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Abstract

Objective: To summarize the application value and latest research progress of intraoperative frozen
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section (FS) in the surgical treatment of pulmonary nodules. Methods: By analyzing relevant domestic
and international literature in recent years, this paper reviewed the advantages, development history,
limitations, and future directions of intraoperative frozen section in determining the benign or malig-
nant nature of pulmonary nodules, assessing the invasion degree of lung adenocarcinoma, and guiding
surgical modalities. Results: Intraoperative frozen section boasts advantages such as rapid diagnosis,
real-time capability, and fewer complications. Its diagnostic results show high consistency with final
paraffin pathology and play a pivotal role in selecting surgical approaches (sublobar resection vs. lo-
bectomy) for early-stage lung adenocarcinoma. However, limitations still exist in identifying high-risk
pathological subtypes (e.g., micropapillary, solid patterns). Conclusion: Intraoperative frozen section
is a vital tool for the precise surgical treatment of pulmonary nodules. Future integration with imaging,
molecular pathology, and artificial intelligence is expected to overcome current limitations and achieve
more individualized surgical treatment.

Keywords

Intraoperative Frozen Section, Pulmonary Nodules, Lung Adenocarcinoma, Surgical Treatment,
Sublobar Resection

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 518

Jiri e A2 B [ I R AN SET 2 3 85 S i B R Rk iR -2 — 1] Bl f RE A 0 B R AT B iE CT fifi
BHIZ N, SRS R R AR T i, A i Oy R B AR AL (2] xRSk, BE
B RIRZ . RZMERIGTT, XERARERD A B BRI, DR MZhEE . SeE AR Ja 2B i
o B, ArRs eI WS S R B PO R RS TR, CRON TSR I E T A

FEZ AR ORI PEAG 7732, AR oK i BEAG A (LA T AR “ AR KR )R R E AR R
HAROURE G R, CHONTE SIS TR RSR N E B 2 —[3] [4]. Rl RAEBBESLE T oStk
L5791 R AR A AN SRR AL AR B R, R KR T O R B AT AT DD B BT DR B itk LR 4 A B
MG B AT R o ASCEE AT AR OCHIT TRk, R TR R S 45 T T AR LR BEAT R G 45
®.

2. RPKFESMETHFRBTHEZRATRE

Wi PR P T Fi 5755 PR R SO IPAY 7 U BRI R TR AP . 2B o s . SOUE B
S AR VKR UL R B2 W [3] [4]. SORRT R SGCUE BRI AR L, AR KR B DIBR AR A
BEATR A A, R IOPE I IR GRS, HRAG SIS, IR GRS . 5 B aliiogor
AR APPAS A L, AR UKIR S ARG A B K — Bk 5 vy, eSS B AR AR U B SR AR
11 B B SRR B S AR R ERSOR B EED DL SRS T, AR A KR FE I PR TR S 3705 1) £
OAWREBRZINE R . PWH KPR, 7T LR HAE It 2y = A T2 B AP B iR
TSR FL I PR AL 14 2528 5 N7 T IZ R R AL -

2.1. NREMERRE % E IRk
FLIAR A oK R 1 2 A AR DX Bl 4515 AR, DR SR h g R B ik —BAT il P0 kR . 1995 4 [F

DOI: 10.12677/acm.2026.1662188 9 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1662188
http://creativecommons.org/licenses/by/4.0/

WTE, B

B i N BEH LA IR 3 (LCSG821) 45 A SE, % TSI/ e =6, Il DR A3 b AR K[ 5] 7ELE
HRT, RPUKEREIE T ZAADAERE BN RVESETY, 8GR 2 A Z RS- DIk, AT KA
JE PR B It Zh e«

2.2. BT IR RAEENFRREK

2011 4, [EBRAREEE A BRINIFIR S 2 6 E R B G 3 H T Il i B R B 72K 6], 4% IRIZ
TEFE P Tl i o0 DRI A 28 L R i e R T P i o v, IR BT 78 B A B R R 1 A
(AAH)FI AL IR (AIS) . REAERF LRI, AAH. AIS RGIR i IR B (e Wi VIkk i, s
SE RS M UIBRARIE SRR 5 I E KA TIA 100% [7][8]. Rk, X F Uk, IRk
O ARAE A RN A B R E I DR DU BRI B DI R EUBUE VIR, — MR TAT KRG AT
H.

