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Abstract

Percutaneous lung biopsy is the gold standard for the definitive diagnosis of pulmonary nodules,
but the risk of pulmonary hemorrhage varies significantly across different imaging guidance tech-
niques (CT, ultrasound, CBCT, PET/CT, etc.). A review of the existing literature shows that bleeding
prediction models under CT guidance are the most mature, evolving from analyses based on clinical
features to radiomics and machine learning approaches; ultrasound models focus on hemodynamic
assessment; PET/CT and MRI reduce risk indirectly by optimizing target planning. In contrast, alt-
hough CBCT-guided techniques are rapidly becoming widespread, there is a lack of dedicated quan-
titative risk prediction models, and clinical practice often directly applies CT models, overlooking
the risk differences brought by its unique procedural workflows and imaging characteristics. Stud-
ies indicate that a single universal model is insufficient for the needs of precision medicine. In the
future, it will be necessary to develop specific risk prediction models under CBCT guidance and ex-
plore Al-assisted decision-making systems that integrate multimodal data. This article reviews the
current research status of pulmonary hemorrhage risk prediction models in percutaneous lung bi-
opsy under different imaging guidance techniques, analyzes their methodological characteristics
and predictive factors, and provides a theoretical basis for developing precise prediction models
adaptable to other emerging technologies.
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1. 5|15

BE A R e CT 78N 0 2 i A, Ml 19 pode tH 26 3R i 1], 40 R 0 0 i 2 )3t A
(Percutaneous Transthoracic Needle Biopsy, PTNB) A H A . R Re i, N2 i A8 PR R i o
WFB2]. HET, WK EHT 5 SFRM A FZ AL E i (Computerized Tomography,
CT). # 7 (Ultrasound, US). #EJEW CT (Cone-Beam CT, CBCT) LA M # 3L 4% il {5 (Magnetic Resonance Imag-
ing, MRI). 1E H 7 &5 W Z 545 /1 T ALK 23345 (Positron Emission Tomography/Computed Tomography,
PET/CT). ARG FEARBAGFEIAFE, FEGL M okt S5 B g5 S ) BoRge I e e 2= 5, it

SN 1 B AR BRI AT RS (R4 ) (3] N, CT BARE 2 A HER, &G 4R 2 500k
A7, HEAERESIH BN IMTR, B2 TSMATH,; CBCT 44 THEMA LS CT MIE SR M, &
AN NFARZER ERLE .

MAER—MAAIEAE, PTNB A Al RE Gt A B H R, o i th I g L ELVEs 8 XU ¢ e 1) 9
KAEZ —. ko Z O ABEE 2R, CT 515 F PTNB Bt MR A2 2 AE 28.1% % 36.8% [, Hrf
PR R LA, H— BORAE T RE S ECE BEliiRo, 5 g 5 AR (4] [5].

T R RS N, A 4 1) XU DAk 22 (OB T B R R A i R e e R &, DL EME B E A
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X AE . ITEER, G PR TR %Y (Clinical Prediction Models, CPMs) K| H: G858 &% /N T K] 1 =2 AE T 41
OBEZR AL B, FEAMBL BT TR R 500 AT, AR RZETHI CT “HEEF " 1EH.
ByE g, mhx B ser AR A A 5 CBCT, s A B/ IhRE & %1 PET/CT 5 MRI, H
H I RS TR AR AL AT AR B = o ANIRI 515207 20 (0 RS R A e R AFAE 22 7 2 W CT B Fiiiag
HanEHEGHTHEs SR Bk = 25 Ha. KB ELGRAFRE L FEARTE K
2 U5 R S b I RIS TN AT (R RIE FEINAR 23 B L T2 R e R F0IU BT 1 1) e [, DA ey s o7 FL At i 4
AR PR RE T TR0 AR A Ik PR AR A

2. CT 5|5 T~ Bl th i XURG Tl = 3l

CT 5| 572 H AT ) 2 9 PTNB 513073, BIORTHIFAAE I LR RN, BRI B 5o

2.1. ETIEKRSHSFEFENEAZREYVIRE

FIAR TN 2 BT R R A Z R 3R Logistic [MIH4M T, BEMIEM MG EE. 20—
BOUESE, AR RIS B I I S, AR ST . Yang S ZE[6]2E T 2000 51 KHRE A £
PEAEFRIGUE T — AN TR, R U AR FE (>3 em) A2 il H I FR) 5 ST 5 (6 DX 35 (OR = 2.682), HL A4 )
5112 Bl (Nomogram)/E S0 UFAE H R I H R UF IR HERE . VRIS SE [ 71TE R iR TR da i, Ilisl ik s e 2 5 88U if
BIRE AR, BN g S A R . [FIES, Saggiante L Z5[8]FIMF LR, FEEMAMEE BT
2R 2R R 47 77 R B, AHE A RAME, AU R AR, G MY Bes ERAAAE K. AT E
g PRAE A, il S5 [OJFIFRRE S 10] 53 A A 7 0 CT 515 T PTNB ARG ifi I 51) 2 PRI o X 26
RO RN RS . RS AR BN, IPREE A A 55 TS o h SR A) Al g2
(C-index ¥t 0.75).

