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HE

Hi: P45 AN TH B8 (Artificial intelligence, AI)ZE fitis5f Y2 244 £5 %5 (Sub-solid nodule, SSN) CTE &2 Wi
H R RE, A AT ALK A Rl B A ) 3 ] B8 ) KR ISIRISHHE, A R BN S MRt R S AR 3
Jrik: BB HT20194E1 A ~20254E5 T RETIL R ERE IS 280FISSNBE TR, UFRRESL
FoNEhrdE, BABRALEMN oM I S g R, WEBEATRME S ALEME R BAE + AR
ERAF=H, WBR=HNaE R4S (Pure ground glass nodule, pGGN). #5432#E 4535 (Partial solid
nodules, PSN) X A FREER F) R BHAHE R, Gt =4Hi2Wee; #idKappat it =45
SFMER—BUE, BHEMTALR AT FRE. IRSHROISHE, &S REGRCEREESR. EF:
AR F X pGGN. PSNHICTEMGAZKERE. FRE. SRENR T ATREMEAR, B4 + AIB
ER LR A= HBN; ALY A X pGGN. PSN R &M H 45 R 5EFARRE SR dE— B 8T
(Kappaff =0.846. 0.828, P<0.01), A THMYF—B M —M (Kappald =0.412. 0.400, P<0.01),
B4 + AIBEAH F—B &L (Kappafs =0.915. 0.902, P<0.01). AN ASE PRRER A4 (Atypical
adenomatous hyperplasia, AAH) [#)3d BE 2 Wi % #1218 iR % (Microinvasive adenocarcinoma, MIA) 5%
78 IR (Invasive adenocarcinoma, IAC) K1 & F R 2 A X ERISREL, RBBRHIZA5%, BRI
N ALBERBREEREIESE; ATRARZRCEREEETERERER . WHET RAMRFER
HARE. & HETHRANWATRAETN, AVBBIEARBRIHEMRA SN, BAE +AIBREGHRA
BRAIRRERRN AR, WTEERASEHER M. AESSNIRE TR J R ZE—E RRH, HiEek
S EAVIHRREY, WRMAFRE S AL BITEE AN, ZBR T A RHE T AT SSNH: 5
A Wik AL E ZE B ME.
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Abstract

