B 3RAFZM T0kV AU H R AR IR R fr g2 s, HRSERRAES A
L2 5. A A LE T0kV 2RI (64.44%) (KT /A7 B (80.00% ). fEBPESR
(35.56%) T AF B (20.00%), ZrHASHIFEN; AF B5AH CHHZFMEY]
PRI B2 27 (GR T MK 8D,

2.4 {ERPAMER

FAE SN AT mAs [AMEFHEER Z G023 X &5 s 4 ) PH P i 22 S
HAGFE . A A140kV 41 (3.89/CT) L5 80kV (6.44/CT). 70kV (6.89/CT) 41
BRHPER A 25, 120kV (4.22/CT) 45 70kV HH 2R, 140kV AR HEAL, 70kV
MM R e, 100 kV 415 H A4y 4 LG : %2R . /A B 100kV 41 (2/CT) 5 70,
80 FI 140kV #H (1/CT. 1.11/CT. 1.11/CT) MEBHMESRAG 225, 100kV 2045 BH M % &
#, TOKV AUEBHTE R B, 27 C 140kV 4] (1.33/CT) 45 70, 80 A1 100kV 41 (2/CT)
R PR 225 (R T,

SERNA S E R EAN R ARG g R, WL, A A
B P ME R T w] B RIA W C, ZRAGGI%E N, A7 BRHAH C I i2%%E
(R 8.

R BRI A R AR R, RIA W] A ol i s & 100kV; 2427 B
R CJ2 70kV,

3 itig

AR, N REAH B4 R 12320 B ] TR, i I — B e,  ANZ 3L
e S R 22 R, ARBEST R ER A R Lo oy BEE, AR, R
JH B8O TRV 1 mm J2 5K 43 T PG H e AR ™ 0 AR, A RS 3 mm 45745
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RT SnaBPER R B ERAEAR KV &1 PR

Table 7 Analysis of the difference of the false positive rate, detection rate and false
negative rate of various companies under different kV conditions

N B P Kol BPIbE%
Bl EEF R PR HiE, B
agen PO mimlE P % /% = P
140 3. 89 66. 67 33.33
120 4,22 70 kV 0.01 68. 89 31.11
A 100 4. 89 21.00 0.00 66. 67 33.33 0.71 0.95
80 6. 44 140 kV 0.02 68. 15 31.85
70 6. 89 140 kV 0. 00 64. 44 35. 56
140 1.11 100 kV 0.03 73.33 26. 67
120 1.44 72.59 27.41
B 100 2.00 15. 86 0. 00 73.33 26. 67 3.82 0.43
80 1.11 100 kV 0.01 79. 26 20. 74
70 1.00 100 kV 0.01 80. 00 20. 00
140 1.33 100 kV 0.01 78.52 21.48
120 1.44 76. 30 23.7
C 100 2.00 21.65 0. 00 77.78 22.22 3.85 0.43
80 2.00 140 kV 0.01 73.33 26. 67
70 2.00 140 kV 0.01 69. 63 30. 37

W SRA TR TER . R R AR, & A FIOE R R HETE: A F] A-100kV; W] B FIAH] C-70kV.,

® 8 AT ZIAEBATEAR S A A AR B E A ) 2= 5 S i

Table 8 Analysis of the difference in false positive rate, detection rate and false
negative rate among different companies

B BH % K, EErER
/\:‘l 1
a B 9y o e IR . .
CBEA /0T /%) /% X

5.27 66. 96 33. 04
1.33 96. 68 0. 00 75.70 24. 30 16.19 0. 00

¢ 1.76 75. 11 24. 89
Avs B <0.05 8. 14 0. 00
Avs C <0.05 0.83 0.37
Buvs C >0.05 3.86 0.05

e 3 Az A BEERLIR, JTE 10 kv A9t %R, P LLACELE: 70 kv 41, RBEIMERm T, 3
NS R 225, B KV AR TP, AR A 5AF By AR C 20, N HRRAMEA
et zEse; An B E5 AR C M, f R RHAES AR

RIS H AR LA O N 5T, S8 A F B AR B A A . TSR R, AT Atk
e 45 T IR, AR & FEORBUE FREMIAL AT RGHARVERE FIE ™. 3mm LU
S5 IR E S, AHBREAR 3mn EETT, B arfh R g Biga, A A
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ik 82.41%, Zaa] B FIZATE] C 43 HJE 89.63% A1 93.89%, Al RGN K MHEE T 451K iR
FZ W BT R R0, A s 1 L S0 90 77 B H A o

YT AT 3 AR 2 FE B LE Y, CT {E 4 —800 HU [ 4554 Hi % 0] AR T
SCAl PR, ] 8 H T R S AN B 5 35 B A e U BRAE, 3 —800HU 1 45 15 TRl FE B A
AWEGERANFER) AT AT E MRS RS, BT 8RS REREAN, nhes A T8
REMRITREE 2 S BEAY . B, ING B RN EA G, ARTFER AT A m ey AR Bkt
ITAWIAAL, LA BRSO AN BT R ok 53 AT B4R PERE, BRI ES RIZ iR
2o BUTTERRRSE B0 T HAR N BEERARRIEE N, Fe Wi 2 ik e .