2.2. FRIBWAERER

BT EE A SRR, FRlEs MRS E AR R . Kim CR 5[ 11 HIRTFURNR S T AR A
BEIFRAEMI R R BIRMEGOU RN T RO AR, (HAZ 0 U AR R e ORym T, S0
PSRBT OR 5 2 K 0™ B H KRS, 3O 22 UM R 1 VR o S B SE (1210 B T 2 B3 5
BRI 2 Ak, OB RS H S UIFIE AR, (BB S A AL (IO KA, B
AL R B 7 A AN T2 [ ML 453 05 UG, A SR 7R S DA s s DX 4 B sl

23. RBEFSHHRFIEBNE

BEE TFEAEAR B R, FeT “IRATT L R §AAR 4H 22 R ORI TR o AR SR (13148 1
T BRSPS R RE AN . BRI, Wk S I SRR B R T I SR R A O
FE T X SLRFAE A S (Y T A B (AUC > 0.8)7E REUE FR TAE G I A A . 45 5 56 [ 14] B BEALAR AR
(Random Forest) 5&2:%] H Il B BEAT ER A5 . AR LLE Ak 1A, AL38 2% > 5503 BE B 1 bb Ak B A = ) (10) A 4 12k
RAURM RN SIRFEN A EAER), HARGEH T Rkt - MRS X —REIELRIERHE. Lin K
C S[151HEH T —Fr A5 i) 2 & il I3 43 AT (Quantitative Pulmonary Vascular Analysis, QPVA) 5%, i#it
CT %8 B 3155 %8 il B A2 b ) i A B T AR (CSA) LML A AR AR o 25 RS 7R, 8 CSA B H I Fr B 5t Tl K]
F, ZEAIEARY S AR N A, BT T Ak R .

2.4. FBRAL AR AIERER
EF R SEVELE T (GGOYRISZAS 212, A G4 23 Lee S B Z5[16] (I 518 i 5 i #4343 UL
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Ber A AL, SRS i T OR B 1 e BRI B AR s S5 A, L i B LA 5 SR A ],
TR & ARS8 T GGO St oy o F(CTR) )

3. /A5 ST A R ITFE

AR 5| 5 2 A A T UG R I R [ 78 i3 48 (Peripheral Pulmonary Lesions, PPLs). 5 CT AN, ##
FE L ASE T SE0 o e, RS Tl A 224 7 B8 ) o - I i 3 /1 % 5 80

3.1. MRHHES

FREE1TIRBT T 7B A 51 T R 5RO S R R R, B R (2 3 i R
(CDFI)Z o )4 & LA 5 2 H I ARAZ SRS PR 3 (OR = 4.32). IX— KB B AR I A RV i e
T2 815 5 5 DR BRI RS -

3.2. BEER(CEUS)BYIEEE A

R 7 e DA X 7 R AR S S AR, TSR A X o R AE 3 BUBOR R TGO 385 0 A a2 22 18 H o XU o
JFE18] LR TG 5 CT 5145, KM CEUS Reilii ) i kk ) i) 61 588 5L X (Necrotic
Area). F£F CEUS 15| T A0 A8 0 2 8D 5 AT AL, AT T2 AR 1 i iR . Wang G S8 [19] A S8t 7t
B PUESE, WA EARAE, CEUS 515 FRERA M LI THE9% CT, Hi2WiEfxEm, BN
FLRE R HE L 5] 3 2 A 0 R (X3

33. BEERMARENER

JSUAE TR P ST B 2 SR G A T M T F F 7 22 S o T SR R AT, (ELBEUCAR [20] 78 LA 2
WICH SRS LA 2 ST i g TR A 51 5 R PTNB IR ARE IR TS Y o ARG\ T 6 4 A
BEASCREMLE R AR . BRI, MRS ER A R, RORE R BT 5 AE IS Bl T
B R JE 5 i L ST, DT B A RS o 3K — S5 1R 4E Shen M AF[21]f 3043 511 K FEA [m] it
PE AT A 2 T EIE.