Objective: To evaluate the effectiveness of artificial intelligence (Al) in CT image diagnosis of sub-
solid nodules (SSN) of the lung, and analyze the ability of Al to distinguish different pathological
subtypes and the characteristics of misdiagnosis and missed diagnosis, so as to provide a more ac-
curate reference for clinical auxiliary diagnosis. Methods: The data of 280 patients with SSN who
were treated in Tianjin Beichen Hospital from January 2019 to May 2025 were retrospectively an-
alyzed. Taking the surgical and pathological results as the gold standard, it was clear that Al indi-
vidual film reading was the algorithm to independently output the diagnostic results. Three groups
were set up, including manual individual film reading, Al individual film reading, and doctor + Al
joint film reading. The effects of the three groups on pure ground glass nodules (pGGN), partial solid
nodules were compared (PSN) and the benign and malignant detection results of different patho-
logical subtypes, and the diagnostic efficacy of the three groups was statistically analyzed. The con-
sistency between the three groups and the gold standard was evaluated by the Kappa test. The char-
acteristics of misdiagnosed and missed cases of Al and manual film reading were qualitatively ana-
lyzed, and the conclusion was supported by typical misdiagnosed images. Results: The accuracy,
specificity and sensitivity of Al alone in the interpretation of CT images of pGGN and PSN were
higher than those of manual reading alone. The diagnostic efficiency of doctor + Al combined read-
ing was the best in the three groups (P < 0.01). The consistency of manual individual film reading
was general (Kappa value = 0.412, 0.400, P < 0.01). The consistency of doctor + Al joint film reading
was the best (Kappa = 0.915, 0.902, P < 0.01). Al overdiagnosis of atypical adenomatous hyperplasia
(Aah) and microinvasive adenocarcinoma (MIA) and invasive adenocarcinoma, IAC) was the main
misdiagnosis type, and the missed cases were about 5%, which was mainly caused by the small le-
sion, special location and low density; The high rate of missed diagnosis and misdiagnosis in manual
film reading is mainly due to the difference of subjective experience, visual fatigue and insufficient
recognition of subtle features. Conclusion: Compared with the traditional manual film reading
method, Al-assisted technology shows better diagnostic efficiency, and the doctor + Al joint film
reading is more in line with the clinical application scenario, which can significantly improve the
diagnostic accuracy. Al has certain limitations in the identification of SSN pathological subtypes. Its
misdiagnosis and missed diagnosis have clear characteristics. In clinical application, it needs to be
combined with manual film reading for comprehensive judgment. This technology can provide im-
portant auxiliary value for radiologists to judge the nature of SSN.
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Fimar P CT N ULKACHE CT A i J, vl DUs I BB a2, RRy7 B B4 il 3 A
175, 16 CT EIfg b, WSz Rifigh 15 (sub-solid nodule, SSN)5E SN ELFE 3 em K LA R BB AN, 4
T RS 2 . R 58 A HE 5 L NI TE I S R S M B R o AR L PN TR SRV Loy 43 o Al B R
¥ (pureground-glass nodules, pGGN) A #i 4y Sz 4 45 7 (part-solid nodules, PSN) [3] [4]. FE#E 18 £ H A K
MR FE, SSN (AL th 2 B 5w, HUbFEN, BUNRIE AR TR, BAE—EMiR2EMFRESE.
SSN [l it iy s PR 457, HomsE AR %, R AN ML AR AR ARG A (AAH) . JEAT IR (AIS) T
T (MIA) JOZ i M R (AC)SE, AR RIRTT 5 ST G 25 8%, iSRG Ri2y 2 0HE
B ATeAEsR, N TR R AR TE il 41 O A A B B . ARk, i N T REBORTE M4
TEOE A AT N, NP U R AR RS W LR SR AL ORISR . A LRI B 3 BT 2019 4F 1 H~2025
fE 5 H RET RTS8 bR BE B U BHE2 1 280 5] SSN i, S AT Al A B4 +
Al A B A =215 R 77 U2 aee, A AL AN R BT B ) S 3 8 77, JF e PEER T AL RN T B
fiRie. IWi2ER, 256 MR EIEIEIE, BER Al EORTERPR I & B AL 5T A I IRk, 52 m e
BHE Tt SSN (2K T

2. MM5EFHE
2.1. RMR

AW C RGBS TS i ikt . 0 BISR A AL B R I A 52 202 Bafi2 e SSN 3 K&
78 5] 1% SSN A M CT. Horh 554 187 #il, 2otk 93 #i], 354714 59.23 £7.18 %, AWK 5L 237 #l.,
202 i B PP pGGN. PSN 3% 4% 101 7. SR BRI AV HE AAH 12 %1, AIS 35 ). MIA 48 {1,
IAC 107 5; 78 I 14 SSN 357, pGGN. PSN f# % 39 7, FRHEIEAN A PELETT . Mk, &
PEAEE TSR INFRE: (1) FFAIE AT I2WbRE[S] [6]. (2) Filk > 18 . (3) Lefiligs 194 flEk
FARUIGHEBZ. (4) IWRTTRIE 8. HEERbrE: (1) MR, (2) 5 FAEMER L. (3)
A RIS MR AR

22. B&RE

B IBNENM, SR B uCT960 + BRFE [+ 64 HFZE CT LTI AR BF AU AT IR ) & g
e CT 14, JaEMIEA D RIRE. S5 E: Bk 120kv, FHRAENZLM, BiE: 13751,
FZE K ZEFEYA 5 mm, FEFE 512 x 512, FH#HLEF(CFOV) 363 mm, #4348 5 (1 )5 46 G e H 4
JZJE 1 mm (¥ 3# Z il & EIE ) DICOM Hdfs (i : %% 1500 HU, %tz 600 HU; ARGE : %% 350 HU,
A7 40 HUYEHZE PACS TAESSAT Al %iBh R4 .