AT RN, FEASEL CT FH AV N, 5 s S FELRLAE #5 A F X 1
(Y R RV B PE S T S5m0, X5 Bodelle ZE""MIRFSTES R —3, 75— & u M Ak
ARG A ) il 2 7 L PR RO MR A e, RS e KA & (as low as reasonably
achievable, ALARA) JiM, 7EIfIRSEEH KM AT RGAHIIRANGLE T, R T REfC
(PR ATR SE U CT Kooy (ARBFIUERAR AL & /2 TOkV~20mAs), LUARRARSZAG & 146
SR RS R I P MR AT, AN ST P B RH P 1 nT e SRUE TR
SR T A IR SR R I E IR 5 R 2, A E] A AN T C 3 R AR A U
NBPHMER X 0] BE SRR A E R, BBERR LRI, A SR R R A
Ko va] ASEARERRIR AT B FIAF] C K, wHeHIL AT BIL 2 20 eI R &
R B RR. A ER, Al REMIRFIMR & T2 WEN, £ T2k
I TS B P PR T 286 s 2w, B B AT A BRI S S A R L (s
BB B PESE . RIS AT RePRAC B 22, s G ANFI) AT RGRGR S &, 154
WEA AR EIE, Ad A -100kV, AH BAIZAT C -7T0kV.

A FAEAE LR P BRI TN SRR AE S SRR, W] DU 4l 2 1) A
i, HIETH BRI E KA Mg T 20 CT 94, Hds—3tRm, (Hixsififae
P HEM AL 2R, T 5E T i S i 45 A H R AR P AR A 18 ™ s ELBEALL ) Bk T i
SEATE LAY TEARIAEE, SRR A X

gi PR, AT GBS AN R BUE SRS T CT RVFM T AR E TS, %
AT RGAEARYERE S A5 HE U, 25 AT RGEAARIR AN AR B4 15 s A P 3,
AW AT By C I AL RGBT AR A, HEAEHIE BERML, 70k & H#r
CT ML Uk, 7RI IR SE B h 757 256 & DR 38 Zr AT I B 1k AR AL IR AT R 48 S FLAH
OB EESE il
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To Explore the Effect of CT Scan Dose on the
Efficacy of Artificial Intelligence in
Detecting Lung Nodules

WEN Deying', PAN Xuelin!, YAO Hui', LI Jijie?,
DENG Qiao’, TANG Lu*, WU Xit, SUN Jiayu”

1.Department of Radiology, West China Hospital, Sichuan University,
Chengdu 610041, China
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University, Chengdu 610041, China

Abstract: Objective: To explore the factors that affect the effectiveness of artificial intelligence systems in
detecting lung nodules, and strive to provide personalized scanning conditions and artificial intelligence systems
for nodules of different natures, and provide references for the appropriate scanning conditions of various artificial
intelligence systems. Methods: Standard adult male chest X-ray/CT image model, in which 15 simulated lung
nodules with different density and size are randomly distributed was scanned by different tube voltages and tube
current at a total of 50 times. The artificial intelligence systems of different companies are used to detect lung
nodules. The Pearson * test or Fisher exact probability method is used to compare the detection rate and false
negative rate of each group; the Kruskal-Wallis H test is used to compare the false positive rate. Results: (1) Under
different kV conditions, the detection rates of nodules of different densities and sizes of company A and C were
not statistically different; the detection rate of +100 nodules in company B is higher in the 70 kV (100%) group
than that in the 120 kV (80%) and 140 kV (80%) group; the detection rate of 3 mm nodules in company B was
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higher in the 70 kV group (33.33%) than in the 120 kV (0%) and 140 kV (0%) group. (2) There was no
significant difference in detection rate and false negative rate among different mAs in each kV group of the three
companies or each kV group. The difference in false positive rate among the kV groups was statistically
significant. (3) The detection rate of company A in the70 kV group (64.44%) is lower than that of company B
(80.00%), and the false negative rate (35.56 %) is higher than that of company B (20.00%); The false positive rate
of company A is higher than that of company B and company C. There is no statistical difference in the detection
rate, false negative rate, and false positive rate between company B and C. Conclusions: The sensitivity of
artificial intelligence-assisted lung nodule detection has nothing to do with the CT scan dose, but is related to the
nature of the nodule and the performance of the Al system. In this study, the overall performance of company B
and C is higher than that of company A, and the best scanning tube voltages are 70 kV, 70 kV, and 100 kV
respectively.

Keywords: lung nodules; artificial intelligence; image model
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