4. CBCT 5| 5T it I /3 B

HEJE R CT (CBCT)45 & T DSA R4 C EiiekkThae, BEENANFRENEMZE CT BB (CT-like
images), FFIEMLBILSN. CRIERAES CT 5B, (B8RS MR T HAAE R ET A,

4.1. CBCT AR M B SHF AL

Yang L [22] 55 R0 ZEHESE 23] FLUESE, CBCT BEA iGuide BN FHL R GiRe B E5e m 22 il <8 . 1ML
BN IR, B RO R R R B L. 5F L CT ANIF, CBCT 3 #iH R (S-
10 #0), XHEEBFAECA ZRE S . Yang Y 6[24]007 7 192 45 CBCT 513 TR HF1, RIER T kK
NG IRBESL, BRE TC G BRI R I R PR IS B O 5 A H LA BT . X L CT BB il D A
A,

42. BRERMF RS

BEARHATERZ CBCT &ML EBEA, EZHu ROl © B arnelkRR, X5 CT #A
FAEZESE, WM CT BERE A T M PE . R . W5 REE2SIED BT C B CT JFACHERS A B,
P B R 2 R LA S D ORI B S A B AP AN A CT R4 K, XAl fES CBCT
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ZAE B EEIE N EEA <. Ren Q Z5[26]LLE TiEM CT 5 CBCT, 4854 CBCT HEAARIRME T =4
1%, (HE IS RO B AL RS, 8 S 7 A i KR 2 BTt X — S AEBLA I CT TS 52 48
AR

5. (It ERE
5.1. PET/CT 5 MRI 1E 79 KUBE #1588 40 #b 7T SRR

H AT SCHRH AR WL 11 EE%E PET/CT B MRI 5151 it i ) A TS B 4R 1, X AR 3 208
o CTNRERG SR T R R XU KT R S . PET/CT AR 18F-FDG AU RA%,  AB0% X 40 g () i AR it
TR X SRR X (L 4EALBRIRBE) . Cerci JT 27125 IR 7R, PET/CT 5| % FHITERGE R EBEIK “45 R
A ” SENEE GRS, M2 R B A XS . Haidey J 25[28)42 Hi, ARATHEAT PET/CT 13
AT DA B 25 R0 H AR S P vy ELAST T B8 2 Ao B K I A S AU X PR . MIRT 5| 7 Ml 102
B, ARERFE R F AT EARRIMS « T 1A BHZEPEA Tk 1) o e Bl , CT A4 ME A IX 2 fih
JESAKBIMHEZ, Li P &E[29]0HF 7R H MRI 1) 2 S50 8502 DWI P, X 5 17 g (EiE
P EIAKARAE ), AT 5] 5 FET R & AL AN TR X 4k, SEIL T “RTE ML 1A R
Abrishami Kashani M %$[30]/)Z7AR45 i, I MRIIEMLE AR AT SEOUCER ST I SEmT 51 5, FEAES & 2
VAR B RS ), H T I TR S AR R I e I AR A AL . Rk, TEBRZ L R
MIEOLT, X EH A B Al 3 B A S s B0 R MR Sk b B M6

52. ERUSHBE

ANTA] G FBR BIAZ 0o RS B AP AE P B RO AL, IX e T B —BRUGIR ] . CT BB DA 3 3
UL BRI IR AR/ TS MU BT A(QPVA) . T & 2 T A 45 1)
MIBOATERE, G T frmas. AR DU R O R R 2 W B AE S BB IR
FEDX oAt o HLFINAZ 4 I T SIS L R L AR R 5E 28 1k, DU T4 AR AE . CBCT B AL 7R
TSR ORERWRI G BN E, ESHRZE. X E 2 RIE TR Hsh s A
B8 PR I [ 438 S BUR 282 ) . PET/CT 5 MRI BADIEEN T, B0 X FIWHARERE TEIX . I #E T
i 3 B IR AR B AR LG o

53. RS RKGE

JE IR AH S SCRR IR ANFZ 0, FRATT A B BRIl Hh 0f i 2B 47 2 Bt — BUR (L P 40 499), (R TR 51 54
AR “CHBMLR” AAAEZ R AREF R CT 51 % Ml AR R T CBCT B A 51T, B& 2
LFRZEME K, CBCT 5% FHMMERRZE L F. WE—NN CBCT Frf SEULE A ], B2
SHUEH . CBCT BURRHER TR, 2 AT/ NJBSUR 2 U e DI 7 5K o 11 HR SR AR AN B 128
T “H” , ENLEA T, i, PR3 Zhou S Q ZE[321HIMF ALK B, KT Tl (¥ =1 /&
SR, U VA 2 SR TE A B R (A B AR LR ) P BRI L I B — AR S et R A R )
BARIMYESy, FFh o R ACH 7 14 i i e 1

6. B4,
LR EPIR, ANFRAR 51 BRI 20 B 27 503 AS A S It D6 PEIN A 70 52 B R AN 1) A A 35

CT 513 MR A CIRAZRBA A 5P 7 R0, B& B Hiskae; & 5] 6B g
L, ERFE N SEOL T KSR A R, AR TN B S TP R R AR AU 2% & J7
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[ CBCT Bk, REMH 7 #nfEREER, HESRZ RGN, L BuEf S ISR . X
AR IRAT, ASRRVI TS )RR A T @ AT CBCT 51 SRHAE R H ML KU IO 7 Rt % R 45t
MU NAL G AL &, IENEES CBCT $5 A ERIES L, JFES & B B RORETIRAE, M
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