W 5 T 8 O A D B, AR HR KRR b B A ) RS ,  J IE 0 I e R T AR B PR A, JF
BE— B R i U] B S DI BR AR B, iy I i A AL T T 1) B R SR

2.3. RESERERIN “3.0 HA”

AR, AR ORER R RLHT FAREE— A0 4 i 2 R0 R i P e ) v S T B A, Al Sk, sk
R BORIRARER . IR AU IR SO BRI . IR FAFAE 5 R 5 R XU T
REVIMR, EARPREMAEN U, G BT HE— D ARAAR UGk 5 Stk A5 AL PR SR

SR, AR UK e 2 R R E — s XESE . Yeh SE[OIWF SR I, R IKE SRR
W B 2 B A R L) — SR AC 68%, WIS (Al —EUTELI N 64%, HRNIZBARTERS 4l 2
IR HATAFAE SR BR o BRIE, A o KR A I AR L i 2 2 1K) I P AT A 4 WA Jl g 79, 4 L Al
Bhik P AT o

3. RPKFIESMESTHFRGTHRMRMYE

FUER P UKRTEM T F ARG B EEANME, EIL W R0 VAR, fl R, i
[ B ) B BRI 2 30 2 2 PR R, SR G A B 45 S AN e e 4 — 3. JUILTE I i i R
FIW T, ARAPUKGEHER R LN 84.4%~92.0% [9]; BIMEE AAH. AIS F2 MIA &350 07, Hrkaf R il
2179 96% [10]. DAL, WGAR EAAEAERS 7 B AR S REEAR P IKIRG R “HH” o, Muri4ers +
XoF TR ERGE FOMRIE M 0 R, AT R I DI + RG], DUk xR AL
BATERRDIRR, ERERRS, o REEZ T )Y KB VIBREAR G 5HBhaTT . miEsMEFF AR
KGN FEMLIA R, EXFE I DIBRIE RV AAEL B, R UKiFIR AAHL AIS & MIA Al BE— &
FREE Ui TR A5 AR LS “I1E” s, B H B SR SE BEHL DI BR I A — i R 45 B8 i SR B8 2 U A
G0 R SR R I PATE 2021 A5/ [P RF 78 2o, 192 IR KR ZIBEA AAHIAISIMIA, A J& 7 BT
G R M e () R B AR YIRS, 5 AR E R AAFHAN 6 A AR AR 100% [12]. RpAEEZD
W BB T IR KGRI R ERBETT, HIETYRAF, X — ATE 2022 T IR B
BT HE[0]. HEZ, X TAREREBAR PGSR “TR” WSR2 AL, Bkt
B R ENTRERAMEEH, RGWETHG G I FHE R T, BT EAR R ST ERPEA .
2 T O PRI HE P DA B IE e REAT 4R R AT 7T

UbAh, SETALT R B FANE . W B B S A A A T, R OKER IR TR, R
SRS TRARXT G I A R B Be i B AR K . R AR YAl 38R B AR A AR BRI (1 22 57, AT Re s AR R oK

DOI: 10.12677/acm.2026.1662188 10 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662188

WTE, B

VR EOVEERA IR AN R AR 2 R o PRI, AR oK ORISR th kSR B2 TR, B NEE & AR BT
BB WD RERZS SR P SEBR 5 OL 43 & 1 -

4. RKKRTE

B2 BOAMEMS AR AR L AR R T BB BB W (0 R R, AR P UK 75 I 5 5 R v o7 o 10 52
BT W8 AT M BAR LA 7 T E— S SR I RN 8

B, Ik AR A p K o i R SRR L e L R R B T, R B AR ALk
AL SEPE RIS R A, AT R . IR, TS RATER CT. S, ARMLIE KL
BN STRAT, IS R ME AT SRS AT, AR bk B R I B LA TR B [13] [14]. UEAP,
O TR A A MR R AR R TR, TR A SR 4R T AR LI I BoR B 4%