2.3. BgSHRIARTE

AT E =B U7 A AE L, (RIS E RAMSLEATAT ek . (1) AL B 2 >R
IR E=)T Dr. Wise®AI B4 B2 W 248, HIAETIRESAIMZ R 245K 3D BRMLM L, il
1EXf SSN AR CT B RAE S (73 HHIE S BRI\ B2 137 55 ) (5 5 0 BT, S 71X 4535 73 FEM B, 475 SSN
BIEBER > 70%, 1ZZ52WOBIE7]. (2) AN THME A H: t 2 4 B4 5 F U ETARZSRIBUNF
FiRERNN, S OME5T2E  E L 53R (2024 4ERR)) [8IMOG2WbeE, i 0UE X B M CT i#
JEEE(ZE 1.0 mm)BEAT R, JREEE AL FHBIR TSR B DL SIS B B4R, X SSN TR
BAEBATER G P, A WAL A RA B, W EREM R, HEEER 8, WAdiEthA2%
AVERTEER . 3) BB +AVBRE A4l b 2 HUN R R ERITFE S5 AL BB A 1045 R (A5 45
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SENL ROBIERIWT BERER RARE ) S, 455 CT MR a5 s Sl sk A 45 2, X SSN R&
PEREAT SR & P, R —ZUn iy BB T A 0 0 i 2512 W

24. G FEH*

AHF TR SPSS25.0 W AHKHHE AT Guit- 2250 M o 3 PR BAE FH R OTAR S, THEPTRIDL y 25 R,
THEEER ISR R . R A Kappa K36 PPl =20 B v 7 SR EE S hn s Wi gt 2 I 1 — 3%, Kappa
i >0.8 N—EEIF, 0.6~0.79 A—FPEEisF, 0.4~059 N—Ftk—f, <0.4 N—FHE%, 2HlitE
XS A N SV il Y B AN R B RS W R AR R L RS R R, LRI R R, 4 P <0.05 B
BTSRRI Al XN TR A RS IRIZWREIT e i, ags e R, ki g
Wiz, WIZWBIE CT BT BRIk .

3. &R
3.1. =LA F*F SSN {5 R T ISEREEL B

Al B Fr %t pGGNLPSN MRS HH 2R 43 51 A 95.0%-96.0%, A T BBk ) Fi 3 51y 74.3%.73.3%,
A + AL BA B 0508 98.0%. 98.1%, —ZH[AILLI 2 7 IH Giil %5 (P <0.05), =4 +Al Bea i
FrOLIRERA S . BB . RS RER N SR, AL B A TN T A, W 1L 2,

Table 1. Diagnostic efficacy of three groups of film reading methods for malignant pGGN (%, n/n)
F 1. ZHFA R/ ARITEM pGGN KIS HiEEE(%, n/n)

)y 75 = TR REUE e 5 Kappa P1H
N TSl 73.6 (103/140) 74.3 (75/101) 71.8 (28/39) 0.412 <0.01
Al S 92.1 (129/140) 95.0 (96/101) 94.8 (37/39) 0.846 <0.01
EA + AlBER A 97.9 (137/140) 98.0 (99/101) 97.4 (38/39) 0.915 <0.01
e 35.26 32.15 12.38
P{H <0.05 <0.05 <0.01
Table 2. diagnostic efficacy of three groups of film reading methods for malignant PSN (%, n/n)
%= 2. ZHRFA R/ RITEM PSN BIISEIRIEE (%, n/n)
e A 77 5 WEE REE RERE Kappa P fH
N TSl F 72.9 (102/140) 73.3 (74/101) 71.8 (28/39) 0.400 <0.01
Al U By 92.9 (130/140) 93.1 (94/101) 92.3 (36/39) 0.828 <0.01
A + AL BEG A 97.1 (136/140) 98.1 (99/101) 94.9 (37/39) 0.902 <0.01
E 38.52 30.42 8.65
P{H <0.05 <0.05 <0.01

3.2. Al BFE ¥ SSN FAEIRIE TR A K RRN

A G B R AS [ 975 BT TR (A H S S AP AR B R 22 5 X6 LAC TG HE 2 15 151 (99.1%, 106/107), X%if
MIA [P H %y 93.8% (45/48), X AIS K H %N 88.6% (31/35), X AAH HIH: HI %A 75.0% (9/12). Al
FIR 2B £ EE T T AAH T2 & MIA 5 1AC £ 51w Z: 12 6] AAH /1, 3 B4 Al A MIA,
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BVEREAR AL Y 72%~85%; 48 Bl MIA th, 2 iR FI08 IAC, 141 IAC #iRFI8 MIA; & AIS iR
NIRRT L. BARRE, Al SHRIE TR (MIA, |AC) ) % A HER T = T 50 R A (AAH, AIS), Xt
AAH I L o EE AR SRR,