BRTI S, ARAPUKG T EI « REBMAE TR BB RIEN “RAEFI LB, IR
L IEAERWTR G o 0 AEARAE R 2 22 A VE I IR, 38— B e BEEIRR . AR A IR L8 Ak 380 5 S 300 Sk
HERIAAAIRTT R4 SR TE I T 1]
5. &5

gx ERTR, R OKEE YR R A AN 255 F ARG YT T B HEIGIRME, o FAE I 251 R
VA it B R R P A4 5 it B T BN R o Bt i 45 1A tH B3R R b oA A L A it e 1 RHG
SRR AW E R, AR oK e Bl 45 1R HE TR YT h gk sl R I SR .

E5RIE,  FLAEAR G TG0 5 P B AL EE SRS L o i S R A (TR B 7 DA B 75 AT s gt
BRI . RJFRE XTI, RELZEENY. 250, SIEMUEIE. K
KA G RAR . R M N TR RS 245 8, R ok B1E 45 ks U A RHG T dh R 15 5 K1
WHE, BlananfiT A8 G RETHZE CT BB ERHE . AR YIRS 5 DL UK s B Her 00 1
1%, PR S S EEE NS BE RS ARSI RS, DASEit iR A L3 26 IR 5 & G
RN RE X s BCE TR KRB 2 mE b, BB 5INEET PCR 439 B — AR I 7 (NGS) Fr) bk 25 [F 9 A%
Rl (a0 EGFR. ALK %), 7E 30 7382 1 /NN 58 BGEE [m) Ve I 7 SURVE T2 s, AT T RRZI 9K
DB EA A E SR IR B 2 o0 BSOS, B AN R B R SRR ER T ), WS —
ANIAR . FTERAE) “ IRFRY BCCANFRIBIT 7 B IR AURS IR 2 BB AT FRA T — DR R R 5T

SE K

[1] Zheng, R.S., Chen, R., Han, B.F., et al. (2024) Cancer Incidence and Mortality in China, 2022. Chinese Journal of
Oncology, 46, 221-231.

[2] ZHE4, @ RERMSSISHESEIUR Rt ED]. .ot s Rk &, 2019, 35(9): 566-572.

[3] Liu, S.,Wang, R., Zhang, Y., Li, Y., Cheng, C., Pan, Y., et al. (2016) Precise Diagnosis of Intraoperative Frozen Section
Is an Effective Method to Guide Resection Strategy for Peripheral Small-Sized Lung Adenocarcinoma. Journal of Clin-
ical Oncology, 34, 307-313. https://doi.org/10.1200/jc0.2015.63.4907

[4] Huang, K., Ko, P., Yao, C., Hsu, C., Fang, H., Tu, C., et al. (2017) Inaccuracy of Lung Adenocarcinoma Subtyping Using
Preoperative Biopsy Specimens. The Journal of Thoracic and Cardiovascular Surgery, 154, 332-339.el.
https://doi.org/10.1016/j.jtcvs.2017.02.059

[5] Ginsberg, R.J. and Rubinstein, L.V. (1995) Randomized Trial of Lobectomy versus Limited Resection for T1 NO Non-
Small Cell Lung Cancer. The Annals of Thoracic Surgery, 60, 615-623. https://doi.org/10.1016/0003-4975(95)00537-u

[6] Travis, W.D., Brambilla, E., Noguchi, M., Nicholson, A.G., Geisinger, K.R., Yatabe, Y., et al. (2011) International
Association for the Study of Lung Cancer/American Thoracic Society/European Respiratory Society International Mul-
tidisciplinary Classification of Lung Adenocarcinoma. Journal of Thoracic Oncology, 6, 244-285.
https://doi.org/10.1097/jt0.0b013e318206a221

DOI: 10.12677/acm.2026.1662188 11 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662188
https://doi.org/10.1200/jco.2015.63.4907
https://doi.org/10.1016/j.jtcvs.2017.02.059
https://doi.org/10.1016/0003-4975(95)00537-u
https://doi.org/10.1097/jto.0b013e318206a221

WTE, B

(7]
(8]

[°]

[10]

[11]

[12]

[13]

[14]

Zhang, Y., Fu, F. and Chen, H. (2020) Management of Ground-Glass Opacities in the Lung Cancer Spectrum. The Annals
of Thoracic Surgery, 110, 1796-1804. https://doi.org/10.1016/j.athoracsur.2020.04.094

Ishida, H., Shimizu, Y., Sakaguchi, H., Nitanda, H., Kaneko, K., Yamazaki, N., et al. (2019) Distinctive Clinicopatho-
logical Features of Adenocarcinoma in Situ and Minimally Invasive Adenocarcinoma of the Lung: A Retrospective Study.
Lung Cancer, 129, 16-21. https://doi.org/10.1016/j.lungcan.2018.12.020

Yeh, Y., Nitadori, J., Kadota, K., Yoshizawa, A., Rekhtman, N., Moreira, A.L., et al. (2015) Using Frozen Section to
Identify Histological Patterns in Stage | Lung Adenocarcinoma of <3 cm: Accuracy and Interobserver Agreement. Histo-
pathology, 66, 922-938. https://doi.org/10.1111/his.12468

e, Jebt, WIERE, S5 ETARPREIKGY) R RANARER <2 om g1 F ARSI SR LR
R i O I BRI R 2% 7, 2022, 29(6): 667-675.

Oncology Society of Chinese Medical Association (2025) Chinese Medical Association Guideline for Clinical Diagnosis
and Treatment of Lung Cancer (2025 Edition). National Medical Journal of China, 105, 2918-2959.

Zhang, Y., Deng, C., Fu, F., Ma, Z., Wen, Z., Ma, X., et al. (2021) Excellent Prognosis of Patients with Invasive Lung
Adenocarcinomas during Surgery Misdiagnosed as Atypical Adenomatous Hyperplasia, Adenocarcinoma in Situ, or Mini-
mally Invasive Adenocarcinoma by Frozen Section. Chest, 159, 1265-1272.

https://doi.org/10.1016/j.chest.2020.10.076

Fu, Z., Lin, Y., Pan, A, et al. (2024) CT-Based Radiomics Combined with Clinical Features for Invasiveness Prediction
and Pathological Subtypes Classification of Subsolid Pulmonary Nodules. Heliyon, 10, €31967.

Song, C., Cao, L., Li, X,, et al. (2022) The Role of Intraoperative Frozen Section in the Surgical Management of Pulmo-
nary Pure Ground-Glass Nodules. BMC Surgery, 22, Article No. 404.

DOI: 10.12677/acm.2026.1662188 12 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662188
https://doi.org/10.1016/j.athoracsur.2020.04.094
https://doi.org/10.1016/j.lungcan.2018.12.020
https://doi.org/10.1111/his.12468
https://doi.org/10.1016/j.chest.2020.10.076

	术中冰冻指导肺结节手术治疗现状及研究进展
	摘  要
	关键词
	Current Status and Research Progress of Intraoperative Frozen Section in Guiding Surgical Treatment of Pulmonary Nodules
	Abstract
	Keywords
	1. 引言
	2. 术中冰冻指导肺结节手术治疗的发展历程
	2.1. 从良恶性鉴别到避免过度切除
	2.2. 基于肺腺癌浸润程度的手术决策
	2.3. 聚焦高危病理特征的“3.0时代”

	3. 术中冰冻指导肺结节手术治疗的局限性
	4. 未来发展方向
	5. 结语
	参考文献