3.3. ALBEREFIRSRSHED T

N L B 3R 12 % % SSN 27 f7l(pGGN 26 . PSN 27 #), =12 K% SSN 11 7, BiAiRi2IRiE
R E T AL o H R BR A PR EIRE v (1) URAE SR BIA L 15 Bl S BIAEE %
ooyt BRIAE, ERAESRARA, NTRFRED, HPLlpGGN NE. (2) M S5iFER Sin%E:
8 R IZ BN Z K SSN, N T Fr iRt = L A 5, 80 T IR LM NS k. (3) EMAL 2 5
11 BHRIZIEEI 7 6 R AR AR BT AN S8 R VR S5 AR AR 2, R AN, 4 BRI % e i
WA S S I PR DR 22, %o B A 9% A 51 i H ST e

3.4. BBRCKISEREIE

1) Afili LAl EAEZ) 3 mm pGGN (LA 1), SiEREES, RIWNPAREZEIIEY, AR
PALE(A, B, #7ks B, JdIRGL, #iKk).

A

Figure 1. Typical image of Al missed diagnosis
E 1. Al wigBAEIg

2) Al ErFEAZ 6 mm ) pGGN (WL 2), TERHEAHER, Al HE N MIA, EYEER 78%, 54
JRHEAESZ N AAH (A, #ifz, #ik: B, ®IRAL, #ik).

Figure 2. Typical images of Al misdiagnosis
2. AlRIZEBIE &

3) Aifilirh - EARZ) 7 mm pGGN (WLIA] 3), W& FEM R A d, N T3 A iR AR (A, L, ks
B, JeIRGL, k).
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¥ i)

Figure 3. Typical images of misdiagnosis in manual film reading
3. ALARAIRISHEIER

4. 71ig

FEH G, iR S BRSO AL T e E R, REWIERIEA IR, ik, FRR
GiVERITH A, SCELE IR 2 WS BT, O SoRE d R SR T SR A R E[9] » Fleischner
42 Jifi 50 10 S 4 45 715 (sub-solid nodule, SSN) U 2% 58 SR —Fh B AT AR S e B il 485711, sk
YRR NTE CT Bl b o] DA 26 3008 sl MU S5 A I RAAR . SSN RGP 2 B8 28 o2 1 512 1k 45 74 (solid
nodule, SN) [10] [11], iE4EK, BEEMRZCWE AR E SHLD, tHEVKZA8CT)REIER A, 7]
HEEM., WA AE AL EH RN R SRS, SR RS 52T g o B, LFE
K, 358 TACHIE CT i i) iz B FH[12] [13], 8ok 2 1) 5L 30 Moo i 10 £ 52 A8 1 2R I S S Ml 28549
M#R5AI[14] [15].

MRTREE TAER H A, R X 85 AR PP AEE — B IRIZ 5 iR 12 M. TEART T
Rt SSN AR, B + Al BRA B 4z Wiakme v =4, —8MEWRIF K, IEET Al HARTE
SSN Wi A BhinE, RN TR MIRKSRS Al RSN S, RESEl 1 + 1 > 2 2L
R, N FFK TR R RLIFIZER[16] [17]. N TR REH A 5 3 2 5T #1485 % 2] (machine learning, ML) 5
IRBES: 2] (deep learning, DL)&YZE, @i v EHUAR AR B I BUSE G650 o 0 RRAE . 05 BT IR0
2, AR MR 77 30, AW ] B2 AN 2K B IRRIE, TERCT SRS Wi e (18], MiE 2, Al
FEARARFCIR P 2 2] RERG TSR U &5 15 A% P A 22 W0 B IO SOWARFAE [19] [20], TS RBHE TR 15 = &
IGIRZLE, AT IE Al BN RIS R, R AL TR S IORFRO B . M kE, BRIl Al
CWIR AAH, BTG T Be 23 FIRIRIZINIZ 2, O I IR S5 2 S FIANME 1 B B

WFIT R I AL KT SSN A [] 55 #0145 7 e U AFE(E 22 57, W2l = 242 b T AAH B2 121 ) MIA
5 IAC M%mZE, ZE5 R AIRKM A Al St T EE S %, AL X IAC B H 24208 100%, K IAC H
IR, BRI MANENE CT iR, S ERE ARG 17 AAH 1B vl a7 3k AE, CT {RIA
AR RS, THEBMIESR, 5 RMERVEBBIELS T K& AIS MELLX 73, 02 5035060 1T 00 48 1 41k
PRI SR R 58 3, 0 RT3 S 1R AR IE U AN 2 AL B 3L 28 MIA. MIA 5
IAC %z, EZFEFSY MIA /b B 558 1AC (1) CT RILES, Al XSt pisy Hofil &
12 8 HEAFAE F P WORE v B AN N T B, TR AT & & 45 AR KOl . SEME i TR S S I RS B 4554
Wy, IX IR B RBE S A A E B R R . Ak, AL SR B ALS 3R AR M B L, BB AIS
1 RAERHE R B A — e s, fef SolEfid BEi2yT .

AR Al FITRIE L 5%, IWiSW OB WBRENE, ZOoFEREERE = —RRERK
& <5 mm BRHERE S, ALRHESREUE VLM LA ROR S, 10 AR N A I i [ R BR s —
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LT A S I AL Fi]55 5 MR R AL, S i B ZUER, Al & SIEEE LSS
FIHHRE R B R BB S 5 IR A CT (EZE R/ AR, Al ELAX 7> —#F 7%=
5 HFENRMESE. Al R EE) AAH B FE2 W, BRI AR E R & 4h, 8 5 ZREE 4R
R, H AT ZREEE B PS5 G B, RAVEATHOR AR A B R AL, SESEXT AAH HIRFIE
PONAFAE 22 BVEREZR VAl i, (RIS AL RN GE ST A RE L R AR08 S IR S0 S5 i IR A5 R R AT 70
B, MRS M EE R

NI HPB 7 5 AR e — BE OO — BUKT, IRZIRIZREE T AL OUET WP R KA
FHEREE I RBRYE: —R—AFRBEITE SSN MR e 2 R, WAMBIERKIFIMA WZE, FHRE
Uil R RS T A E Dy, BRIRER AT 8 PR I ARG R OB R ks RSO LR T H R AR
Ko KIFEGE T 5 AN D7, X2 R RIRUNMELL . AR RIEE AL, #Hi BRI,
NI 2 L B S AR AR P A AR B BE I B, ToVA R Al —FESREL 2 4E i AL
fiE, AR S FIT By MBS iR DU #870 R 0 By 3o 3 2 R R B RO S bRl i S S I PRI 2, %
RPESE T F BRI, SRR E . AW A€ RRIRYE, — 5, B R R PR 2 X BT TT L
R €W ZE; U5, FESERRImR S R, TR R, DU AR 5T S R,
HOKS SSN [t AW il — e R . Gl RS AR Al SiR SRR A L5 5 E SSN R L H
EUR#E 77, AR N0 A (D035 3 BEARIUAE W] DAPRSd A th DA K 25t RRR R K P, A3 R0 1 U R =
SR TAE A, B RRE T eWrsER, IF Hisid S B R LR I AT SE UG RRAE X A, A B U
BHEITE fE . AR T BRIGRIZE LIRS E . A Al HRA B T BRAR D B2 I ) 1) E AW 2 . AN FESAR
WA R MG 5T B 22 5 DL B SSN S5 P 25 07 THI s SR Fr) B2 i

SR, R AL SRR RS U C USR5 LR, H AT A5 1 i B 0t — D vk . LR B
FA AVERIAEBRST N IR AT W1 B & TR FAPESE R AT I, JURE RS e S B b
s [21], (RIS BON BHER TR 45 & B S B RR & TAF L i e iz i, 25 EPrd, @5l
WrE AR AR S Al BORFBIZE, X SSN IIZWrRILI B i gi A thae, HEahs, RBUE. R
FEM T AL R, 5 FAREIZ WS RAA B — k. ik, AT T Al BORTE SSN IR
RLF P EEE, AE H R BEE KB R AL AR AL T, AL SRS DU PRI, Rk
KT SSN 1) Al BT FURHFERIR N, (IS RIS 255 Al FliB R G RHZ I T, R — D St e e
TARRRU LS Wb, s 2 il 3 4 IV I iz i L
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